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Abstract 
 
 

In the face of legislation that curtails the rights and wellbeing of sexual- and gender-

minority (SGM) youth, developmental science has a responsibility to investigate SGM health 

and its protective factors. Sleep is a bellwether of health, indicating how well individuals and 

communities are doing. Given this, the two studies of this dissertation sought to understand the 

nature of sleep among SGM youth – how it compares to non-SGM peers, how it functions as a 

risk and protective factor for mental health, and what behaviors could promote SGM sleep. 

Using data from the Adolescent Brain Cognitive Development Study, the following measures 

were obtained for youth at age 12: SGM status by self-report, sleep by objective actigraphy, 

minority stress (past 12-month discrimination) by self-report, mental health (internalizing 

symptoms and externalizing behaviors) by parent report, and physical activity by accelerometry. 

Study I focused on sexual-minority (SM) youth. In models adjusted for sociodemographic 

characteristics and internalizing (anxious/depressive) symptoms, SM youth had shorter sleep 

duration, later sleep timing, and more irregularity in sleep duration and timing compared to non-

SM peers. However, they also had fewer wake minutes during the night, indicative of better 

sleep quality. Sleep quality, then, emerged as a moderator of relations between discrimination 

and externalizing behaviors. For SM youth with fewer wake minutes, there was no relationship 

between discrimination and externalizing (aggressive/rule-breaking) behaviors, suggestive of a 

protective role for sleep quality. Sleep did not moderate associations between discrimination and 

internalizing symptoms. Study II focused on gender-minority (GM) youth. In unadjusted models, 

GM youth had shorter sleep duration but better sleep quality than non-GM youth, and in models 

adjusted for sociodemographic variables and internalizing symptoms, GM youth had later sleep 

timing and more irregularity in duration and timing. Physical activity emerged as a moderator of 
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relations between GM status and sleep duration: at higher levels of physical activity, there was 

no difference in sleep duration between GM and non-GM youth, suggesting that physical activity 

could protect GM youth from insufficient sleep. Physical activity did not serve a similar function 

for sleep quality, timing, or regularity. Across studies, findings increase our understanding of 

sleep in the lives of SGM youth.  
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Chapter 1: General Introduction 

 In October 2021 the American Academy of Pediatrics, together with peer societies of 

health professionals, declared a national emergency on youth mental health and called for 

policymakers to take actions to support the socioemotional wellbeing of children and adolescents 

in the wake of the COVID-19 pandemic (American Academy of Pediatrics, 2021). Two months 

later, the U.S. Surgeon General responded with an advisory to stakeholders who could help 

address what has since become known as a youth mental health crisis (Office of the Surgeon 

General, 2021). At the center of the response was youth themselves, with a call for children and 

adolescents to attend to their “body and mind” through sleep and physical activity (among other 

recommendations; Office of the Surgeon General, 2021, p. 15). The Surgeon General further 

recognized a role for the research community, encouraging the use of novel methods, such as 

collecting data through wearable technology, and asking for research on health inequities 

affecting “at-risk youth populations, such as…sexual- and gender-minority [SGM] youth” 

(Office of the Surgeon General, 2021, p. 38). In echoing this call to address SGM health 

inequities, the Substance Abuse and Mental Health Services Administration (2023) has elicited 

research “that focuses on the ways [SGM] youth are thriving” (p. 59). It is within the context of 

this crisis – and this responsibility of researchers to locate sources of support for youth – that this 

dissertation is situated. The following two studies seek to contribute to our understanding of 

ways that youth from a marginalized group can have agency over their own health through 

ordinary behaviors that may have extraordinary influence.  

Contextualizing Sexual- and Gender-Minority Health 

 Sexual-minority (SM) youth are those who identify as lesbian, gay, bisexual, pansexual, 

asexual, queer, or a host of other specific orientations that differ from strictly heterosexual or 
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mixed-sex sexual or romantic interests (Zaza et al., 2016). Gender-minority (GM) youth have a 

gender identity that differs from the gender considered to be congruent with their sex assigned at 

birth; GM individuals are sometimes referred to as transgender and gender-diverse (TGD) in 

developmental and health literatures (Thorne et al., 2019). Together, SGM youth account for 

nearly 10% of the U.S. population between ages 13 and 17 (Conron, 2020). This includes 1.92 

million youth who identify as sexual minorities (Conron, 2020) and at least 300,000 who identify 

as transgender (Herman et al., 2022). Despite significant gains in public support for SM rights 

such as same-sex marriage (Gallup, 2023) and GM protections against housing and workplace 

discrimination (Parker et al., 2022), marginalization continues to occur (Fish, 2020; Fish & 

Russell, 2022). In 2021 and 2022, more than 300 bills were introduced in U.S. state legislatures 

to reduce access to gender-affirming healthcare and limit GM youths’ access to school spaces 

and activities (Nakajima & Jin, 2022). While 85% of such bills were unsuccessful (Nakajima & 

Jin, 2022), they garnered considerable media attention and led to the spread of harmful 

misinformation (Pang et al., 2022). Approximately 70% percent of SGM youth report 

experiences of discrimination (Price-Feeney et al., 2020), and 36% of SGM adolescents report 

being victimized (Williams et al., 2021). Surveillance data show that SM youth are two times 

(Johns et al., 2020) and GM youth are five times (Johns et al., 2019) more likely to report feeling 

unsafe at school than non-SGM peers. Both SM and GM youth are two times more likely to be 

bullied at school or online than their peers (Johns et al., 2019; Johns et al., 2020). Observational 

data reflect similar trends: pooled estimates from a recent meta-analysis showed that risk for 

victimization was three times more likely for SGM youth than their non-SGM peers (Williams et 

al., 2021). 
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The cost of marginalization is high. SGM youth have higher prevalence rates than non-

SGM individuals on nearly every indicator of mental illness (Fish et al., 2020; Russell & Fish, 

2016), including internalizing symptoms of depression and anxiety (Adelson et al., 2016), 

externalizing behaviors like substance use (especially use of illicit drugs; Johns et al., 2019; 

Mereish, 2019), and impaired academic achievement (Fenaughty et al., 2019). Of gravest 

concern, GM youth in the U.S. are six times more likely to attempt suicide than non-GM peers 

(Johns et al., 2019), while SM youth are four times more likely than their non-SM counterparts 

(Johns et al., 2020). Due to gaps in health equity between SGM and non-SGM individuals, the 

Office of Management and Budget has identified SGMs as a U.S. Health Disparity Population 

(Alvidrez et al., 2019).  

Such health inequities have been linked to marginalization (Halliwell, 2018; Williams et 

al., 2022). Discrimination accounts in part for the disparity in suicide attempts between GM and 

non-GM youth (Price-Feeney et al., 2020). Experiences of victimization are correlated with 

suicide risk (Bouris et al., 2016; Hatchel et al., 2021) and temporally precede depressive 

symptoms (Hatchel et al., 2018). Evidence suggests that victimization on the basis of one’s 

identity (e.g., discrimination attributed to one’s SGM status) may have a stronger relationship to 

depression, anxiety, and substance use than victimization without a specific cause (Earnshaw et 

al., 2016; Goldbach & Gibbs, 2017). This association is stronger still for identities that are more 

strongly held by youth, including SGM status (Goldbach & Gibbs, 2017). Further, the 

association between victimization and depressive symptoms is more robust in adolescence than 

later developmental periods (Birkett et al., 2015). 
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Theoretical and Conceptual Frameworks 

The relationship between marginalization and health can be understood through the lens 

of minority stress theory (MST; Brooks, 1981; Meyer, 1995, 2003, 2015; Frost & Meyer, 2023). 

At its core, MST suggests that individuals with marginalized identities have psychological 

demands over and above those of all people. Such demands are the result of experiences of 

prejudice, vigilance from the anticipation of prejudice, and internalized negative self-valuation 

following prejudice (Meyer, 2003). Meyer posits that minority stress is unique (i.e., that it occurs 

in addition to general stress), chronic (i.e., that it is related to widespread social norms that are 

unlikely to change in the short term), and social (i.e., that sources of stress are located outside of 

the individual; Meyer, 2003). 

From its inception (Brooks, 1981), MST has included the idea that there is variability in 

the effects of minority stress because some individuals demonstrate resilience in the presence of 

adversity (Frost & Meyer, 2023; Meyer, 1995, 2003, 2015). In earlier writings, Meyer described 

such resilience processes as coping (Meyer, 1995), yet he later carefully added that there are 

aspects of general stress and resilience models that apply to MST (Meyer, 2003). These include 

the specification of both group and individual “stress-ameliorating processes” (Meyer, 2003, p. 

6). Group resilience can be observed through affiliation with one’s community, which can be 

protective against stigma and discrimination (Meyer, 2015). Individual resilience is seen in 

resources available at the personal level, including biological factors and “usual activities” or 

everyday behaviors in which individuals engage (Dohrenwend, 2000; Meyer, 2003). When we 

consider activities through time use, we see that adolescents spend more than one-third of their 

lives in either sleep or physical movement (Brown et al., 2021; Randler et al., 2019), suggesting 
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that by time use alone, sleep and physical activity may be considered important everyday 

behaviors that could ameliorate minority stress.  

Sameroff’s unified theory of development (2010) provides further context for 

understanding the relationship between minority stress and youth development. The unified 

theory describes a dialectical exchange between individuals and their environments with 

attention to contextual and regulation models (Sameroff, 2010). The contextual model explains 

that youth are situated within multiple, interconnected systems comprised of homes, 

neighborhoods, schools, cities, states, and the broader culture. For SGM youth, such systems are 

the places where minority stress occurs. The regulation model articulates an increasing level of 

self-regulation that is common for individuals as they advance from childhood to adulthood, and 

which includes biological, psychological, and social facets. Sameroff (2010) describes sleep as a 

regulatory process that requires – and blends – the biological, psychological, and social together, 

suggesting that sleep is a lens through which to observe youth development. Sameroff (2010) 

further highlights transactions or interactions between contextual and regulatory models, 

suggesting that regulation can moderate the developmental processes set in motion by context. 

Sleep and Physical Activity 

Sleep is a key bioregulatory process that plays a vital role in nearly every aspect of 

wellbeing (Matricciani et al., 2019). For mental health, sleep supports emotion processing and 

regulation (Simon et al., 2020); over time, sufficient sleep is associated with lower levels of both 

internalizing symptoms and externalizing behaviors among youth (Kelly et al., 2022; Van Veen 

et al., 2021). For physiological processes, sleep assists in the functioning of the immune, 

endocrine, metabolic, and nervous systems (Zoccoli & Amici, 2020). For cognitive functioning, 

sleep aids in memory consolidation (Born & Wilhelm, 2012), improves working memory 
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(Matricciani et al., 2019), and increases cognitive efficiency (Short et al., 2018). In short, it is 

difficult for any individual to be “doing well” without sleeping well (Walker, 2017).  

Sleep has multiple dimensions (Buysse, 2014; Meltzer et al., 2021), each of which has 

unique effects on child development. Longer sleep duration, higher sleep quality (that is, fewer 

nighttime awakenings), earlier sleep timing, and more regularity (or consistency) in sleep 

duration and timing are all generally better for youth with regard to mental and physical health 

and academic functioning (Becker et al., 2017; Matricciani et al., 2019; Spruyt, 2019). While 

such trends are fairly consistent in the literature, only a few parameters have specific guidelines 

associated with them, such as recommendations that youth obtain eight-to-ten hours of sleep per 

night, go to bed no later than 9:00pm, fall asleep close to 30-60 minutes of the same time each 

night, and remain sleep for at least 85% of the night (Allen et al., 2016; Hirshkowitz et al., 2015; 

Mindell et al., 2009; Ohayon et al., 2017).  

Beyond its main effects, sleep plays an influential role in moderating the relationship 

between minority stress and youth development. For example, under conditions of longer, better-

quality, or more consistent-length sleep, relations among racial/ethnic or general discrimination 

and mental health are diminished (El-Sheikh et al., 2016; El-Sheikh, Zeringue, et al., 2022; 

Wang & Yip, 2020; Yip, 2015). These findings suggest that sleep could be an individual 

resilience factor consistent with Meyer’s (2003, 2015) conceptualization of stress amelioration. 

This places sleep within a broader resilience framework (Rutter, 1987) in which a promotive 

factor buffers stress, alleviating its expected negative effect (Luthar et al., 2000; Masten, 2001). 

(Sleep would be a promotive rather than a protective factor, as promotive factors theoretically 

confer advantages across both low- and high-risk contexts, while protective factors function in 

the context of risk; Sameroff, 2010). Conversely, shorter or poorer-quality sleep has been shown 
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to strengthen the relationship between discrimination and symptoms of mental illness (El-Sheikh 

et al., 2016; El-Sheikh, Zeringue, et al., 2022; Yip, 2015). Such a condition is consistent with 

multiplicative risk (Evans et al., 2013) and diathesis–stress (Sameroff, 1983) models. Both 

describe the deleterious influence of multiple risk factors functioning together, in slightly 

different ways. Multiplicative risk (also called cumulative risk), is often aggregated as an 

additive effect (e.g., the effect of two risk factors compared to the effect of one risk factor; Evans 

et al., 2013). Yet it also can be operationalized as an interactive effect to test moderation (e.g., 

Yip, 2015). Diathesis–stress is a specific type of multiplicative risk process in which the 

influence of an existing or initial context of risk (e.g., being mistreated due to one’s identity) is 

amplified by a stressor (e.g., insufficient sleep), increasing the vulnerability to a negative 

outcome (El-Sheikh, Zeringue, et al., 2022; Sameroff, 1983). Both of these observed moderating 

functions of sleep in the context of minority stress – resilience and risk – are part of a larger 

literature showing that sleep can buffer or exacerbate the effects of other stressors, including peer 

victimization (Tu et al., 2015), attachment insecurity (El-Sheikh & Kelly, 2017), family conflict 

(El-Sheikh et al., 2014), and socioeconomic adversity (Bagley & El-Sheikh, 2013; Gillis et al., 

2023). Of note, the role of sleep to moderate associations between discrimination and mental 

health has not been examined for sleep timing or regularity in timing.    

Physical activity, a key health behavior, seems to play a similarly wide-reaching role in 

supporting multiple domains of development. At higher levels, physical activity supports 

emotion regulation (Lubans et al., 2016) and is associated with lower levels of depressive and 

anxious symptoms, as well as acting-out behaviors among youth (Biddle et al., 2019; Spruit et 

al., 2016). It further supports immune, endocrine, metabolic, and nervous system functioning 

(Fleshner, 2005; Hackney & Lane, 2015; Vrijkotte et al., 2015). Along with these important 
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aspects of bioregulatory health, physical activity also supports longer and better-quality sleep 

(Gerber et al., 2014; Kalak et al., 2012; Philbrook & El-Sheikh, 2016). Cognitively, physical 

activity improves memory and strengthens performance (Biddle et al., 2019; Lubans et al., 

2016). 

Like sleep, physical activity has been shown to moderate associations between stress and 

youth development. In studies examining environmental stressors such as family conflict and 

negative life events, the association between stress and mental illness symptoms is attenuated 

under conditions of more physical activity (Norris et al., 1992; Sigfusdottir et al., 2011). The 

inverse also was observed – under conditions of less physical activity, a stronger relationship 

between stress and mental health was apparent. This suggests, again like sleep, that more 

physical activity can play a promotive role for youth facing stress, while less physical activity 

can increase risk, supportive of both resilience and multiplicative risk/diathesis–stress 

frameworks.  

 Taken together, sleep and physical activity provide a tremendous window into youth 

development, and their assessment by objective methods is easier now than ever before. Over the 

last decade, the use of consumer wearable technology has proliferated, offering the public insight 

into their sleep and physical activity at the touch of a button (Chinoy et al., 2021). Sensing 

technology and coding algorithms have become increasingly accurate in the estimation of 

sleep/wake periods and energy expenditure compared to gold-standard research instruments in 

the fields of sleep and kinesiology (Bagot et al., 2018).  

The Present Studies 

The present dissertation is comprised of two studies using data from the Adolescent Brain 

Cognitive Development (ABCD) Study, a longitudinal National Institutes of Health (NIH) 
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investigation offering unprecedented insight into the lives of youth in the U.S. In ABCD’s third 

wave of data collection (two-year follow-up to baseline), more than 4,000 youth wore 

actigraphs/accelerometers to contribute objective information on their sleep and physical 

activity. The sample had adequate representation of SGM individuals, including 211 SM and 91 

GM adolescents, making ABCD the first nationally representative study of SGM youth sleep and 

physical activity using objective measurement (Bagot et al., 2018; Calzo & Blashill, 2018). 

Although SGM youth are frequently sampled together in studies of health (Russell & Fish, 

2016), the current studies disaggregated data to examine the health of SM youth separately from 

GM youth. This is so that researchers, clinicians, and service providers seeking information on 

factors contributing to the health of one part of the community versus another can benefit from 

differentiation between groups.  

Study I begins with a comparison of sleep between SM and non-SM (“straight”) youth. 

To date, such differences among youth have been examined only from self-report (i.e., 

subjective) questionnaires. Surveillance data from the Youth Risk Behavior Survey showed that 

SM youth reported sleeping less at night than non-SM peers in 2015 (Dai et al., 2020; Kann et 

al., 2016). Large-scale population studies in China (Huang et al., 2018) and Korea (Seo et al., 

2015) have revealed similar patterns. Huang et al. (2018) also found SM youth in China reported 

taking longer to fall asleep and woke more during the night than non-SM peers. While a very 

useful start, such self-reports of sleep are only the tip of the iceberg toward a comprehensive 

understanding of SM sleep health (Meltzer et al., 2021; Millar et al., 2019). Study I advances this 

literature by examining SM-to-non-SM mean differences in objective sleep duration, quality, 

timing, and regularity. Sleep duration refers to the average length of sleep obtained each night. 

Sleep quality addresses the relative fragmentation and consolidation of sleep, a function of time 



   
 

20 

spent awake during the night. Sleep timing considers whether sleep falls earlier or later in the 

night. In contrast to the duration, quality, and timing, which are represented by means across 

nights, sleep regularity (also called consistency) examines variability of a sleep parameter across 

nights. Pursuant to a literature showing the importance of regularity in sleep duration and timing 

(Becker et al., 2017; Bei et al., 2016), the present study includes these two types of regularity 

(i.e., regularity in sleep duration and timing).  

In a similar fashion, Study II begins with a comparison of GM youths’ sleep to that of 

non-GM (“cisgender”) peers. Just one known study has reported such comparisons, finding that 

GM youth were half as likely to report sleeping 8–10 hours per night than non-GM youth, and 

twice as likely to report having poor-quality sleep using a single-item dichotomized rating of 

sleep quality (Levenson et al., 2021). Study II extends this literature by investigating GM sleep 

along dimensions of duration, quality, timing, and regularity examined objectively with 

actigraphs.  

Following these initial examinations of SM and GM youth sleep, each study assesses 

resilience and risk in the context of minority stress. In Study I, minority stress was 

operationalized as past-year discrimination on the basis of sexual orientation, a common 

assessment of discrimination (Schmitt et al., 2014). Because discrimination was attributed to SM 

status, only SM youth were included in this portion of analyses. Multiple dimensions of sleep 

were tested as moderators of relations between discrimination and mental health. Previous 

studies support the hypothesis that under conditions of more-optimal sleep (e.g., longer, better-

quality), the association between discrimination and mental health would be lessened (El-Sheikh, 

Zeringue, et al., 2022; Wang & Yip, 2020), consistent with Meyer’s (2003, 2015) 

conceptualization of resilience in the context of minority stress, as well as a resilience framework 
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more broadly (Rutter, 1987). Conversely, as previously found (El-Sheikh et al., 2016; Yip, 

2015), less-optimal sleep was expected to strengthen relations between discrimination and 

negative mental health outcomes by conferring multiplicative risk (Evans et al., 2013).  

Study II’s examination of resilience and risk took a different approach, testing physical 

activity as a factor promoting sleep equity for GM youth, as well as a risk factor widening sleep 

inequities. This approach assumed the presence of minority stress without modeling it directly; 

Meyer (2015) suggested that having an SGM status implies minority stress, even when it is not 

observed. Interaction models tested physical activity as a moderator of the association between 

GM status and each sleep parameter independently. It was expected that under conditions of 

higher physical activity, this relationship would be weakened, providing evidence that physical 

activity could mitigate sleep inequities for GM youth. A similar role for physical activity has 

already been established among racially minoritized youth (Gillis et al., 2021). Under conditions 

of less physical activity, it was expected that the association between GM status and sleep would 

be strengthened, suggesting that low physical activity may increase risk of sleep disturbances 

among GM youth.  

In both studies, sleep was measured objectively using accelerometry from FitBit Charge 

HR devices. Prior to the ABCD Study, NIH commissioned a pilot study to ensure the validity of 

this instrument (Wing et al., 2017), finding it to be valid in measuring sleep parameters relative 

to both polysomnography and research-grade actigraphs, and in estimating physical activity 

relative to electrocardiograms and calorimeters (Bagot et al., 2018), thus bolstering the 

trustworthiness of a consumer-grade wearable for research. In ABCD, participants wore FitBit 

devices for up to 21 consecutive days, a length of time exceeding the more-common assessment 
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periods of seven to 14 days (Ancoli-Israel et al., 2015; Meltzer et al., 2012), thereby providing 

more-than-sufficient data about youth sleep in this sample.  

The sleep field recommends that multiple facets be examined to obtain a comprehensive 

picture of sleep (Sadeh & El-Sheikh, 2015). Accordingly, four dimensions were considered 

across both studies: duration, quality, timing, and regularity. The first three (duration, quality, 

and timing) were indexed by means of various sleep parameters across nights of assessment. 

Duration was represented by sleep minutes (the number of minutes an individual is asleep 

between their nightly sleep onset and their morning wake [the full length of which can be 

referred to as the sleep period], exclusive of minutes in which they are awake). Quality was be 

represented by sleep efficiency (the percentage of the sleep period spent in sleep, calculated by 

dividing sleep minutes by the total number of minutes in the sleep period), wake after sleep onset 

(the number of minutes an individual is awake during the sleep period), and sleep latency (the 

number of minutes spent trying to fall asleep). Timing was indexed by a single variable, sleep 

midpoint (the clock time halfway between sleep onset and wake); this allowed us to see if an 

adolescent generally had an earlier or later sleep period. Regularity was reflected by examining 

relative consistency in sleep duration and timing across nights of assessment through variability 

in sleep minutes and variability in sleep midpoint across nights of data collection (each one 

calculated by intra-individual standard deviation divided by intra-individual mean for sleep 

minutes and midpoint across nights, respectively; Snedecor & Cochran, 1989). Each sleep 

variable was examined continuously in order to best reflect the full range of sleep in the 

population and to maximize variability (Aiken & West, 1991). 

Like sleep, physical activity has various dimensions and was represented with multiple 

parameters, consistent with recommendations (Hills et al., 2014). Overall intensity of physical 
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activity was represented by average metabolic equivalents of task per minute, a common unit for 

comparing activity levels across individuals based on energy expenditure (Maher & Olds, 2011). 

Time spent in intense physical activity was represented by average number of minutes of 

moderate-to-vigorous physical activity, a level typically associated with physical activity that is 

done intentionally as compared to physical activity done in the course of daily activity (Hills et 

al., 2014). A third parameter, average number of daily steps, quantified physical movement 

without respect to intensity (Diaz et al., 2015), allowing us to see variability in physical activity 

even among youth with overall low intensity of activity including activity that takes place in the 

course of daily tasks. 

 Early adolescence is an ideal time to examine both sleep and physical activity, in part 

due to significant changes from childhood that occur in each (Crowley et al., 2018; Hyde et al., 

2013). With puberty, the homeostatic pressure that initiates sleep builds up more slowly in the 

body, at the same time that the internal circadian rhythm becomes delayed, resulting in later 

bedtimes – and frequently, given the inflexibility of school schedules – a shorter window of time 

for sleep to occur (Crowley et al., 2018). Physical activity similarly declines from childhood to 

adolescence, as afterschool leisure time decreases and as physical activity largely constricts from 

recreational free play to scheduled sports involvement (Hyde et al., 2013). Yet the “punctuation” 

of leaving childhood and entering adolescence is importantly met with another change: 

increasing autonomy (Sameroff, 2010). Parents exert decreasingly less control over bedtime 

(Russo et al., 2007; Short et al., 2013), while adolescents gain increasing decision-making in 

time use during afterschool hours and on weekends (Hyde et al., 2013), the primary hours for 

physical activity outside of school-based physical education.  
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Early adolescents’ newfound autonomy has vital implications for their development. It 

means that youth have agency over sleep and physical activity, and suggests that each may be 

modifiable (Hosker et al., 2019). Having agency over modifiable behaviors gives youth control 

over factors associated with their wellbeing and increases self-efficacy, a well-documented 

protective mechanism (Rutter, 1987). Participation in decision-making about activities affecting 

health is shown to be psychologically beneficial for youth (Rith-Najarian et al., 2016). Further, 

and very importantly, this may allow youth to counterbalance health inequities associated with 

SGM identities. At the same time, such findings would be tempered by structural constraints, 

such as lack of access to and safety in gender-affirmed locker rooms, which can work against 

SGM youth’s participation in physical activity (Greenspan et al., 2019).  

Health equity research has begun to shine light on biological factors and everyday 

behaviors that function as processes of resilience, including sleep and physical activity (El-

Sheikh, Zeringue, et al., 2022; Gillis et al., 2021). The present studies extend such an evidence 

base to SGM youth, consistent with a strengths-based approach to the study of SGM health 

(Colpitts & Gahagan, 2016). Key aspects of this dissertation represent “firsts” in the literature. 

These studies are the first to examine SGM sleep through objective assessment, responding to a 

call in the literature for actigraphic assessment of SGM sleep (Millar et al., 2019) and building 

on previous descriptions of sleep duration and quality among SGM youth using self-reported 

data. The novelty of this work is further extended by investigating the timing or regularity of 

sleep in SGM youth relative to straight and cisgender peers. These two sleep dimensions that are 

gaining increasing attention as we learn more about their influence on youth development 

beyond sleep duration and quality (Becker et al., 2017; Matricciani et al., 2019), yet they have 

not been investigated previously among SGM youth, even by self-report. Finally, moderation 
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models probe sleep and physical activity as promotive factors specifically for SGM youth, with 

the aim of classifying them as behavioral levers that can be utilized to improve health equity. 

This goal – identifying promotive behaviors that reduce inequities between SGM and non-SGM 

youth – is the most important contribution that this dissertation hopes to make (National 

Academies of Sciences, Engineering, and Medicine, 2022).  
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Chapter 2: Introduction to Study I 

Sleep, Discrimination, and Mental Health Among Sexual-Minority Youth 

Sexual-minority (SM) youth – those who identify as lesbian, gay, or bisexual in sexual or 

romantic interests (Zaza et al., 2016) – are gaining increasing attention in the sleep literature 

(Butler et al., 2020; Millar et al., 2019; Patterson & Potter, 2019). While evidence suggests that 

SM individuals on average obtain shorter (Dai et al., 2020) and poorer-quality sleep (Li et al., 

2017) compared to non-SM (“straight”) peers, other important dimensions of pediatric sleep, 

such as sleep timing and regularity (Meltzer et al., 2021), remain to be investigated. The urgency 

to do so is based on the frequent minority stress and discrimination to which SM youth are 

exposed (Williams et al., 2021). Sleep holds tremendous promise to protect the wellbeing of SM 

youth, given the role of sleep in strengthening equity for marginalized youth generally (Hale et 

al., 2020), and given an expanding literature pointing to the promotive effects of sleep in the 

context of minority stress, including experiences of discrimination (Wang & Yip, 2020). This 

study sought to compare the sleep of SM youth to non-SM peers in early adolescence, focusing 

on four key sleep dimensions: duration, quality, timing, and regularity. Then, among SM youth, 

sleep was examined as a moderator of relations between discrimination and mental health. 

Sleep Among Sexual-Minority Youth 

 Sleep is multifaceted (Meltzer et al., 2021). Its dimensions include average duration 

(length of sleep), quality (indexed by the portion of the night spent in sleep, as well as the length 

of time it takes to fall asleep), and timing (whether the sleep period falls earlier or later in the 

night), as well as regularity or variability in these facets across nights. For a comprehensive 

assessment of sleep, it is necessary to include multiple dimensions (Sadeh & El-Sheikh, 2015). 

Actigraphy – estimation of sleep and wake on the basis of movement as measured by a wrist-
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worn device – allows us to capture multiple dimensions simultaneously and to do so in a non-

invasive manner that examines sleep in the context of natural (i.e., home) environments (Sadeh, 

2015). This ability – to study sleep in context – has opened up the literature to investigations of 

sleep among varying groups of people based on development and identity, such as comparing 

trends in sleep across ages (Boatswain-Jacques et al., 2023; Randler et al., 2019) and studying 

sleep among marginalized populations (El-Sheikh, Gillis, et al., 2022; Yip et al., 2020).  

 To that end, a small but growing literature is beginning to elucidate the nature of sleep 

among SM youth (Butler et al., 2020; Patterson & Potter, 2019). In general, patterns across 

studies suggest that SM youth have shorter sleep duration and poorer sleep quality relative to 

non-SM peers (Patterson & Potter, 2019). Dai et al. (2020) found that SM high school students in 

the U.S. were more likely than non-SM peers to report sleeping five or fewer hours per night on 

average on the 2015 Youth Risk Behavior Survey. From the same sample, Kann et al. (2016) 

reported that SM students were less likely than their non-SM peers to obtain eight or more hours 

of sleep on typical school nights. An analysis of data from the 2015 School-Based Chinese 

Adolescents Health Survey found that SM youth in grades 7–12 had significantly lower self-

reported sleep quality than non-SM students (Huang et al., 2018). Among the same sample, SM 

youth reported taking longer to fall asleep (sleep latency), sleeping for fewer minutes, sleeping a 

shorter percentage of the night (sleep efficiency), having more sleep problems or disturbances, 

more frequently needing to take medication to induce sleep, and having more daytime sleepiness, 

all on average in comparison to non-SM peers (Li et al., 2017). Finally, data from the Eighth 

Korea Youth Risk Behavior Web-based Survey in 2012 found that significantly more bisexual 

boys (but not gay or lesbian youth) believed they did not sleep enough compared to non-SM 

peers at ages 12–18 (Seo et al., 2015). Among studies described here, a predominant pattern 
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emerged in which SM youth report shorter and poorer-quality sleep relative to non-SM 

adolescents across multiple sleep dimensions. However, several opportunities to advance this 

literature are apparent. First, the two existing studies of SM youth sleep in the U.S. have relied 

on the same sample and wave of national surveillance data (the 2015 Youth Risk Behavior 

Survey; Dai et al., 2020; Kann et al., 2016). Second, no publication has examined the sleep of 

SM youth using actigraphy as an objective measurement. Studies to date have asked individuals 

to report on their sleep duration and quality; while such reports are useful to identify trends at the 

population level, adolescents are known to significantly overestimate both sleep duration and 

quality compared to actigraphic measurement (Short et al., 2012), thus necessitating an 

actigraphic assessment of SM youth sleep.  

Discrimination and Mental Health 

Discrimination occurs when persons are viewed or treated negatively as the result of 

belonging to or being perceived to belong to a socially defined group (Krieger, 2014). 

Experiences of discrimination have a negative influence on mental health (Schmitt et al., 2014; 

Wilson & Cariola, 2020). Discrimination has relations with internalizing symptoms of depression 

and anxiety, both cross-sectionally and longitudinally, with pooled effect sizes in the moderate 

range (Greene et al., 2006; Schmitt et al., 2014). Such associations appear to be stronger for 

youth than adults (Schmitt et al., 2014). Youth who reported discrimination were three times 

more likely to have depressive symptoms compared to their peers who do not experience 

discrimination (Coker et al., 2009). Although less studied than internalizing symptoms, relations 

between discrimination and externalizing behaviors also have been examined in the literature. 

Among early adolescents – the same developmental stage investigated in the present study – 

youth who experienced discrimination were twice as likely than their peers to exhibit behaviors 
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indicative of oppositional-defiant and conduct disorders (Coker et al., 2009), and were more 

likely to exhibit subclinical delinquent behaviors and aggression (Bogart et al., 2013). Similar 

findings have been observed for middle and late adolescents, among whom negative peer 

experiences were associated with a composite of rule-breaking and aggressive behavior 

(Williams et al., 2005). Discrimination is further linked across time in adolescence to substance 

use (Fuller-Rowell et al., 2012). A majority of studies in this literature have been of general 

discrimination (i.e., being harassed, threatened, or treated less well than others) and racial/ethnic 

discrimination. Although limited research has examined discrimination on the basis of sexual 

identity, findings are consistent with general and racial/ethnic discrimination: for SM youth, 

discrimination has been linked with depressive symptoms (Almeida et al., 2009; Russell & Fish, 

2016; Wilson & Cariola, 2020) and delinquency (Goldbach et al., 2014).  

Several potential mechanisms may link discrimination with poorer mental health 

outcomes among youth. One predominant factor is rumination, a maladaptive response to stress 

characterized by sustained focus on negative thoughts (Hatzenbuehler & Pachankis, 2016; Wang 

& Yip, 2020). Experiences of discrimination are linked with same-day rumination 

(Hatzenbuehler et al., 2009; Wang & Yip, 2020), which in turn is linked over time with 

internalizing symptoms (Hatzenbuehler et al., 2008) and externalizing behaviors (du Pont et al., 

2018). Another potential explanatory mechanism is vigilance; discrimination can increase 

vigilance, or alertness against potential threats, which predicts depressive symptoms over time 

(Hatzenbuehler & Pachankis, 2016). Emotion dysregulation is another pathway (Hatzenbuehler 

et al., 2008) – stress exposures can lead to lower emotion regulation, which in turn is related to 

aggressive behavior (Herts et al., 2012). This process may occur through impairment of the 

anterior cingulate cortex and prefrontal cortex (Berger & Sarnyai, 2015), as well as the 
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hypothalamic–pituitary–adrenal (HPA) axis (Berger & Sarnyai, 2015), which regulates the 

body’s response to stress through the release of hormones (Hatzenbuehler & Pachankis, 2016). 

In adolescence, diminished HPA activity is associated with both internalizing symptoms and 

externalizing behaviors (Kuhlman et al., 2018).  

Sleep as a Moderator of Relations Between Discrimination and Mental Health 

 Direct associations between multiple dimensions of sleep and mental health are well 

demonstrated among youth (Spruyt, 2019). Shorter sleep duration (Shochat et al., 2014), poorer 

sleep quality (Matricciani et al., 2019), later sleep timing (Barclay et al., 2011; Díaz-Morales, 

2016; Jankowski, 2016), and sleep irregularity (Becker et al., 2017) are associated with 

depressive and anxious symptoms and behavior problems. Beyond main effects, sleep has been 

shown to moderate associations between stress and mental health among youth. Multiple 

dimensions of sleep have been demonstrated to moderate associations between experiences of 

discrimination and mental health in childhood and adolescence (El-Sheikh, Gillis, et al., 2022). 

In such studies to date, both general discrimination (that is, not related specifically to SM status) 

and racial/ethnic discrimination in the U.S. have been examined. While experiences of 

discrimination are heterogeneous between individuals and among marginalized groups, these 

investigations suggest that sleep may play a role in mitigating or exacerbating relations between 

discrimination and mental health for SM youth. 

 Among a sample of late adolescents, general discrimination was associated with 

depressive and anxious symptoms for girls with fewer average sleep minutes measured by 

actigraphs, while girls with longer sleep had no association between discrimination and 

internalizing symptoms, indicating a buffering effect for sleep duration in the context of 

discrimination (El-Sheikh, Zeringue, et al., 2022). For both girls and boys, more-frequent 
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discrimination was associated with depressive and anxious symptoms and rule-breaking behavior 

among youth with more variability in sleep minutes across a week of actigraphic measurement, 

while more consistent sleep weakened the association between discrimination and negative 

outcomes (El-Sheikh, Zeringue, et al., 2022). Among a different sample of adolescents, a similar 

pattern was observed: general discrimination was associated with externalizing behaviors, while 

the relationship was attenuated among youth with longer actigraphy-based sleep duration (El-

Sheikh et al., 2016). 

In studies examining racial/ethnic discrimination, sleep duration and quality were found 

to moderate associations between experiences of discrimination and internalizing symptoms 

(Wang & Yip, 2020; Yip, 2015). Specifically, in a daily-association study of actigraphy, 

adolescents who slept longer or had less nighttime waking following discrimination experiences 

showed greater use of active coping strategies like seeking social support and problem-solving 

the next day, which in turn predicted better mood and fewer somatic complaints (Wang & Yip, 

2020). Across a three-year longitudinal study of a different sample, discrimination predicted 

growth in depressive symptoms for youth with lower self-reported sleep quality, yet, for 

adolescents with higher sleep quality, the rise in depressive symptoms leveled off after two 

years, and then began to decrease (Yip, 2015). These studies provide evidence that sleep could 

serve as a moderator of associations between discrimination and mental health among SM youth, 

consistent with a growing literature on risk and protective factors for SM health (Russell & Fish, 

2016).  

 Sleep is known to influence mental health through the same mechanisms that 

discrimination is associated with mental health. Longer nighttime sleep duration has been shown 

to predict less rumination the following day in the context of discrimination (Wang & Yip, 
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2020), perhaps suggestive that long sleep could attenuate the association between discrimination 

and poorer mental health for SM youth, while shorter sleep might strengthen this relationship. 

Additionally, longer and better-quality sleep improves emotion regulation (Palmer & Alfano, 

2017), which could disrupt the otherwise-observed association between stressors and 

maladjustment through the pathway of emotion dysregulation (Herts et al., 2012), while shorter 

sleep erodes emotion regulation among youth (Baum et al., 2014; Robinson et al., 2018). 

Furthermore, short or poor-quality sleep is associated with greater activation of the HPA axis in 

response to stress, while longer and better-quality sleep is related to more-optimal HPA 

functioning (Philbrook et al., 2021; van Dalfsen & Markus, 2018). Taken together, these 

pathways suggest that better sleep could lessen the effect of discrimination on mental health by 

providing youth with enhanced ability to regulate emotions and mitigate physiological stress.  

Theoretical and Conceptual Frameworks 

Minority stress theory (Brooks, 1981) posits that stressors on the basis of sexual identity 

negatively impact mental health through three processes: discrimination, vigilance to guard 

against discrimination, and an internalized negative view of oneself (Meyer, 2003). 

Discrimination is characterized as a distal factor in which an external force – an expressed 

negative viewpoint from another person or institution – detracts from the wellbeing of an SM 

individual (Meyer, 2003). Such experiences not only stigmatize individuals, undermining their 

sense of belonging, but also can contribute to negative self-evaluation (Meyer, 2003). Goldbach 

and Gibbs (2017) extended the applicability of minority stress theory to adolescents, finding that 

all aspects of the theory in its original form are relevant to the lives of youth. Further, 

adolescence is a salient developmental stage for examining the influence minority stress among 

SM youth as they are working through tasks of both general and sexual identity development 
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(Goldbach & Gibbs, 2017; Russell & Fish, 2019). Minority stress theory has been employed in 

the SM youth sleep literature to contextualize findings related to sleep inequities (Butler et al., 

2020; Huang et al., 2018; Li et al., 2017; Patterson & Potter, 2019); that is, to suggest why, or 

through what mechanism, SM youth may have shorter or poorer-quality sleep relative to non-SM 

peers. In the current study, minority stress theory places SM youth within a potential context of 

risk, and further helps to frame our understanding of discrimination’s influence on mental health.  

Yet the effects of stressors are only part of minority stress theory – it also includes 

processes that mitigate stress (Goldbach & Gibbs, 2017; Meyer, 2003, 2015). A rich literature on 

resilience (Rutter, 1987; Rutter, 1993) helps us to understand the stress-reducing factors 

proposed by minority stress theory. Resilience is observed when a condition of risk is not 

associated with a negative outcome because of the presence of a promotive factor (Sameroff, 

2010). Sleep is an important promotive factor for marginalized youth (El-Sheikh, Gillis, et al., 

2022), and it is proposed as a mechanism to strengthen equity among groups (Hale et al., 2020). 

For SM youth in particular, the identification of resilient contexts is a necessary addition to a 

literature that has its roots in the investigations of deficits (Colpitts & Gahagan, 2016; Meyer, 

2015). In our study, this might be seen for an individual who reports an experience of 

discrimination but still has high-quality sleep; if such an individual also has fewer symptoms of 

mental health problems, then we would posit that resilience has occurred.  

Yet not all youth who experience discrimination are able to maintain high-quality sleep; 

some may have poorer-quality sleep. Such a condition – under which discrimination interacts 

with suboptimal sleep – can be understood within multiplicative risk and diathesis–stress 

frameworks. Multiplicative risk (sometimes also called cumulative risk) occurs when one risk 

factor interacts with another to increase the likelihood of a negative outcome (Evans et al., 2013). 
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Multiplicative risk models are frequently employed in investigations of youth development and 

mental health (Sameroff, 2000) and have been used to understand moderation effects of sleep in 

the context of risk, including discrimination (El-Sheikh, Zeringue, et al., 2022). Similarly, 

diathesis–stress (Sameroff, 1983) occurs when risk from an existing condition is amplified by a 

second risk factor. In this study, the interactive effect of discrimination and poor-quality sleep 

would be expected to have a greater influence on mental health than discrimination or poor-

quality sleep on their own.  

The Present Study 

 The present study had three aims. The first was to compare the sleep of SM and non-SM 

adolescents using a large, national dataset that has not previously been used to examine the sleep 

of SM youth. In accordance with recommendations in the pediatric sleep literature (Meltzer et 

al., 2021; Sadeh & El-Sheikh, 2015), a broad assessment of sleep was undertaken to encompass 

sleep duration, quality, timing, and regularity. Duration was represented by sleep minutes. 

Quality was indicated by sleep efficiency, wake after sleep onset, and sleep latency. Timing was 

measured through sleep midpoint, which reflects whether the sleep period falls earlier or later in 

the night. Regularity – the consistency of sleep duration and timing across nights – was 

represented by variability in sleep minutes and variability in sleep midpoint. Based on existing 

literature, it was expected that SM youth would have shorter sleep duration, lower sleep 

efficiency, more wake after sleep onset, and longer latency relative to non-SM youth (Li et al., 

2017; Patterson & Potter, 2019). While the present study was the first to assess sleep timing and 

regularity in SM youth, SM youth were expected to have later sleep timing and more variability 

in sleep duration and timing, consistent with a literature showing the same pattern for ethnically 

and racially minoritized youth (Guglielmo et al., 2018). Such a finding also would be consistent 
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with observations of shorter sleep duration and poorer sleep quality among SM youth (Li et al., 

2017; Patterson & Potter, 2019).  

 The remaining two aims of the present study were addressed with a subsample comprised 

of SM youth from the same large, national dataset. A subsample of SM youth was used because 

the discrimination measure was specific to SM status and because a growing literature 

recognizes the importance of investigating within-group differences of developmental outcomes 

in order to better understand processes of resilience and risk (El-Sheikh, Gillis, et al., 2022). The 

second aim examined the direct associations between discrimination on the basis of SM status 

and multiple dimensions of youth mental health – internalizing symptoms and externalizing 

behaviors. Consistent with minority stress theory (Frost & Meyer, 2023; Meyer, 2003) and 

existing literature (Russell & Fish, 2016; Wilson & Cariola, 2020), it was anticipated that 

discrimination would be associated with both internalizing symptoms and externalizing 

behaviors among SM youth. The third aim examined sleep as a moderator of these associations. 

It was expected that more-optimal sleep would lower risk for negative mental health outcomes 

among SM youth who experienced discrimination, in line with a resilience framework (Rutter, 

1987). Conversely, less-optimal sleep may represent higher risk in accordance with 

multiplicative risk (Evans et al., 2013) and diathesis–stress (Sameroff, 1983) frameworks. Such 

patterns of protection and vulnerability are not mutually exclusive (Luthar et al., 2000) and have 

been observed in other investigations of interactions between stressors and mental health (El-

Sheikh, Zeringue, et al., 2022; Tu et al., 2015; Yip, 2015).  

 The study makes a novel contribution to the literature in several ways. First, it builds on 

previous investigations of SM adolescent sleep by analyzing actigraphy of SM youth, which has 

yet to be done (Millar et al., 2019). Second, analyses provide information on several sleep 
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parameters that have not been examined among SM youth, even by self-report: sleep timing and 

regularity. Third, such novel sleep parameters are examined as potential promotive and risk 

factors for SM youth mental health in the context of discrimination, a research question that has 

not been addressed in the literature. Importantly, the results of such analyses could elucidate 

conditions under which SM youth are protected from negative developmental outcomes, which 

might be utilized in future intervention programs (Blake et al., 2017), in clinical work (Novak & 

Gillis, 2022), and in other service settings where SM youth are helped (Martos et al., 2017). 
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Chapter 3: Method of Study I 

Participants 

 A total of 11,875 youth living near 21 data-collection sites around the United States were 

recruited into the ABCD Study at ages 9–10 for wide-ranging baseline assessments of 

biopsychosocial functioning and development beginning in 2016 (Garavan et al., 2018; Karcher 

& Barch, 2021). Participants were primarily recruited through public and private elementary 

schools using probability sampling to approximate the demographic composition of all U.S. 9- 

and 10-year-olds with regard to sex, race, ethnicity, family income, and household composition 

(Garavan et al., 2018; Thompson et al., 2019). All families had to have at least one parent who 

was fluent in English or Spanish. Youth were excluded from participation if they had severe 

sensory, developmental, or physical health impairments or were unable to undergo magnetic 

resonance imaging, a key source of data for the larger study (Thompson et al., 2019).  

Data for the present study were collected at a single timepoint between September 2018 

and January 2020, two years after baseline, when youth were ages 10–13. At this timepoint, 

4,369 participants contributed data on their sleep using FitBit devices. Participants were retained 

in analyses if they contributed at least five nights of data in the same week (Meltzer et al., 2022; 

see more below under Measures), resulting in an analytic sample of N = 2,979 youth (M age = 

11.96 years, SD = 7.80 months; 51.19% were assigned male sex at birth, and 48.81% assigned 

female sex at birth). The mode of parent-reported pubertal status was mid-puberty (40.39%); 

other youth were in pre-puberty (14.36%), early puberty (27.67%), late puberty (17.27%), or 

post-puberty (0.31%). Parents reported that 61.29% of youth were non-Hispanic White, 16.07% 

were multiracial or multiethnic, 12.23% were Hispanic, Latino, or Latina, 7.08% were non-

Hispanic Black, 2.66% were of Asian descendent, and 0.20% were American Indian or Alaska 
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Native; a smaller remainder of participants did not specify a racial identity. On the basis of 

income-to-needs ratio (described under Measures), 20.97% of youth were from families living at 

or near the poverty line, 14.06% were lower middle class, and 64.96% were middle class and 

above.  

 A subsample of youth were identified as sexual minorities (n = 211; see below under 

Measures). SM youth had a mean age of 11.99 years (SD = 7.34 months) and a mode pubertal 

status of mid-puberty; 83.89% were assigned female sex at birth, and 16.11% were assigned 

male sex at birth. SM participants were 59.52% non-Hispanic White, 23.81% multiracial or 

multiethnic, 11.90% Hispanic, Latino, or Latina, 3.33% non-Hispanic Black, 0.95% Asian, and 

0.49% another race. The families of SM youth were primarily middle class and above (68.00%); 

19.50% lived in or near poverty, and 12.50% were lower middle class. 

Procedures 

 Procedures for the ABCD Study were approved by the institutional review board of 

University of California, San Diego. Secondary data analysis was deemed exempt by the Auburn 

University institutional review board. Auburn University signed a Data Use Certification to 

obtain access to the National Institute of Mental Health Data Archive. Only procedures related to 

this dissertation study are described here. Parents provided consent, and youth assented to 

participation. During a laboratory visit at one of 21 data-collection sites, parents and youth 

completed questionnaires using iPads with guidance as necessary from trained research assistants 

(Blashill & Calzo, 2019; Karcher & Barch, 2021). Parents provided information about youth 

demographics and mental health, while youth provided information about their SM status and 

experiences of discrimination. Youth wore FitBit devices at home for up to three weeks (M = 

12.46 nights, SD = 5.78 nights) to measure sleep (Nelson et al., 2022). 
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Measures 

SM Status 

 Youth were coded as sexual minorities if they answered Yes or Maybe to the question 

“Are you gay or bisexual?” in accordance with prior studies (Blashill & Calzo, 2019). SM status 

was coded as: 1 = SM, 0 = Non-SM.  

Sleep 

 Objective indicators of sleep duration, quality, timing, and regularity were measured by 

FitBit Charge HR devices and extracted using Fitabase (Small Steps Labs, San Diego, CA). 

FitBit uses accelerometry to estimate periods of wake and sleep in 30-second intervals. Sleep 

duration was measured by average nightly sleep minutes (the number of minutes that a 

participant is determined to be asleep between sleep onset and wake). Sleep quality was 

indicated by three parameters: sleep efficiency (sleep minutes divided by the number of minutes 

between sleep onset and wake, multiplied by 100), wake after sleep onset (WASO; the average 

number of minutes determined to be awake between sleep onset and wake), and sleep latency 

(the number of minutes from the time a participant was determined to be in bed and sleep onset). 

Sleep timing was indicated by the average midpoint between sleep onset and wake. Sleep 

regularity was indexed by variability in sleep minutes and variability in sleep midpoint 

(calculated as intra-individual SD/M of the respective sleep parameter, with higher numbers 

indicating more variability [Snedecor & Cochran, 1989]). Sleep minutes and WASO were 

provided directly from Fitabase, along with timing variables (first minute a participant was 

determined to be in bed, sleep onset, and wake) that were used to calculate other variables. Sleep 

efficiency and latency were calculated in a manner consistent with a study that validated the use 

of FitBit Charge HR devices in comparison to polysomnography (de Zambotti et al., 2015), 
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along with recommendations in the field (Fekedulegn et al., 2020). Sleep midpoint (Randler et 

al., 2019) and variability (Kelly et al., 2022) were calculated in a manner consistent with others 

in the field. Participants’ sleep data were included if they had at least five nights of actigraphic 

measurement, in accordance with best practices in the field (Meltzer et al., 2012).  

Discrimination 

 Youth responded to the question, “In the past 12 months, have you felt discriminated 

against because someone thought you were gay, lesbian, or bisexual?” (1 = Yes, 0 = No). Single-

item measures of discrimination are established in the literature as accurate representations of 

such experiences (Almeida et al., 2009) and are a common method of assessment in the field 

(Schmitt et al., 2014).  

Mental Health 

 Parents reported on the mental health of SM youth over the previous six months using the 

well-established and widely adopted Child Behavior Checklist (CBCL; Achenbach & Rescorla, 

2001), which surveys a diverse range of symptoms and behaviors that youth may experience. 

The CBCL is validated in community samples to detect sub-clinical levels of adjustment 

problems (Bilenberg, 1999; Döpfner et al., 1994), but also has clinical and borderline-clinical 

thresholds that may indicate serious instances of mental illness (Achenbach & Rescorla, 2001). 

The measure had strong test-retest reliability (indicated by Pearson’s r) and internal consistency 

(indicated by Cronbach’s alpha) in a norming sample of school-age children (Achenbach & 

Rescorla, 2001). Three syndrome scales were used in the present study to cover both 

internalizing symptoms and externalizing behaviors: anxious/depressive symptoms, aggressive 

behavior, and rule-breaking behavior. The anxious/depressive scale was comprised of 13 items 

(α = 0.90), such as “Feels worthless or inferior” and “Fears going to school.” The aggressive 
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behavior scale had 17 items (α = 0.94), including “Destroys things belonging to his/her family 

members or others” and “Threatens people.” The rule-breaking behavior scale had 15 items (α = 

0.92), including “Breaks rules at home, school, or elsewhere” and “Lying or cheating.” See the 

Appendix for a full list of items. For each item, parents respond with 0 if the symptom was Not 

True for their child, 1 if it was Somewhat or Sometimes True, and 2 if it was Very True or Often 

True. Responses were summed for each scale and converted to T scores, which are normed for 

age and sex assigned at birth (Achenbach & Rescorla, 2001). Small percentages of SM youth 

exceeded cutoffs for clinical or borderline-clinical (T  ≥ 65) levels of anxious/depressive 

symtpoms (11.85%), aggressive behavior (5.21%), and rule-breaking behavior (4.27%). 

Controls 

At the time of in-person data collection, one parent reported each youth’s sex assigned at 

birth (female or male), pubertal status, race, household income, and size of household. Pubertal 

status was reported through secondary sex characteristics on the widely used Pubertal 

Developmental Scale (Petersen et al., 1988). Household income and size were used to compute 

family income-to-needs ratio, a commonly used measure of socioeconomic status (SES; Diemer 

et al., 2013), calculated by dividing family income by the federal poverty threshold for their 

household size (U.S. Department of Commerce, 2019). During in-person data collection, staff 

measured each participant’s waist circumference in inches using measuring tape, which is a valid 

estimate of approximate body adiposity in youth (Bixler et al., 2009). Sleep is known to vary 

systemically by sex assigned at birth, puberty, race, SES, and adiposity (Bixler et al., 2009; El-

Sheikh, Gillis, et al., 2022; Guglielmo et al., 2018; Lucien et al., 2021; Storfer‐Isser et al., 2012); 

therefore, demographic and health variables were covaried in analyses. In tests of mean 

differences in sleep between SM and non-SM youth, anxious/depressive symptoms was utilized 
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as an additional control because anxious/depressive symptoms are associated with each sleep 

parameter under consideration in adolescence (Kelly et al., 2022); this is a common covariate in 

studies of SM sleep (Butler et al., 2020).  

Plan of Analysis 

 Standard data preparation procedures were completed in SPSS 29 (International Business 

Machines Corporation, Armonk, NY) to examine central tendency and distribution in each main 

study variable. Extreme outliers, identified by Mahalanobis distance, were trimmed to the next-

highest observed value to improve normality in continuous independent variables (i.e., sleep; 

Kline, 2011). A total of 86 observations were trimmed (6 for sleep minutes, 2 for sleep 

efficiency, 3 for WASO, 17 for sleep latency, 11 for sleep midpoint, 13 for variability in sleep 

minutes, and 34 for variability in sleep midpoint); trimmed observations accounted for 0.41% of 

sleep data. Toward the investigation of aim 1, a first set of analyses examined mean differences 

in sleep parameters between SM and non-SM youth using multivariate analysis of covariance 

(MANCOVA). Three models were examined: an unadjusted baseline model with no covariates; 

a model adjusted for sex assigned at birth, pubertal status, race, family income, and waist 

circumference; and a model adjusted for these same covariates plus anxious/depressive 

symptoms. 

 For aim 2, moderation analyses were performed in mPlus 8.1 (Muthén & Muthén, Los 

Angeles, CA) utilizing a subsample comprised of all SM youth with sleep data (n = 211). Path 

analyses tested relations of discrimination, sleep, and the interaction of Discrimination x Sleep 

with mental health, in independent models for each sleep parameter and each mental health 

outcome. Each model controlled for sex assigned at birth, pubertal status, race, family income, 

and waist circumference. Several additional steps were taken to aid interpretation of findings. 
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For significant interaction effects, the association between discrimination and mental health was 

plotted at prototypical conditional values of sleep, ± 1 SD from the mean. The Model Constraint 

command was used to test whether simple slopes differed significantly from 0, to test whether 

predicted means at conditional values differed significantly from the sample mean (i.e., 

grandmean) of each outcome, and to identify regions of significance. Predicted means were 

compared to one another and to sample mean in units of SDs. R2s were calculated to determine 

sizes of significant effects (Sullivan & Feinn, 2012). 
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Chapter 4: Results of Study I 

Preliminary Analyses 

 Across SM and non-SM groups, youth obtained 7 hours and 31 minutes of sleep per night 

average (Table 1.1). Across parameters, sleep varied by sociodemographic characteristics. In the 

full sample, individuals assigned female at birth had longer and more-efficient sleep, awoke 

fewer minutes of the night, had later sleep midpoint, and had more variability in sleep minutes 

and midpoint compared to youth assigned male at birth (Table 1.2). Sleep also varied by 

ethnicity and race (Tables 1.3–1.4). On average, non-Hispanic Asian youth had lower sleep 

efficiency than youth from all other ethnicities and races, as well as higher WASO than 

Hispanic, Black, and multiethnic/multiracial youth. Asian and non-Hispanic White youth had 

higher WASO and earlier sleep midpoint than Hispanic youth and less variability in sleep 

minutes than multiracial/multiethnic youth. Non-Hispanic Black youth had fewer sleep minutes, 

higher sleep efficiency, less WASO, and more variability in sleep minutes than all other youth, 

as well as later sleep midpoint than Asian, White, and multiethnic/multiracial youth and more 

variability in sleep midpoint than Hispanic, Asian, and White youth. No ethnic/racial differences 

were observed in sleep latency. 

 More advanced pubertal status was associated with fewer sleep minutes, higher sleep 

efficiency, less WASO, longer sleep latency, later sleep midpoint, and more variability in sleep 

minutes and midpoint (Table 1.5). Youth from families with lower income had fewer sleep 

minutes, higher efficiency, less WASO, later sleep midpoint, and more variability in sleep 

minutes and midpoint. 

 Among SM youth, anxious/depressive symptoms and rule-breaking behavior did not vary 

by sex assigned at birth, but individuals assigned male at birth had more aggressive behavior 
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than those assigned female at birth (Table 1.2). Mental health did not vary by pubertal status, 

family income, or waist circumference (Table 1.5). In general sleep was not associated with 

mental health, but more variability in sleep midpoint was moderately correlated with more 

aggressive and rule-breaking behavior. SM youth who experienced discrimination in the past 12 

months had greater variability in sleep minutes and midpoint than SM youth who did not 

experience discrimination (Table 1.6); other sleep variables and mental health indices did not 

vary by discrimination.  

Mean Comparisons of SM and Non-SM Youth Sleep 

 On average, SM youth slept 8.33 fewer minutes per night, had 0.32% more efficient 

sleep, woke 2.69 fewer minutes per night, had a sleep midpoint 22 minutes later, and had greater 

variability in sleep minutes and midpoint (0.02 and 0.01, respectively) compared to non-SM 

youth (Table 1.7). All such differences were consistent across unadjusted models and models 

adjusted for sex assigned at birth, pubertal status, race, family income, waist circumference, as 

well as models that were additionally adjusted for anxious/depressive symptoms. Sleep latency 

did not differ between SM and non-SM youth in either model.  

Relations Between Discrimination and Mental Health Among SM Youth 

 Across models controlling for sex assigned at birth, pubertal status, race, family income 

and waist circumference, discrimination was not independently associated with 

anxious/depressive symptoms, aggressive behavior, or rule-breaking behavior (Tables 1.8–1.14).  
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Sleep as a Moderator of Relations Between Discrimination and Mental Health Among SM 

Youth 

Sleep Minutes 

 Among SM youth, sleep minutes was not associated with anxious/depressive symptoms, 

aggressive behavior, and rule-breaking behavior (Table 1.8). Further, sleep minutes did not 

moderate the association between anxious/depressive symptoms or rule-breaking behavior. 

However, the relationship between discrimination and aggressive behavior was moderated by 

sleep minutes. For SM youth with shorter sleep, equivalent to 6 hours and 42 minutes on average 

per night, discrimination was unrelated to aggressive behavior (Figure 1.1). Among SM youth 

with longer sleep, equivalent to 8 hours and 4 minutes, a positive association between 

discrimination and aggressive behavior was observed. Among youth who experienced 

discrimination, longer-sleeping youth displayed 0.54 SD more aggressive behavior than shorter-

sleeping SM youth, a level that was 0.32-SD higher than the sample mean for all youth, Δχ2 (1) = 

22.50, p < .001, while shorter-sleeping youth had aggressive behavior below the sample mean, 

Δχ2 (1) = 11.73, p < .001, a 0.22-SD difference. Analysis of regions of significance showed that 

the relationship between discrimination and aggressive behavior was non-significant below 7.91 

hours per night; 79.62% of SM youth (n = 168) fell in this range. The interaction of 

Discrimination x Sleep Minutes accounted for 3.30% of the variance in aggressive behavior. 

Sleep Efficiency 

 Sleep efficiency was not associated with anxious/depressive symptoms, aggressive 

behavior, or rule-breaking behavior (Table 1.9). Sleep efficiency was not a moderator of 

relations between anxious/depressive symptoms or aggressive behavior. Sleep efficiency was 

observed to moderate the association between discrimination and rule-breaking behavior. Among 
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SM youth with lower sleep efficiency, equivalent to 87.24%, a positive slope was observed, 

while the relationship between discrimination and rule-breaking behavior was non-significant for 

SM youth with higher sleep efficiency, equivalent to 90.70%. For youth who experienced 

discrimination, those with less-efficient sleep exhibited 0.55-SD more rule-breaking behavior 

than youth with more-efficient sleep and 0.41-SD more than the sample mean of all SM youth, 

Δχ2 (1) = 34.53, p < .001 (Figure 1.2). SM youth who experienced discrimination and had higher 

sleep efficiency showed rule-breaking scores below the sample mean, Δχ2 (1) = 10.38, p < .01, a 

0.40-SD difference. The relationship between discrimination and rule-breaking behavior was 

non-significant for SM youth with sleep efficiency of 88.04% or above; 72.51% (n = 153) of SM 

youth were in this region. The interaction of Discrimination x Sleep Efficiency explained 2.90% 

of the variance in rule-breaking behavior. 

WASO 

 Direct relations between WASO and mental health were not observed (Table 1.10). 

However, WASO emerged as a moderator of relations between discrimination and both 

indicators of externalizing behavior, aggression and rule breaking. The relationship between 

discrimination and aggressive behavior was positive for SM youth with more minutes of WASO 

(66.90 minutes) but was not significantly different from zero for SM youth with less WASO 

(43.78 minutes; Figure 1.3). Among youth who experienced discrimination, those with a higher 

level of wake minutes had a predicted mean of aggressive behavior that was 0.63 SD greater than 

youth with fewer wake minutes and 0.36 SD above the sample mean for all SM youth, Δχ2 (1) = 

28.31, p < .001. Aggressive behavior for SM youth who experienced discrimination and had less 

WASO was 0.27 SD below the sample mean, Δχ2 (1) = 16.72, p < .001. For SM youth, the 

association between discrimination and aggressive behavior was non-significant at 65.61 minutes 
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per night or less; 81.04% of the SM youth sample (n = 171) were in this region. The interaction 

of Discrimination x WASO accounted for 2.70% of the variance in aggressive behavior. 

 As with aggressive behavior, a positive association between discrimination and rule-

breaking was observed only under the condition of more WASO (Figure 1.4). For SM youth who 

faced discrimination, rule-breaking behavior for those with more WASO was 0.82 SD more than 

their peers with less WASO and 0.50 SD above the sample mean, Δχ2 (1) = 51.99, p < .001. SM 

youth who reported discrimination but had less WASO exhibited rule-breaking behavior 0.32 SD 

below the sample mean, Δχ2 (1) = 21.56, p < .001, a 0.31-SD difference. The relationship 

between discrimination and rule-breaking behavior was non-significant for SM youth who woke 

for 59.64 minutes or less; 66.35% of the sample (n = 140) fell in this region. The interaction of 

Discrimination x WASO explained 4.60% of the variance in rule-breaking behavior. 

Sleep Latency 

 Sleep latency was not associated with anxious/depressive symptoms, aggressive 

behavior, or rule-breaking behavior (Table 1.11). Further, sleep latency did not moderate 

associations between discrimination and mental health. 

Sleep Midpoint 

 Sleep midpoint was not independently associated with mental health and did not function 

as a moderator of relations between discrimination and mental health (Table 1.12). 

Variability in Sleep Minutes 

 No relationship between observed between variability in sleep minutes and 

anxious/depressive symptoms, aggressive behavior, and rule-breaking behavior, neither did 

variability in sleep minutes moderate such relations (Table 1.13). 

  



   
 

49 

Variability in Sleep Midpoint 

 Greater variability in sleep midpoint was associated with higher aggressive behavior and 

more rule-breaking behavior (Table 1.14), accounting for 2.80% and 2.60% of the variance in 

aggressive behavior and rule-breaking behavior, respectively. Variability in sleep midpoint not 

related to anxious/depressive symptoms. Associations between discrimination and mental health 

were not moderated by variability in sleep midpoint. 
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Chapter 5: Discussion of Study I 

 A growing literature of self-report data has established that SM youth have shorter and 

poorer-quality sleep compared to non-SM youth (Butler et al., 2020; Dai et al., 2020; Kann et al., 

2016). This study extends that literature by testing such differences using actigraphy. Because 

sleep has a vital role in maintaining all aspects of health and well-being (Matricciani et al., 

2019), it is important that we understand its nature especially in contexts where sleep may be 

threatened. Such is the case for the sleep of SM youth, which exists in the context of their 

developmental stage and marginalized identities. Regarding the former, adolescence is a period 

of tremendous change in sleep, as circadian timing becomes delayed while time constraints 

remain ever-present, such as school responsibilities and the temptation (or pressure) of social-

media use into late evening hours (Crowley et al., 2018). Short sleep during the week is often 

sought to be made-up for on weekends, causing even more irregularity in sleep duration and 

timing (Boatswain-Jacques et al., 2023). The result of this so-called “perfect storm” is that 

adolescence is the developmental stage when individuals are most likely to have unmet sleep 

needs (Crowley et al., 2018). SM youth may experience an “even more perfect” storm, as 

experiences of marginalization are associated with sub-optimal sleep (Fuller-Rowell et al., 2023; 

Guglielmo et al., 2018).  

As hypothesized, in comparison to their non-SM counterparts, SM youth had shorter 

sleep duration, later sleep timing, and less regularity in duration and timing. The finding of 

shorter sleep duration corroborates with actigraphy what has previously been found with self-

report data in surveillance surveys (Butler et al., 2020). Because self-report sleep data from 

youth can be biased (Short et al., 2012), it is important to obtain verification using objective 

measurement when possible. Actigraphy further allows us to quantify exactly how much shorter 
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the sleep of SM youth is on average – in this sample, 8 fewer minutes per night. While such a 

difference for a single night may have few consequences, the cumulative risk of brief sleep loss 

over time is substantial and accounts for individual differences in mental health and cognitive 

abilities among youth (Gruber et al., 2012; Sadeh et al., 2003).  

Our observation that SM youth have later sleep timing and less regularity in duration and 

timing is novel and of concern given the role of sleep schedule and consistency in youth 

development. Sleep is just one of the body’s numerous functions that are patterned along a 24-

hour rhythm (Haspel et al., 2020). While most of these, such as cortisol, blood pressure, and 

body temperature, are autonomically modulated to rise and fall at predictable times throughout 

the day, sleep is the one circadian process that we can intentionally interrupt by changing our 

sleep-wake behaviors to stay awake later on some days and waking earlier on others. Shifting 

sleep to a later schedule, and varying times of sleep and wake from day to day, impairs other 

circadian processes that are patterned by sleep and wake cycles (Haspel et al., 2020). 

Unsurprisingly, later sleep timing and irregularity in duration and timing are associated with 

poorer academic performance, depressive and anxious symptoms, aggressive and delinquent 

behaviors, obesity, diminished immune functioning, and hypertension, even in adolescence 

(Becker et al., 2017; Fuligni et al., 2018; Matricciani et al., 2019; Morales‐Ghinaglia & 

Fernandez‐Mendoza, 2023; Shochat et al., 2014). Given that adolescence is already a time of 

later and less-regular sleep (Crowley et al., 2018), it is all the more serious that SM youth have 

even later and more irregular sleep than other youth. Across dimensions, findings of less-optimal 

sleep for SM youth are consistent with minority stress theory (Goldbach & Gibbs, 2017) in that a 

developmental outcome is systematically different for members of a marginalized group. 
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 Contrary to hypotheses, SM youth had fewer wake minutes during the night, as well as 

very slightly higher sleep efficiency in unadjusted models that did not control for 

sociodemographic factors. This finding may be understood by the fact that sleep duration and 

WASO sometimes vary as functions of one another. For example, an individual who sleeps for 

four hours has fewer wake minutes during the night than an individual who sleeps for eight 

hours, but this does not mean that the person who slept for four hours had “better” sleep 

(Carskadon et al., 2001). Thus, SM youth in our sample could have fewer minutes of WASO 

because their sleep duration is shorter. However, it also is the case that sleep minutes and WASO 

do not have to covary; a longer-sleeping individual with high WASO could sleep for a shorter 

percentage of the night than a shorter-sleeping individual with less WASO, and this is why the 

field recognizes sleep efficiency as an important indicator of sleep quality (Ancoli-Israel et al., 

2015). While SM youth have shorter sleep duration, they seem to wake less during night, thus 

giving them a slight advantage when it comes to sleep quality. This is the first study to document 

higher-quality sleep for SM individuals (Patterson & Potter, 2019). While SM youth may 

perceive themselves to have more sleep problems in subjective reports (Huang et al., 2018; Li et 

al., 2017), their actigraphy does not reflect this. 

 It is fitting, then, that in models examining relations of discrimination, sleep, and mental 

health among SM youth, a consistent pattern emerged for sleep quality as a moderator for 

relations between discrimination and externalizing behaviors. Consistent with hypotheses, under 

conditions of better-quality sleep (represented by higher efficiency or fewer wake minutes during 

the sleep period), there was no relationship between discrimination and externalizing behaviors, 

demonstrating a protective effect. A similar pattern has been observed among ethnically and 

racially minoritized youth (El-Sheikh, Zeringue, et al., 2022), and is characterized as a 
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protective-stabilizing pattern of resilience (Luthar et al., 2000) because aggressive and rule-

breaking behaviors were consistent across both high (discrimination) and low (no discrimination) 

levels of risk for youth with high-quality sleep. This pattern is consistent with the concept of 

resilience under the context of minority stress (Meyer, 2015). High-quality sleep may function as 

a stress-ameliorating process that counterbalances the stress of discrimination.  

Another pattern was observed across the same models: SM youth who experienced 

discrimination and had poor-quality sleep were at elevated risk for externalizing behaviors. This 

finding of dual risk also was consistent with both hypotheses and prior literature examining 

interactions of discrimination and sleep quality among ethnically and racially minoritized youth 

(El-Sheikh, Zeringue, et al., 2022). This pattern can be described as vulnerable-reactive (Luthar 

et al., 2000) because increased risk for externalizing behavior was conferred only under the 

condition of both discrimination and poor sleep quality. This pattern is consistent with the 

multiplicative risk framework, a model that guided the design and hypotheses of this study. 

Multiplicative risk suggests that several risk factors can function in tandem to jeopardize youth 

development by taxing physiological and psychological systems (Evans et al., 2013).  

 At the physiological level, discrimination represents a stressor (Grasser & Jovanovic, 

2022). When the body experiences stress, multiple systems work together to mount a response 

through a process called allostasis that helps the body to cope with the stressor and then return to 

its normal state, homeostasis (McEwen, 1998). Two such systems are the autonomic nervous 

system, which controls cardiovascular and respiratory activity, and the HPA, which regulates 

hormones like cortisol. Repeated or prolonged (i.e., chronic) activation of these systems 

diminishes their effectiveness and efficiency over time, such that they may underperform when 

needed or may fail to turn off after a stressor is removed (McEwen, 1998). This condition of 
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“wear and tear,” referred to as allostatic load, is an essential link between stress and wellbeing 

(Gunnar & Quevedo, 2007; McEwen, 1998), including children’s mental health (El-Sheikh & 

Hinnant, 2011). Allostatic load is linked with difficulties in emotion regulation, which can cause 

youth to act out behaviorally (Dich et al., 2017). While tentative because it was not measured in 

this study, poor sleep may exacerbate the association between discrimination and externalizing 

behavior by contributing to allostatic load. Like discrimination, insufficient sleep impairs the 

functioning of neural connectivity in the body’s stress-response system (Robinson et al., 2018), 

undermining its ability to efficiently activate and deactivate when confronted with threats like 

discrimination (Grasser & Jovanovic, 2022). Such impairment, in turn, links sleep with poorer 

emotion regulation (Palmer & Alfano, 2017). SM youth who face discrimination and have poor 

sleep thus experience a double hit to their regulatory abilities.  

Though also speculative, interactions between discrimination and sleep can further be 

interpreted in light of cross-domain effects (Evans et al., 2013). Discrimination primarily occurs 

outside of the home (though not exclusively), while sleep occurs inside the home. Thus, an SM 

adolescent could experience discrimination during a school day or at an afterschool activity, but 

then come home to an environment that allows them to sufficiently regulate, including through 

sleep, such that they are able to recover from the stress caused by discrimination (Wang & Yip, 

2020). This represents the protective function of high-quality sleep. Conversely, an adolescent 

could experience discrimination at school and then come home to an environment that does not 

allow their bioregulatory system to return to homeostasis, which could be reflected in or 

worsened by poor sleep, thereby contributing to allostatic load and maladjustment.  

Several additional study findings ran contrary to hypotheses. Sleep duration moderated 

the relationship between discrimination and externalizing behaviors in an unexpected pattern: 
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discrimination was associated with problem behaviors only in the context of longer sleep, while 

shorter sleep was protective against externalizing behaviors in the context of discrimination. This 

finding could align with the proposed idea that shorter, higher-quality sleep is adaptive for SM 

youth (as shorter sleep comes with fewer wake minutes), while longer sleep could come with 

more wake minutes, which was a risk factor for SM youth facing discrimination in this study. 

Next, only sleep duration and quality, but not timing or regularity, moderated the association 

between discrimination and externalizing behaviors. One partial explanation may be the fact that 

SM youth on average had later and more-irregular sleep compared to non-SM youth; therefore, 

protection from these sleep dimensions may not have been available to SM youth (though a 

pattern of risk still would have been expected). While the literature did not support differential 

hypotheses for each sleep parameter, other studies of interactions between discrimination and 

sleep have found similar discrepancies across sleep dimensions. For example, sleep regularity, 

but not duration or quality, moderated the association between discrimination and rule-breaking 

behavior in a study of adolescents (El-Sheikh, Zeringue, et al., 2022). Likewise, sleep quality but 

not duration moderated the link between discrimination and support-seeking behaviors (Wang & 

Yip, 2020). Such differential findings are not surprising given that the various sleep parameters 

examined are related yet discrete constructs (Meltzer et al., 2021); therefore, we do not always 

see consistent effects across them, especially in moderation analyses.  

Additionally, contrary to expectations, sleep was not found to moderate associations 

between discrimination and internalizing symptoms. This finding is inconsistent with previous 

literature, where sleep had a moderating role for depression (El-Sheikh et al., 2016; Yip, 2015) 

and anxiety (El-Sheikh et al., 2016; El-Sheikh, Zeringue, et al., 2022) in the context of 

discrimination. It may be the case that for SM youth, relations between discrimination and 
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internalizing symptoms are moderated by external factors, such as peer and family support 

(Russell & Fish, 2016), that counterbalance discrimination in explicit ways, such as through 

verbal messages of support. Additionally, previous literature on the conjoint influence of 

discrimination and sleep on internalizing symptoms examined depression and anxiety 

independently of one another (El-Sheikh et al., 2016; El-Sheikh, Zeringue, et al., 2022). Our 

internalizing measure did not separate out these two dimensions, potentially leading to the 

differential findings. Sample characteristics including SM status and our measurement of 

discrimination based on SM status, rather than racial/ethnic or general discrimination, could 

further account for inconsistencies between our findings and previous literature.  

Finally, several anticipated main effects also were not observed in the study: 

discrimination and most sleep parameters were not directly associated with internalizing 

symptoms and externalizing behaviors among SM youth. Regarding discrimination and mental 

health, while such main effects have been well-established in the literature (Almeida et al., 2009; 

Russell & Fish, 2016; Wilson & Cariola, 2020), several risk and protective factors have been 

found to moderate this association, including family (Freitas et al., 2016) and peer (Matijczak et 

al., 2021) support and religious participation (Thamrin et al., 2021). Thus, it could be that direct 

associations between discrimination and mental health among SM youth were not observed in 

this study because those relationships were moderated by other unmeasured factors. The same is 

true for associations between sleep and mental health. While an ample literature shows that 

suboptimal sleep is a risk factor for mental health problems among youth generally (Becker et 

al., 2017; Matricciani et al., 2019; Spruyt, 2019), many factors are known to moderate this 

association. These are as wide-ranging as physical activity (Gillis & El-Sheikh, 2019), SES (El-

Sheikh et al., 2010), and interparental conflict (Lemola et al., 2012). Such moderation may have 
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contributed to a lack of main effects in this study. It should be noted that studies linking sleep to 

mental health among youth have been predominated by non-SM samples, but there is no reason 

to expect that sleep would not be associated with mental health among SM youth, especially 

given that such linkages have been demonstrated for SM adults (Butler et al., 2020).  

 This study is limited in its examination of concurrent associations between 

discrimination, sleep, and mental health, which prohibits conclusions regarding causality in 

relationships among variables. Additionally, the sample was weighted disproportionately on two 

key sociodemographic variables relative to the U.S. population: family income sex and assigned 

at birth. In the present study, the full sample of youth skewed toward higher family income, 

while the sample of SM youth alone had an overrepresentation of individuals assigned female. 

Though the ABCD Study took all appropriate steps to ensure that the full sample was 

representative of U.S. youth on sociodemographic characteristics at the time of recruitment, 

including SES (Garavan et al., 2018), the uneven distribution of family income may have been 

due to sampling bias, as urban areas near study sites had median family incomes higher than the 

U.S. median due to local cost of living (Heeringa & Berglund, 2020). Regarding the assigned sex 

distribution among SM youth, it may have been the case that more individuals assigned female at 

birth are comfortable disclosing their sexual identity at ages 10–13 compared to individuals 

assigned male at birth. Generalizability of results could be impacted, especially given that youth 

sleep and mental health are known to vary by both family income and assigned sex (El-Sheikh et 

al., 2020; Gillis et al., 2023); however, both variables were included in models as covariates, and 

all findings reported were over-and-above associations of income and sex with outcomes. 

Finally, generalizability may be limited additionally due to the self-selecting nature of sexual 

identity disclosure. Unlike age, sex assigned at birth, race/ethnicity, and family income, 
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representation of SM status was not part of the ABCD Study’s recruitment. Therefore, the data 

are not considered representative of all SM youth in the U.S.; rather, the SM sample is comprised 

of youth who felt safe identifying as lesbian, gay, or bisexual at age 10–13 on a survey 

administered by the federal government.  

 Future work drawing on multiple waves of data could allow us to examine differences 

between SM and non-SM youth in their trajectories of sleep duration, quality, timing, and 

regularity across adolescence. Such work would add greatly to our understanding of sleep health 

equity for SM youth. Sleep and its trajectories also could then be examined as moderators of the 

prospective association between minority stress and developmental outcomes. As ABCD is a 

longitudinal investigation of youth development, subsequent waves of data will be forthcoming 

that should enable such analyses. Additionally, the present study examined only mental health as 

an indicator of SM youth development associated with discrimination, though other 

developmental domains also are related to discrimination, including cognitive and academic 

performance, positive outcomes (such as self-esteem, affect, mood, and life satisfaction), and 

physical health (Greene et al., 2006; Schmitt et al., 2014; Wang & Yip, 2020). Future 

investigations may consider sleep as a moderator of relations between SM-based discrimination 

and these domains of development. Finally, other health behaviors such as physical activity and 

nutrition could be examined as moderators of associations between discrimination and 

development, in an effort to illuminate other behaviors that SM youth can utilize to protect their 

own health.  

 In sum, the findings of this study fit within a larger literature examining sleep in the lives 

of marginalized youth. As with other minoritized groups, SM youth had overall less-optimal 

sleep: shorter duration, later timing, and less regularity in duration and timing. Yet, another 
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finding – that SM youth seemed to have slightly better sleep quality – pointed to a protective role 

for sleep in the context of marginalization: for SM youth facing discrimination, sleep quality was 

protective against behavioral problems. Taken together, these two sets of findings suggest that 

when other sleep dimensions are stressed, sleep quality may emerge as a type of “saving grace” 

for marginalized youth, helping to reduce the risks associated with minority stress. This finding 

emphasizes the importance of high-quality sleep for youth development, especially in the context 

of discrimination among SM youth.   

  



   
 

60 

Chapter 6: Introduction to Study II 

Physical Activity as a Promotive Factor Against Sleep Disturbances for  

Transgender and Gender-Diverse Youth 

Transgender and gender-diverse (TGD) youth are more likely than non-TGD peers to 

report shorter sleep duration and poorer sleep quality (Levenson et al., 2021). Even in non-

clinical samples, sleep disturbances in adolescence can interfere with key developmental 

domains, including academic performance, psychosocial adjustment, and physical health (Chaput 

et al., 2016; Matricciani et al., 2019; Spruyt, 2019). Given increased risk of impairment to each 

of these domains for TGD youth in the context of minority stress (Connolly et al., 2016; Hafeez 

et al., 2017; Poteat et al., 2014), it is incumbent upon researchers to identity promotive factors 

that protect the wellbeing of TGD youth (Colpitts & Gahagan, 2016; Stieglitz, 2010). Physical 

activity is one such promotive factor that is associated with longer (Philbrook & El-Sheikh, 

2016) and better-quality (Kalak et al., 2012) sleep among adolescents and that has been shown to 

decrease inequities in sleep for historically minoritized individuals (Gillis et al., 2021). The 

present study examines physical activity as a moderator of relations between TGD status and 

sleep. 

TGD Youth and Sleep Inequities 

TGD Status 

 Transgender or gender-diverse references a wide array of individuals whose gender 

varies from their sex assigned at birth, or whose gender does not align with the strict dichotomy 

of female/male or feminine/masculine (Rosenthal, 2016; Thorne et al., 2019). There is rich 

diversity among individuals in this group. Transgender describes persons whose gender identity 

differs from their sex assigned at birth. Some transgender (or trans for short) individuals alter the 
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presentation of their gender (such as through name, pronouns, clothing, and physical appearance, 

among many other expressions of gender) so that their gender is fully embodied for themselves 

and accurately understood by others. Like all persons, trans individuals’ genders might be 

masculine, feminine, both, or neither. The latter experiences – having aspects of both feminine 

and masculine genders, or of understanding oneself as not having a gender – are represented by 

the term gender diverse, which is also referred to as gender-expansive, gender-minority, or 

genderqueer (Thorne et al., 2019). Reflective of having a gender that crosses dichotomous 

female/male categories, some gender-diverse individuals describe their gender as nonbinary. 

Recent population-level data estimates that approximately five percent of U.S. individuals in the 

U.S. born between 1993 and 2004 identify as a gender other than the one they were assigned at 

birth, including about two percent who identify as transgender and three percent who are 

nonbinary (Pew Research Center, 2022). 

Dimensions of Sleep 

 A rich literature on sleep health recognizes the multidimensionality of sleep (Buysse, 

2014; Meltzer et al., 2021; Sadeh, 2015). Sleep can have long or short duration, better or worse 

quality, and earlier or later timing. Each of these can have more or less regularity or variability 

over a period of time. In this study, the phrase sleep disturbance is used as a broad term to 

describe what is generally considered less-optimal sleep in any of the four dimensions: short 

sleep duration, poor-quality sleep, late sleep timing, or less regularity (Matricciani et al., 2019). 

Dimensions of sleep are distinct from one another, yet they are related, and at times operate in 

tandem with one another (El-Sheikh et al., 2019). Therefore, researchers are advised to consider 

multiple sleep parameters in their studies (Sadeh & El-Sheikh, 2015). A reliable and valid way to 

assess sleep objectively is through the use of an actigraph, a small device that can be worn on the 
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wrist and which uses changes in activity to define periods of sleep or wake (Fekedulegn et al., 

2020; Sadeh, 2015). This enables the identification of a number of important sleep parameters 

(Ancoli-Israel et al., 2015). Sleep duration is defined by sleep minutes (the number of minutes 

scored as sleep from onset to wake excluding periods of wakefulness). Sleep quality can be 

operationalized as sleep efficiency (percentage of sleep minutes from onset to wake that are 

identified as sleep), wake after sleep onset (WASO; the number of minutes that are coded as 

wake between sleep onset and offset), and sleep latency (the number of minutes between the first 

sleep attempt and the onset of sleep; in other words, how long it takes to fall asleep). Sleep 

timing can be identified by sleep midpoint (the clock time midway between sleep onset and 

offset). Sleep regularity can be measured by the relative variability in sleep minutes and 

variability in sleep midpoint across multiple nights (intraindividual SD/M; a coefficient of 

variability across nights of consideration; Snedecor & Cochran, 1989). These parameters are 

well-recognized in the literature (Meltzer et al., 2021).  

Relations between TGD Status and Sleep 

 Studies of sleep among TGD youth are rare (Butler et al., 2020; Patterson & Potter, 

2019). In fact, only one known study to date has isolated a TGD youth sample to examine sleep 

inequities against a non-TGD, non-sexual minority (SM) comparison group (Levenson et al., 

2021). Using self-reported sleep duration and a single-item dichotomized rating of sleep quality, 

Levenson and colleagues (2021) found that TGD youth were half as likely to report getting 

enough sleep (defined as 8–10 hours per night on average) and twice as likely to report poor-

quality sleep compared to non-TGD peers.  

Other studies have examined sleep among TGD adults. Gender-diverse individuals 

reported very short sleep duration (fewer than 5 hours per night by self-report) at higher rates 
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than non-TGD sexual minority individuals (Dai & Hao, 2019). For TGD individuals, lower self-

reported sleep quality is associated with lower health-related quality of life (Auer et al., 2017). In 

qualitative studies, TGD adults have indicated their sleep quality has been negatively impacted 

by symptoms of anxiety and depression, feelings of anatomical dysphoria, and negative thoughts 

related to society’s perception of their gender identity (Harry-Hernandez et al., 2020).  

Consequences of Sleep Disturbances in Childhood 

 Sleep is a key indicator of overall wellbeing (Hale et al., 2020), and sleep disturbances 

are harmful to child development in the areas of cognitive/academic functioning, psychosocial 

adjustment, and physical health (Beebe, 2011; Chaput et al., 2016; Matricciani et al., 2019; 

Shochat et al., 2014; Spruyt, 2019). Experimental studies of youth have demonstrated that brief 

sleep restriction by one hour per night for a week is associated with less-efficient attentional 

processing (Dutil et al., 2018), and that sleep restriction down to four hours in a single night 

impairs limbic activity, reduces cognitive processing abilities, and reduces communication 

between the cognitive and emotional centers of the brain, leading to poorer decision-making 

skills (Robinson et al., 2018). By contrast, sleep extension by 30 minutes per night is associated 

with improvements (that is, reductions) in emotional lability and impulsive behavior (Gruber et 

al., 2012), as well as improvements in working memory and reaction times (Sadeh et al., 2003). 

In cross-sectional and longitudinal studies, sleep disturbances are present among youth 

experiencing impairments to attention, memory, executive function, and overall cognitive 

performance (Short et al., 2018); internalizing symptoms of depression and anxiety (Baddam et 

al., 2018); externalizing behavior problems like delinquency and substance use (Shochat et al., 

2014); and markers of physical illness such as lower ratings of general health, greater somatic 

complaints, higher body adiposity, and cardiometabolic risk factors (Chaput et al., 2016; 
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Matricciani et al., 2019; Shochat et al., 2014). Across developmental stages, chronic sleep 

problems from early childhood and adolescence are predictive of overall general health quality in 

young adulthood controlling for health in childhood (Reidy et al., 2016), and sleep problems in 

middle childhood are associated with depressive and anxious symptoms and delinquent 

behaviors in late adolescence, controlling for childhood adjustment and concurrent sleep 

problems in adolescence (Shimizu et al., 2021). These studies of experimental, correlational, and 

longitudinal associations demonstrate the wide-ranging effects of sleep on child and adolescent 

development and underscore the importance of protecting sleep among youth. 

Physical Activity 

Relations between Physical Activity and Sleep 

Direct effects linking physical activity with sleep are mixed, yet findings point to positive 

relations between physical activity and sleep health. For instance, among youth and young adults 

on average, more physical activity is associated with longer sleep duration (Gerber et al., 2014) 

and shorter sleep latency (that is, falling asleep faster; Kalak et al., 2012). Among adults, better 

self-reported sleep quality is associated with more minutes of combined light, moderate, and 

intense physical activity as measured by a FitBit device (Bisson et al., 2019). Although tests of 

daily associations between physical activity and sleep have often failed to demonstrate a 

temporal direction of effects between daytime physical activity and subsequent nighttime sleep 

(Mead et al., 2019), meta-analyses have estimated small-to-moderate effect sizes linking mean 

physical activity with mean sleep (Driver & Taylor, 2000).  

Moderating Role of Physical Activity 

 While no studies have examined physical activity as a moderator of relations between 

TGD status and sleep, a small literature has demonstrated that physical activity can be protective 
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against negative developmental outcomes in other contexts. For example, among a racially 

minoritized group, Black youth in the U.S. were observed to sleep less than White youth, yet this 

difference was mitigated by more-frequent involvement in physical activity (Gillis et al., 2021). 

In other contexts, Sigfusdottir (2011) found that, among youth exposed to family conflict, 

physically active adolescents reported lower levels of depressive symptoms than more-sedentary 

peers. Similarly, in an intervention study, higher levels of physical activity were associated with 

decreases in symptoms of maladjustment for youth with high perceived stress (Norris et al., 

1992). Together these studies demonstrate the potential for physical activity to moderate 

associations between a contextual factor (in this case, TGD status) and a key developmental 

health outcome (sleep). Importantly, existing moderation studies have relied on self-reported 

physical activity. The present study extends this literature through its use of multiple objective 

indicators of physical activity.  

Objective Measurement of Physical Activity 

 Similar to sleep, patterns of physical activity can be accurately captured through the use 

of a wrist-worn accelerometer (Bagot et al., 2018; Wing et al., 2017). In combination with a 

photoplethysmographic heart rate monitor, units of time (usually 30 seconds or one minute) can 

be categorized by intensity of physical activity relative to rest (Bagot et al., 2018; Dominick et 

al., 2016). The number of steps taken per day also can be estimated (Diaz et al., 2015). In 

pediatric and adult populations, FitBit devices have been shown to have good correspondence 

with objective energy expenditure (Diaz et al., 2015; Wing et al., 2017), intensity of physical 

activity measured by established research-grade accelerometers (Wing et al., 2017), and 

observation of steps by researchers (Diaz et al., 2015; Dominick et al., 2016). 
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Theoretical and Conceptual Frameworks   

Three theoretical and conceptual frameworks provide context for understanding 

inequities in sleep health between TGD and non-TGD youth: gender minority stress theory, 

resilience framework, and multiplicative risk/diathesis–stress models. Gender minority stress, an 

extension of minority stress theory (Flentje et al., 2020; Meyer, 2003), describes two dimensions 

by which having TGD status may have adverse effects on physical health (Tan et al., 2020; Testa 

et al., 2015). External (or distal) stressors include potential for discrimination or non-acceptance 

based on having a gender identity that does not fit within society’s expectation of dichotomous 

female–male gender. Internal (or proximal) stressors include whether and how disclosure of 

one’s gender identity, a lack of agency regarding disclosure, and negative emotions such as 

anxiety that may accompany decisions around gender expression (Testa et al., 2015). For TGD 

youth, non-affirmation of gender – that is, being misgendered through name, pronouns, or nouns 

of address (e.g., sir) – connects the external to the internal; if one’s gender is understood 

incorrectly by another, internal stress increases. Experiences of minority stress, in turn, have 

been linked to negative health outcomes, including self-reported shorter and lower-quality sleep 

(Caceres et al., 2022; Eom et al., 2022; Flentje et al., 2020). Although gender minority stress was 

not measured in the present study, it was used as a guiding theory to understand the potential for 

TGD to have different health outcomes than non-TGD peers. Gender minority stress theory has 

previously been used in the literature to account for associations between TGD status and sleep 

disturbances (Kolp et al., 2020).  

It is important to acknowledge that there are individual differences following stressors, in 

that some children experience a negative downstream consequence following exposure to risk, 

while others do not (Rutter, 1993). For those who do not, it is theorized that they are protected by 
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mechanisms or processes that ameliorate a stressor (Meyer, 2015; Rutter, 1987). Such a 

phenomenon, characterized as resilience, is highlighted especially when a promotive factor 

interrupts or counterbalances a risk process (Luthar et al., 2000; Masten, 2001). The uncovering 

of resilient promotive factors is especially important in research involving TGD youth, as much 

of the early research in this field was deficit-based (Colpitts & Gahagan, 2016). Physical activity 

is one such potential promotive factor given its role in ameliorating risk for youth (Gillis et al., 

2021; Norris et al., 1992; Sigfusdottir et al., 2011). At a neurobiological level, physical activity 

helps the brain in its response to stress by promoting neurotransmitters that alleviate depressive 

symptoms (Pedersen, 2019) and by supporting emotion regulation via cortical thickening (Wu et 

al., 2022). At the psychosocial level, accomplishment-based physical activity could strengthen 

self-efficacy, which further mitigates mood-related symptomology and negative self-valuation 

(Ryan, 2008). Because gender minority stressors convey disempowering and negative messages 

about oneself that have a direct effect on sleep (Caceres et al., 2022), physical activity could play 

a role in interrupting this process by increasing one’s sense of agency and self-esteem while 

mitigating against low mood. Importantly, the presence of such a resiliency process can be 

inferred even when minority stress is not operationalized (Meyer, 2003). Translated to the 

current study, a TGD child “beating the odds” and having sleep that is on average not different 

from a non-TGD peer could be viewed as resilient even though the “stress” of TGD status is not 

measured.  

Additionally, some children experience a second stressor in the context of an initial risk 

factor. This phenomenon, characterized as cumulative or multiplicative risk (Evans et al., 2013) 

and as diathesis–stress (Sameroff, 1983), accounts for the effects of multiple risk factors in the 

life of a child. It suggests that risk of a negative outcome is increased through the interaction of 
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multiple risks, and that initial risks can be exacerbated by secondary stressors (Luthar et al., 

2000). In this study, such dual risk may occur for TGD individuals who obtain low levels of 

physical activity – a type of double jeopardy in which a marginalized identity status interacts 

with behavior to increase risk of a negative health outcome (Tan et al., 2020).  

The Present Study 

The present study had two primary aims. The first was to examine mean differences in 

sleep between TGD and non-TGD youth in early adolescence. Toward a more comprehensive 

assessment of sleep (Sadeh & El-Sheikh, 2015), the first aim utilized a total of seven sleep 

parameters tapping into four dimensions of sleep: duration (indexed by sleep minutes), quality 

(indexed by sleep efficiency, WASO, and sleep latency), timing (indexed by sleep midpoint), and 

regularity (indexed by variability in sleep minutes and variability in sleep midpoint over the 

week). Based on scant available literature, TGD youth were expected to have shorter sleep 

duration and poorer sleep quality than non-TGD peers (Levenson et al., 2021). No specific 

hypotheses were made about differences in sleep timing or regularity given the paucity of 

existing literature linking TGD status to these sleep dimensions.  

A second aim was to examine physical activity as a moderator of relations between TGD 

status and sleep health inequities, responsive to a call in the literature to identify factors that are 

promotive of sleep among TGD individuals (Butler et al., 2020). Toward a more comprehensive 

assessment of physical activity (Hills et al., 2014), we used three indicators of physical activity 

averaged across all days of assessment. (1) Average METs per minute represented overall 

intensity of physical activity. (2) Average number of minutes per day spent in moderate or 

vigorous physical activity provided a quantification of intense physical activity. (3) Average 

number of steps per day were a quantification of cumulative physical activity irrespective of 
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intensity. These are well-acknowledged indicators of physical activity from objective 

measurements (Hills et al., 2014). Based on previous literature demonstrating protective effects 

of physical activity (Gillis et al., 2021), it was expected that under conditions of greater physical 

activity, the association between TGD status and sleep would be attenuated. This would be 

consistent with a resilience framework in which an expected difference on the basis of a 

marginalized identity is not observed under the condition of a promotive factor (Colpitts & 

Gahagan, 2016). At lower levels of physical activity, it was hypothesized that the association 

between TGD status and sleep would be accentuated. Such a finding would be in line with 

previous research showing that a sleep disturbance was most pronounced among members of a 

minoritized group who obtained less physical activity (Gillis et al., 2021), and further would be 

consistent with multiplicative risk (Evans et al., 2013) and diathesis–stress (Sameroff, 1983) 

frameworks.  

Finally, the study is the first of its kind to utilize objective indicators of both physical 

activity and sleep in the study of TGD health inequities. It is timely in that record numbers of 

youth now identify as having TGD status (Pew Research Center, 2022), and that sleep 

disturbances have broad and important downstream consequences (Spruyt, 2019). The study is 

responsive to calls in the literature for elucidation of factors that protect the sleep of TGD youth 

(Butler et al., 2020) and of conditions under which TGD individuals thrive more generally 

(Wilson & Cariola, 2020). The NIH agenda for sleep research calls for integrative science that 

elucidates consequences of sleep health inequities, as well as work that points to potential 

interventions to attenuate differences between minoritized populations and others (National 

Heart, Lung, and Blood Institute, 2021). This agenda builds on a call previously made in the 

report of a workshop on sleep health disparities hosted by the NIH, which indicated the need to 
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understand protective factors of sleep health (Jackson et al., 2020). Finally, this study considers a 

modifiable behavior – physical activity – that helps to place the health of TGD youth in their 

own hands at a time of increasing autonomy in early adolescence. Findings may be incorporated 

into prevention and intervention efforts focused on TGD youth health.  
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Chapter 7: Method of Study II 

Participants 

For the full ABCD Study, a sample of approximately 11,875 youth were recruited 

through elementary schools located near data-collection sites around the United States, which 

were primarily large research universities (Thompson et al., 2019). Families were included if at 

least one parent and the youth spoke English or Spanish fluently. Youth were excluded if they 

had a severe impairment to their development that could invalidate results on key study 

measures, or if they were unable to participate in magnetic resonance imaging. Like similar large 

cohort studies, probability sampling was used to recruit a sample with demographic 

characteristics that resembled the population of the U.S. (Garavan et al., 2018).  

 Youth were ages 9–10 at the time of baseline data collection beginning in 2016. The 

present study, with a cross-sectional design, uses data from the two-year follow-up (September 

2018 to January 2020), which was the first wave at which a large number of youth 

(approximately 4,300) were given FitBit devices for anthropomorphic data collection. The 

analytic sample for the current investigation was comprised of 2,979 youth who had at least 5 

nights of sleep data from the same week (Meltzer et al., 2012; see Measures). Youth in the 

analytic sample ranged in age between 10.08 and 13.58 years (M age = 11.96 years, SD = 7.80 

months); 51.19% were assigned male at birth, and 48.81% assigned female sex at birth). 

Participants had a mode parent-reported pubertal status of mid-puberty (40.39%); 14.36% were 

in pre-puberty, 27.67% in early puberty, 17.27% in late puberty, and 0.31% post-puberty. Parents 

indicated that 19.38% of youth were Hispanic, Latino, or Latina, and 79.42% were non-Hispanic. 

Non-Hispanic racial identities included White (61.29%), Black (7.08%), Asian (2.665), and 

American Indian or Alaska Native (0.20%); 16.07% of youth were multiracial or multiethnic. 
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Most youth (64.96%) were middle class or above based on income-to-needs ratio (see 

Measures); 20.97% were from families living at or near the poverty line, and 14.06% were lower 

middle class. 

Procedure 

The University of California, San Diego Study institutional review board approved study 

procedures for ABCD. Analysis of secondary data for the current study was considered exempt 

from human-subjects protocol by the Auburn University institutional review board. A Data Use 

Certification was signed by Auburn University to obtain data access from the National Institute 

of Mental Health Data Archive. Procedures related only to the current study are described here. 

Youth assented to their participation, and parents provided consent. Families visited a research 

laboratory at one of 21 sites around the country to completed questionnaires on digital tablets 

(Blashill & Calzo, 2019; Karcher & Barch, 2021). Parents provided information regarding family 

demographics, and youth reported on their gender identity. Youth wore a Fitbit Charge HR at 

home continuously for 21 days to provide objective assessments of physical activity and sleep 

(Nelson et al., 2022). 

Measures 

TGD Status 

Youth were coded as being TGD (1 = Yes, 0 = No) if they met one or more of the 

following conditions: if they answered Yes or Maybe to the question, “Are you transgender?;” if 

they responded Not at all, A little, or Somewhat to the question, “How much do you feel like 

[your sex assigned at birth]?;” or if they responded Totally, Mostly, or Somewhat to the question, 

“How much do you feel like [the dichotomous sex opposite to your sex assigned at birth]?” Such 

a multi-step approach – sex assigned at birth in relation to aspects of current, self-affirmed 
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gender identity is in line with recommendations in of the field (Calzo & Blashill, 2018; Heidari 

et al., 2016; Patterson et al., 2017).  

Physical Activity 

Objective physical activity data were gathered using FitBit Charge HR devices. Three 

indicators of physical activity were extracted by Fitabase (Small Steps Labs, San Diego, CA). 

Average daily metabolic equivalents of task (METs) per minute (METs/minute) and average 

number of daily minutes spent in moderate-to-vigorous physical activity (MVPA) are established 

measures of intensity of physical activity (Maher & Olds, 2011). Average number of daily steps 

is a commonly understood measure of physical activity (Diaz et al., 2015; Franzen-Castle et al., 

2017).  

Sleep 

Sleep data were collected by FitBit Charge HR devices and scored and extracted by 

Fitabase. Sleep duration was measured by sleep minutes (the average number of minutes 

determined to be asleep from sleep onset to wake). Measures of sleep quality included sleep 

efficiency (the quotient of sleep minutes divided by the number of minutes from onset to wake, 

represented as a percentage), WASO (the number of wake minutes between onset and wake), and 

sleep latency (the average nightly minutes from first minute in bed until sleep onset). Sleep 

timing was indicated by the average midpoint or middle minute (clock time) between sleep onset 

and wake. Sleep regularity was indexed by variability in sleep minutes (intra-individual SD/M of 

sleep minutes for each individual; Snedecor & Cochran, 1989) and variability in sleep midpoint 

(SD/M of sleep midpoint for each individual) over the weeks of sleep assessment. Sleep minutes, 

WASO, time in bed, sleep onset, and wake were generated by Fitabase and are consistent with 

definitions used in a study validating the Fitbit Charge HR device against polysomnography (de 
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Zambotti et al., 2015). Sleep efficiency and latency were calculated in a manner consistent with 

the same study (de Zambotti et al., 2015) and with best practices (Fekedulegn et al., 2020). The 

calculations for sleep midpoint and for variability in minutes and midpoint are commonly used in 

the field (Becker et al., 2017; Randler et al., 2019). Sleep data were included for participants 

with at least five nights of FitBit wear, consistent with best practices in the field (Meltzer et al., 

2012). Participants had on average 12.46 nights of wear (SD = 5.78 nights).  

Controls 

Youths’ sex assigned at birth (female or male), pubertal status, race, family income, and 

size of household were reported by a parent at the time of data collection. The widely used 

Pubertal Developmental Scale (Petersen et al., 1988) was used to collect pubertal status through 

the assessment of milestones in the development of physical secondary sex characteristics. A 

common indicator of SES, family income-to-needs ratio (Diemer et al., 2013), was calculated by 

dividing family income by the federal poverty threshold for a given household size (U.S. 

Department of Commerce, 2019). Research staff obtained each participants’ waist circumference 

in inches using a measuring tape during in-person data collection; this is a valid estimate of body 

adiposity among youth (Bixler et al., 2009). Parents’ reported on youth anxious/depressive 

symptoms using the 13-item anxious/depressive syndrome scale of the Child Behavior Checklist 

(see Appendix for full measure; Achenbach & Rescorla, 2001). Covariates were included in 

analyses due to systemic variation in sleep by each variable (Bixler et al., 2009; El-Sheikh, 

Gillis, et al., 2022; Guglielmo et al., 2018; Kelly et al., 2022; Lucien et al., 2021; Storfer‐Isser et 

al., 2012).  
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Plan of Analysis 

 Preliminary data analysis were performed in SPSS 29 (International Business Machines 

Corporation, Armonk, NY). Measures of central tendency and distribution were examined. 

Mahalanobis distance was used to identify extreme outliers in continuous independent variables 

(i.e., physical activity parameters). Twenty-six observations (4 for METs/minute, 19 for MVPA, 

and 3 for steps) were trimmed to the next-highest observation to strengthen normality (Kline, 

2011); trimmed observations accounted for 0.30% of physical activity data. To carry out the first 

aim of the study, a multivariate analysis of covariance evaluated whether means of each sleep 

variable differed between groups of TGD and non-TGD youth in three steps. An unadjusted 

model compared mean differences without covariates; an initial adjusted model controlled for 

sex assigned at birth, pubertal status, race, family income, and waist circumference; and an 

additional adjusted model used the same covariates along with anxious/depressive symptoms in 

order to account for differences in sleep that may be accounted for by mental health concerns 

(Kelly et al., 2022). Other analyses of TGD sleep have utilized a similar sequential set of 

controls (Levenson et al., 2021). 

 For the second aim of the study, moderation analyses were conducted in Mplus 8.1 

(Muthén & Muthén, Los Angeles, CA). Interaction terms representing the product of TGD Status 

x Physical Activity were created for each measure of physical activity. Sleep variables were 

regressed independently onto each interaction term, controlling for sex assigned at birth, pubertal 

status, race, family income, and waist circumference. All exogenous variables were mean-

centered in analyses. Significant interactions were plotted at one SD above and below the mean, 

and simple slopes were estimated in Mplus using the Model Constraint command. Differences in 

predicted means were evaluated through chi-square difference testing from intercepts (i.e., 
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grandmeans). Regions of significance were calculated in Mplus. Magnitudes of effects were 

characterized through conventional effect sizes (Sullivan & Feinn, 2012) and through the 

distance of prototypical-value predicted means from the sample mean in units of SDs. 
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Chapter 8: Results of Study II 

Preliminary Analyses 

 Across both TGD and non-TGD youth, on average adolescents obtained 36 minutes of 

moderate-to-vigorous physical activity each day and walked 9,644 steps (Table 2.1). Youth slept 

7.51 hours per night (sleep minutes) and woke for an additional 58 minutes per night (WASO) 

on average. Youth took approximately 7 minutes to fall asleep, and the average midpoint of sleep 

was 3:14am. Importantly, some indicators of sleep and physical activity varied by demographic 

characteristics. Across the full sample of TGD and non-TGD youth, those assigned male at birth 

were more physically active than those assigned female at birth on each parameter of physical 

activity (Table 2.2). Compared to youth assigned male at birth, individuals assigned female at 

birth had longer sleep duration and better sleep quality (higher efficiency and fewer wake 

minutes), but later sleep schedule and more variability in sleep duration and schedule; youth did 

not differ in sleep latency by sex assigned at birth. Hispanic youth were less physically active 

than other youth, including fewer minutes of MVPA than White adolescents and fewer steps than 

non-Hispanic Asian, non-Hispanic White, and multiethnic/multiracial youth; no ethnic or racial 

groups differed in METs/minute (Table 2.3).  

Youth with more advanced puberty were less physically active across all indicators and 

had less-optimal sleep across multiple indicators, including shorter sleep duration, taking longer 

to fall sleep, a later sleep schedule, and more variability in sleep duration and schedule; they did, 

however, have better sleep quality (higher efficiency and fewer wake minutes; Table 2.4). 

Compared to higher-SES youth, lower-SES adolescents were less physically active across all 

indicators and had less-optimal sleep across multiple parameters, including shorter sleep 

duration, later sleep schedule, and more variability in sleep duration and schedule; however, 
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lower-SES youth had better sleep quality. Physical activity variables were strongly associated 

with one another. In addition, across all physical activity indicators, more physical activity was 

associated with falling asleep faster and earlier and having more regularity in sleep duration and 

schedule; more physical activity also was associated with lower sleep efficiency and more wake 

minutes during the night. Correlations among sleep variables were small-to-large. Notably, 

longer sleep duration was associated with poorer sleep quality (lower efficiency and more wake 

minutes), earlier sleep schedule, and more-regular sleep. Earlier sleep schedule was associated 

with more regularity. TGD youth were less physically active than non-TGD youth by each 

indicator of physical activity (Table 2.5).  

Mean Comparisons of TGD and Non-TGD Youth Sleep 

 TGD youth slept for 7.29 hours per night on average, which was 13.67 fewer minutes 

than non-TGD youth. TGD individuals had 2.50 fewer wake minutes during the night, had a 

sleep midpoint that was 16 minutes later in the night, and had greater variability in sleep minutes 

(a 0.03 difference) and midpoint (a .01 difference) in comparison to TGD youth (Table 2.6). In 

models adjusted for sex assigned at birth, pubertal status, race, family income, waist 

circumference, and anxious/depressive symptoms, three sleep differences remained: TGD youth 

continued to have later sleep midpoint, more variability in sleep minutes, and more variability in 

sleep midpoint. Sleep efficiency and sleep latency did not vary between TGD and non-TGD 

youth in either unadjusted or adjusted models.  

Main Effects of TGD Status on Sleep 

 In models controlling for sex assigned at birth, pubertal status, race, family income, and 

waist circumference, TGD status was not associated with any sleep parameter (Tables 2.7–2.18).  
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METs/Minute 

Main Effects of METs/Minute on Sleep 

 METs/minute were not associated with any sleep parameter (Tables 2.7–2.10). 

METs/Minute as a Moderator of Relations between TGD Status and Sleep 

 METs/minute moderated the association between TGD status and sleep minutes (Table 

2.7). As demonstrated by simple slope analyses, under conditions of more METs/minute (1 SD 

above the mean), there was no association between TGD status and sleep minutes (Figure 2.1). 

TGD youth with higher METs/minute slept 19.87 more minutes per night than TGD youth with 

lower METs/minute, a difference of 0.53 SD, and 4.06 minutes longer than the mean for all 

youth, a 0.11-SD difference, Δχ2 (1) = 32.30, p < .001. At lower METs/minute (1 SD below the 

mean), a significant relationship between TGD status and sleep minutes was observed, with TGD 

youth sleeping 15.81 fewer minutes per night on average than the mean for all youth, a 

difference of 0.42 SD, Δχ2 (1) = 538.45, p < .001. Among TGD youth, individuals with more 

METs/minute slept 19.86 more minutes per night than youth with lower METs/minute, a 

difference of 0.53 SDs. Analysis of regions of significance showed that the relationship between 

TGD status and sleep minutes was non-significant for youth who obtained an average of 1.99 

METs/minute or higher each day; 38.89% of TGD youth were in this region. The interaction of 

TGD Status x METs/Minute accounted for 0.1% of the variance in sleep minutes.  

 METs/minute did not moderate associations between TGD status and sleep efficiency, 

WASO, latency, midpoint, variability in sleep minutes, or variability in sleep midpoint (Tables 

2.8–2.10).  
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MVPA 

Main Effects of MVPA on Sleep 

 Average daily minutes of MVPA were unassociated with sleep minutes (Table 2.11), 

negatively associated with sleep efficiency (Table 2.12), positively associated with WASO, 

negatively associated with sleep latency, negatively associated with sleep midpoint (Table 2.13), 

negatively associated with variability in sleep minutes (Table 2.14), and unassociated with 

variability in sleep midpoint. 

MVPA as a Moderator of Relations between TGD Status and Sleep 

 MVPA moderated relations between TGD status and sleep minutes (Table 2.11). At 

greater MVPA (1 SD above the mean, or an average of 65.78 minutes per day), there was no 

association between TGD status and sleep minutes (Figure 2.2). Among TGD youth, those with 

greater MVPA slept 16.69 minutes longer than those with less MVPA, a 0.45-SD difference, a 

sleep duration that did not differ from the sample mean, Δχ2 (1) = 0.59, p = .44. With less MVPA 

(1 SD below the mean, or an average of 6.60 minutes per day), the association between TGD 

status sleep minutes was negative, with TGD individuals sleeping 15.94 fewer minutes per night 

than the sample mean, a difference of 0.43 SD, Δχ2 (1) = 542.68, p < .001. The relationship 

between TGD status and sleep minutes was non-significant for youth who obtained at least 35.96 

minutes of MVPA per day on average; 25.56% of TGD youth had this level of physical activity 

or above. The interaction of TGD Status x MVPA explained for 0.1% of the variance in sleep 

minutes.  

 MVPA also moderated relations between TGD status and sleep latency (Table 2.12). 

Simple slope analyses showed that under the condition of more minutes of MVPA, the 

association between TGD status and sleep latency was non-significant (Figure 2.3). TGD youth 
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with greater MVPA took 1.25 minutes longer than the sample mean to fall asleep, Δχ2 (1) = 

184.57, p < .001, a 0.26-SD difference. Under the condition of fewer MVPA minutes, sleep 

latency was negatively associated with TGD status. TGD youth with less MVPA fell asleep 2.32 

minutes faster than TGD youth with greater MVPA, a 0.47-SD difference, and 1.25 minutes 

faster than the mean for all youth, a Δχ2 (1) = 146.09, p < .001, a difference of 0.26 SD. Regions 

of significance showed that there was no relationship between TGD status and sleep latency for 

youth who had 15.46 or more minutes of MVPA each day on average; 54.44% of TGD youth 

were in this range. The interaction of TGD Status x MVPA accounted for 0.2% of the variance in 

sleep latency. 

 MPVA did not moderate associations between TGD status and sleep efficiency, WASO, 

midpoint, variability in sleep minutes, or variability in sleep midpoint (Tables 2.12–2.14).  

Steps 

Main Effects of Steps on Sleep 

 More average daily steps were negatively associated with fewer sleep minutes (Table 

2.15), lower sleep efficiency (Table 2.16), shorter sleep latency, earlier sleep midpoint (Table 

2.17), less variability in sleep minutes (Table 2.18), and more variability in sleep midpoint. Steps 

were unassociated with WASO (Table 2.16).  

Steps as a Moderator of Relations between TGD Status and Sleep 

 Steps moderated relations between TGD status and sleep minutes (Table 2.15). At 12,700 

average steps (a number equivalent to 1 SD above the mean for the full sample), sleep minutes 

did not vary by TGD status (Figure 2.4). TGD youth who took more steps did not differ from the 

sample mean in their sleep minutes, Δχ2 (1) = 1.32, p = .25, but slept 13.79 minutes longer per 

night than TGD who took fewer steps, a difference of 0.37 SD. Under conditions of fewer steps 
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(6,589, or 1 SD below the mean), a negative slope was observed. TGD youth with fewer steps 

slept 14.29 fewer minutes per night than the sample mean, a 0.38-SD difference, Δχ2 (1) = 

445.97, p < .001. The relationship between TGD status and sleep minutes was non-significant for 

youth who took at least 9,517 steps each day on average; 31.11% of TGD youth were in this 

range. The interaction of TGD Status x Steps explained for 0.1% of the variance in sleep 

minutes. 

 Steps did not moderate associations between TGD status and sleep efficiency, WASO, 

latency, midpoint, variability in sleep minutes, or variability in sleep midpoint (Tables 2.16–

2.18). 
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Chapter 9: Discussion of Study II 

 Sleep is unique among health behaviors. It is critical, compulsory, and quick-acting as a 

catalyst for wellbeing. As a bioregulatory function, it affects nearly every biological process in 

the body, including cellular growth, metabolism, and the production of enzymes and hormones 

that drive organ function (Cirelli & Tononi, 2008; Haspel et al., 2020). Unfortunately, systemic 

differences in sleep become pathways through which health inequities are mediated between 

groups of people (Hale et al., 2020). This study placed sleep health equity at the forefront of two 

aims: to examine differences in multiple dimensions of sleep between TGD and non-TGD youth, 

and to identify factors that promote the sleep of TGD youth. 

 As hypothesized, TGD youth slept 14 fewer minutes per night on average than non-TGD 

youth in unadjusted models. This difference adds up to more than an hour and a half of less sleep 

over the course of a week, and six and a half hours over the course of a month – nearly 

equivalent to a full night of sleep. On a daily basis, sleep deprivation has been linked to changes 

in neurological connectivity affecting emotion regulation (Robinson et al., 2018) and cognition 

(Dutil et al., 2018). Sleep loss also has an impact on neuroendocrine function affecting glucose 

and hunger (Leproult & Van Cauter, 2009) and on cardiometabolic regulation (Quist et al., 

2016). Thus, accumulated sleep debt in TGD youth could have a negative influence on their 

mental health, academic performance, and physical well-being (Matricciani et al., 2019). This 

finding based on objective measures of sleep is consistent with a previous study showing that 

TGD youth had fewer self-reported hours of sleep per night, as well as higher odds of feeling 

they do not get enough sleep, in comparison to non-TGD youth (Levenson et al., 2021). 

 Contrary to previous literature in which TGD youth were more likely than non-TGD 

peers to subjectively rate their sleep quality as poor (Levenson et al., 2021), TGD youth in this 
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sample had slightly better sleep quality, as indicated by fewer wake minutes during the night in 

unadjusted models. It is not uncommon to observe discrepancies between objective and 

subjective ratings of sleep quality (El-Sheikh et al., 2019). Nevertheless, it may be the case that 

in the context of short sleep duration, better sleep quality emerges as an adaptation for TGD 

youth. Previous work has shown that high-quality sleep has a compensatory role that offsets the 

association between short sleep duration and negative developmental outcomes (El-Sheikh et al., 

2019; Meijer et al., 2010). 

Notably, after controlling for sociodemographic variables and internalizing symptoms, 

differences in sleep duration and quality based on TGD status were no longer evident. In 

Levenson ‘s (2021) study of TGD youth, a difference in sleep duration was attenuated by similar 

controls. It is important to consider that the inclusion of covariates in tests of mean differences 

aims to reduce the amount of unexplained variance in dependent variables before testing 

differences related to the variable of interest, thus removing confounding explanations for such 

differences. In this case, TGD-related disparities in sleep duration and quality were not observed 

after accounting for sex assigned at birth, pubertal status, race, family income, waist 

circumference, and anxious/depressive symptoms. This does not mean that TGD youths’ sleep 

duration and quality do not differ from non-TGD youth (indeed, mean differences were 

observed), but rather may suggest that differences in sleep may be due in part to 

sociodemographic characteristics and mental health. In our sample TGD youth had lower family 

income, higher waist circumference, and more anxious/depressive symptoms, consistent with 

other samples (Fornander et al., 2022; Price-Feeney et al., 2020). Each of these variables are 

associated with sleep in adolescence (Buckhalt, 2011; Kelly et al., 2022; Morrissey et al., 2020). 

It may be the case that TGD/non-TGD differences in sleep are driven by factors such as SES, 
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adiposity, and mental health, which vary systemically among TGD populations (Fornander et al., 

2022; Price-Feeney et al., 2020).  

 Given a lack of published data related to sleep timing and regularity among TGD youth, 

specific hypotheses about relations between TGD status and these sleep parameters were not 

formulated. However, inequities in timing and regularity were observed and remained significant 

even after controlling for sociodemographic variables and internalizing symptoms. Compared to 

non-TGD participants, TGD youth had a later sleep midpoint, indicative of falling asleep and 

waking at later times, and less regularity in the duration and timing of their sleep. Timing and 

regularity are key dimensions of sleep because they are the gears on which multiple homeostatic 

circadian processes turn, including blood pressure, body temperature, and stress response 

(Haspel et al., 2020). An established literature on sleep timing has shown that later sleep and 

wake times in adolescence are associated with a host of physical health concerns, including 

poorer lipid and glucose profiles and higher body adiposity, blood pressure, and inflammation 

(Matricciani et al., 2019; Morales‐Ghinaglia & Fernandez‐Mendoza, 2023; Quist et al., 2016). A 

growing literature has identified similar findings for sleep irregularity, which is night-to-night 

variation in sleep timing and duration beyond mean times (Becker et al., 2017). The 24-hour 

rhythm reflected in and maintained by sleep underpins our most basic biology (Haspel et al., 

2020). Irregularity in sleep patterns, characterized by inconsistency in sleep duration from night 

to night, or fluctuations in wake times across days, can result in circadian disturbances that affect 

more than just sleep/wake cycles.  

 The second aim of this study sought to identify protective factors for the sleep of TGD 

youth. Supportive of hypotheses, physical activity moderated relations between TGD status and 

sleep duration in a consistent pattern across all three measures of physical activity. Under 
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conditions of higher METs/minute, more MVPA, or more steps, TGD status was unrelated to 

sleep duration. This is indicative of a protective-stabilizing role (Luthar et al., 2000) for physical 

activity; among those who were more physically active, there was no observed difference in 

sleep duration between TGD and non-TGD youth. Assuming that the disparity in sleep duration 

for TGD youth is due to the presence of gender minority stress, it may be the case that physical 

activity interrupts this pathway. It could do so in several ways. Physical activity may increase 

one’s sense of agency and control through perceptions of self-competence (Lubans et al., 2016). 

It may improve mood, both momentarily by releasing endorphins and neurotransmitters such as 

dopamine and serotonin (Paluska & Schwenk, 2000), and long-term by alleviating depressive 

symptoms (McPhie & Rawana, 2015) and enhancing neurological structures supporting emotion 

regulation (Valkenborghs et al., 2019). It also can alter one’s physical appearance (Lubans et al., 

2016), which is a mechanism that can be used to increase gender euphoria (Smith, 2023). The 

identification of a factor that mitigates sleep inequities is responsive to multiple NIH 

recommendations (Jackson et al., 2020; National Heart, Lung, and Blood Institute, 2021), and it 

situates this study within a public health literature that is seeking to strengthen sleep health 

equity (Hale et al., 2020). Furthermore, this finding is consistent with a previous study showing 

that physical activity ameliorates differences in sleep duration among historically minoritized 

youth (Gillis et al., 2021), and it supports the notion that physical activity serves as a resilience 

factor in the context of gender minority stress (Meyer, 2015; Tan et al., 2020; Testa et al., 2015). 

 In the same models, a pattern of risk was also observed, consistent with hypotheses. TGD 

youth who exhibited lower METs/minute, engaged in less moderate-to-vigorous physical 

activity, or took fewer steps had shorter sleep duration compared to both TGD youth with higher 

physical activity levels and non-TGD youth regardless of their physical activity levels. 
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Interestingly, however, the predicted sleep duration for TGD youth with low physical activity 

was not substantially lower than the mean of sleep duration for all TGD youth. This could be 

interpreted in one of two ways. First it could indicate that low physical activity does not confer 

an additional risk for short sleep beyond the risk otherwise associated with TGD status. 

(Although, it should be noted, that TGD status does not directly cause insufficient short sleep; 

rather the social environment inhabited by marginalized youth is thought to create circumstances 

that disrupt sleep [Butler et al., 2020; Levenson et al., 2021]). Alternatively, it could imply that 

the increased risk of short sleep among TGD youth is partially driven by lower levels of physical 

activity within this population. While speculative, the latter explanation has more support, as 

TGD youth in the sample were less physically active than non-TGD youth across all three 

indicators of physical activity. Regardless of how we interpret this pattern, the key finding 

remains the same: low physical activity is associated with shorter sleep duration among TGD 

youth. This pattern aligns with the vulnerable-reactive interaction effect in which vulnerability 

for a negative outcome is observed only in the context of greater risk (Luthar et al., 2000). This 

also is consistent with multiplicative risk (Evans et al., 2013) and diathesis–stress (Sameroff, 

1983) frameworks, as well as previous findings for racially minoritized youth (Gillis et al., 

2021).  

 An additional interaction pattern emerged for moderation of the relationship between 

TGD status and sleep latency by MVPA. Youth with more MVPA had average sleep latency 

regardless of TGD status, while TGD youth with less MVPA had shorter sleep latency (predicted 

M = 5.64 minutes). Sleep latencies around 5 minutes or less can be indicative of insufficient 

sleep (Shen et al., 2006), which aligns with the finding that TGD youth with lower MVPA also 

had shorter sleep duration. Importantly, however, not all recommendations for appropriate sleep 
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latency times recognize <5 minutes as a critical cutoff (Ohayon et al., 2017). Nevertheless, TGD 

youth with higher physical activity exhibited average sleep latency.  

 Several findings did not support hypotheses. Specifically, relations between TGD status 

and other sleep parameters – including sleep efficiency, timing, and regularity – were not 

moderated by physical activity. This may be due to a lack of specificity in the data regarding the 

timing of physical activity. Previous work has found that MVPA between 9:00am and 6:00pm is 

associated with poorer sleep efficiency, while MVPA after 6:00pm is not (Pesonen et al., 2011). 

Additionally, physical activity and sleep efficiency have a reciprocal relationship; within-person 

analyses have isolated temporal associations and found that physical activity is related to same-

night sleep efficiency, and that sleep efficiency is related to next-day physical activity (Pesonen 

et al., 2011). This further contributes to the complexity of relations between physical activity and 

sleep quality. Regarding timing and regularity in particular, time use is another factor: one study 

revealed differential associations between physical activity and sleep and wake times on 

weekdays versus weekends (Adam et al., 2007). This may be due to the scheduling of physical 

activity on different days, which further confounds the relationship between physical activity and 

sleep (Allen et al., 2016).  

 A significant limitation to this study’s findings is that physical activity, while promotive 

of sleep duration among TGD youth, comes with serious personal and structural barriers for 

TGD individuals (Greenspan et al., 2019). Gender dysphoria can limit the extent to which TGD 

youth feel comfortable engaging in physical movement because dysphoria is associated with 

lower body satisfaction and because clothing made for exercise is often gendered (Gilani et al., 

2021). Moreover, exclusion from sports teams and gender-affirmed locker rooms and bathrooms, 

as well as lack of safety within these spaces, may hinder TGD youth’s engagement in physical 
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activity (Barrera et al., 2022; Greenspan et al., 2019; Kosciw et al., 2020; Kulick et al., 2019; 

Wernick et al., 2017). However, despite facing these barriers, over half of TGD youth report high 

motivation to be physically active (Gilani et al., 2021). From the present study, some hope may 

be taken from the fact that step counts were promotive of sleep. Unlike higher METs/minute and 

MVPA, which are often achieved through intentional bouts of more-intense physical activity 

through sports and workouts, steps can be gained irrespective of intensity (Maher & Olds, 2011). 

Thus, even lighter forms of non-sport physical activity – or disruptions to longer bouts of 

sedentary behavior – could be protective for TGD youth. Furthermore, 26–39% of TGD youth in 

the sample had physical activity levels that were protective against sleep duration inequities; this 

suggests that even though barriers to TGD physical activity are substantial, some TGD youth are 

able to obtain sufficient physical activity to mitigate health disparities. 

 Several future directions are indicated by this work. The present study found low physical 

activity to be a risk factor for TGD youth but did not explicitly investigate length or bouts of 

sedentary behavior as a potential moderator of relations between TGD status and sleep. Future 

studies could examine whether more-sedentary TGD youth are at heightened risk of experiencing 

sleep disturbances. Alternative models also could be explored. As mentioned earlier, TGD youth 

in this sample had lower family income, higher body adiposity, and poorer mental health, all of 

which have been associated with sleep disturbances. Future work could examine whether these 

factors mediate the association between TGD status and sleep outcomes. Given the links between 

TGD status and physical activity, and between physical activity and sleep, it also may be the case 

that lower levels of physical activity play an indirect role in linking TGD status to sleep.  

 Strengths of this study include its examination of objective sleep in a sample of TGD 

youth, which represents a first in the literature. Such objective data about TGD sleep is needed to 
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fully understand the multiple dimensions of pediatric sleep beyond that which has been measured 

through self-report (Butler et al., 2020; Millar et al., 2019). In addition to sleep, this study further 

illuminated differences in physical activity between TGD and non-TGD youth. Investigations of 

TGD adolescents’ physical activity have been scarce (A. Bishop et al., 2020), and are especially 

pertinent given the spread of legislative action restricting sport participation for trans youth 

(Barrera et al., 2022). While parents and medical providers of TGD youth are likely to 

understand if TGD youth wish not to be – or cannot be – involved in school-based physical 

activity, findings of this study highlight the importance of physical activity for TGD youth.  

Finally, this study utilized a multi-question approach to identify TGD status, which aligns with 

recommendations (Calzo & Blashill, 2018; Heidari et al., 2016; Patterson et al., 2017). The 

approach was inclusive of non-transgender gender-diverse youth, such as those who did not 

identify as trans but had experiences of feeling like a gender different from the one commonly 

aligned to their sex assigned at birth.  

 This study is limited by characteristics of its sample. Across all youth, mean family 

income was higher than the U.S. population (Heeringa & Berglund, 2020). Given that nearly all 

sleep parameters were correlated with family income in the sample – consistent with other 

studies (Sosso et al., 2021) – generalizability across income gradients may be limited. This is 

additionally confounded by the fact that income gradients for sleep vary by race in the U.S. 

(Johnson et al., 2019). Pubertal status was another limiting sample characteristic. TGD youth 

were more pubertally advanced than non-TGD youth (M difference = 0.35 pubertal stages), 

likely due to an overrepresentation of individuals assigned female at birth among TGD youth, as 

endogenous female puberty begins earlier than natal male puberty (Walvoord, 2010). Pubertal 

status may have influenced the results for sleep duration in aim 1, as sleep duration decreases 
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with pubertal advancement (Boatswain-Jacques et al., 2023). However, sleep timing and 

regularity also vary with pubertal change (Boatswain-Jacques et al., 2023; Randler et al., 2019), 

and TGD/non-TGD differences were observed even after accounting for pubertal status. Finally, 

the larger study from which data were drawn did not survey the use of gonadotropin-releasing 

hormone agonists for pubertal suppression. However, recent work has not found significant 

changes in sleep following the initiation of exogenous gender-affirming hormone therapy 

(Morssinkhof et al., 2023).  

 Findings from this study may provide new reasons for physicians, mental health 

professionals, and others working with TGD populations in clinical settings to talk with youth 

about their sleep and physical activity. Though TGD youth have shorter, later, and more irregular 

sleep than non-TGD youth on average, individual differences point to protective behaviors. 

Physical activity is a health behavior that TGD youth can utilize to reduce their risk for short 

sleep. Conversations with youth can highlight the importance of sleep for their daily functioning 

and long-term health and should seek to identify physical activities that TGD youth feel safe 

doing.   
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Chapter 10: General Discussion 

 In the last decade of the 20th century and first decade of the 21st century, considerable 

advances were made for the visibility and inclusion of SGM individuals in the U.S (Fish & 

Russell, 2022; Russell & Fish, 2019). Some changes were tangible, such as marriage equality 

and non-discrimination laws, while others were more subtle, like the acceptability of same-sex 

affection on network television (Russell & Fish, 2019). This seemingly led to more people 

coming out and, importantly, to coming out at earlier ages, with averages now in middle 

adolescence (M. D. Bishop et al., 2020; Russell & Fish, 2019). While such advances have 

seemed desirable for many, they have not led to marked improvements in health equity for SGM 

youth (Porta et al., 2018; Stuart-Maver et al., 2021). At least two major forces may continue to 

drive SGM health disparities. First, most visibly today, some social progress is being rolled back 

in states around the country (Cunningham et al., 2022). While forward-moving legislation has 

focused on adult populations, “backlash” legislation is focused on youth, including laws that 

restrict youth privacy, prevent the teaching of gender and sexuality development and the teaching 

of human rights history, block access to healthcare, and exclude youth from school activities 

(Nakajima & Jin, 2022). The recent rise in anti-SGM legislation is associated with increases in 

symptoms of mental health problems for SGM youth (Cunningham et al., 2022; Fields & 

Wotipka, 2022).  

 Second, SGM youth today find themselves at the center of a “developmental collision” as 

they navigate two simultaneous processes: adolescent identity development and SGM identity 

development (Russell & Fish, 2019). For all youth, adolescence is a time of growing awareness 

of oneself and one’s social position, navigating interpersonal dynamics in school, home, and 

social domains, while undergoing significant physical and psychological changes. For SGM 
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youth, this normative experience dovetails with a separate normative process of coming into 

one’s own as an SGM individual. This experience includes awareness of one’s unique sexual 

and/or gender identity; exploration, acceptance, and/or rejection of it; and iterative decisions 

about what to disclose and how and to whom (Russell & Fish, 2019). GM youth are faced with 

the additional task of deciding how best to express their gender so that it can be understood 

accurately by others, which often is met with resistance from caregivers (Pullen Sansfaçon et al., 

2022). Decisions of disclosure and expression for both SM and GM youth are made with safety 

in mind, and the stakes are high, as SGM youth are victimized three times as much non-SGM 

peers (Williams et al., 2021).  

 Thus, the SGM youth who contributed data to the ABCD Study, and to this dissertation, 

are at a unique moment in their lives and in the history of their community, as the push and pull 

of political progress and social backlash intersects with multiple confluent developmental 

processes. This is the social and intrapersonal context in which the studies presented here sought 

to learn something about one key aspect of SGM youths’ health: their sleep. Sleep is a sort of 

bellwether for physical and mental wellbeing. When sleep is too short, is of poor quality, or is 

improperly or inconsistently timed, health suffers (Spruyt, 2019). Because suboptimal sleep is a 

risk factor for obesity, high blood pressure, insulin resistance, depression, anxiety, and substance 

use (Matricciani et al., 2019), we can learn a lot about an individual’s – or a community’s – 

vulnerability to illness by studying their sleep. 

In line with a broader literature showing persistent disparities for SGM wellbeing 

(Russell & Fish, 2019), SGM youth across both studies of this dissertation had less-optimal sleep 

than their peers, including shorter sleep duration, later sleep timing, and less regularity in 

duration and timing. These studies are the first in the field to demonstrate short sleep duration for 
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SGM youth using actigraphy, and the first to identify later sleep schedule and less regularity by 

any assessment method. These findings provide additional evidence that sleep is at risk in the 

SGM community (Butler et al., 2020; Patterson & Potter, 2019), a fact that may spur parents, 

physicians, mental health providers, and researchers to find ways to promote sleep among SGM 

populations, especially youth. Fortunately, sleep duration, schedule, and regularity lend 

themselves well to intervention, as they share one underlying behavior: bedtimes. Early bedtimes 

across nights would promote longer sleep duration, earlier sleep timing, and greater regularity 

(Bartel et al., 2015; Campbell et al., 2023) for SGM youth. Though many factors work against 

nightly early bedtimes for youth (Crowley et al., 2018), this represents a singular behavior 

change with substantial effects, as longer, earlier, and regular sleep promotes wellness across 

physical and mental health domains (Matricciani et al., 2019). 

Despite the confirmation of sleep inequities for SGM youth, other findings in the present 

studies provide hope. Sleep quality emerged as a potential source of resilience. SM youth had 

slightly higher sleep quality than non-SM youth, while GM youth had sleep quality that was not 

worse than non-GM peers; both findings stand in contrast to earlier work showing poorer self-

reported sleep quality for SGM youth (Butler et al., 2020; Levenson et al., 2021). It may be the 

case that under the condition of suboptimal sleep in other dimensions (shorter duration, later 

timing, less regularity), sleep quality functions as a compensatory mechanism (El-Sheikh et al., 

2019).  

Furthermore, in moderation analyses, consistent patterns emerged across multiple 

measures of the same constructs – sleep quality (across two indicators) was protective against 

externalizing behaviors (indexed across two dimensions) in the context of discrimination for SM 

youth, while physical activity (across three parameters) was protective against short sleep 
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duration for GM youth. Consistency across modes of assessment enhances clarity of patterns and 

is a strength of this project. At the same time, neither sleep nor physical activity functioned as a 

moderator in all hypothesized cases, which may be a function of the complex, multi-determined 

development of mental health and sleep outcomes. 

These studies surveyed seven parameters representing four dimensions of sleep: duration, 

quality, timing, and regularity. Yet pediatric sleep health – a conceptualization of what is needed 

from sleep in order for youth to thrive – has additional dimensions, including subjective quality 

(i.e., satisfaction), alertness/daytime sleepiness, and sleep hygiene behaviors (Meltzer et al., 

2021). These dimensions were unstudied in this project and could be targets for future research. 

Though several studies have reported lower subjective quality for SGM youth (e.g., Huang et al., 

2018), only one has examined daytime sleepiness (Li et al., 2017), and none has investigated 

sleep hygiene behaviors among SGM youth (Butler et al., 2020; Patterson & Potter, 2019). 

An additional key aspect of pediatric sleep – social jetlag (Wittmann et al., 2006) – also 

was not captured in an explicit way by this project. Beginning as early as age 5, and increasing 

until age 17, it is common for youth to have different sleep schedules on weeknights versus 

weekends (Randler et al., 2019). While weekdays are often driven by school schedules and 

more-rigidly enforced bedtimes, weekends represent a period of “free sleep” in which youth 

might stay awake later and sleep in later; by adolescence, this results in longer sleep on 

weekends (Boatswain-Jacques et al., 2023; Randler et al., 2019). Though this behavior is 

normative in the sense that most youth engage in this pattern to some degree, extreme amounts – 

differences in sleep timing of two hours of more between weeknights and weekends – have 

deletrious effects on physical and mental health (Henderson et al., 2019; Malone et al., 2016). In 

the present studies, differences between weekday and weekend sleep would have accounted for a 
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portion of the variance in two parameters – variability in sleep minutes and variability in sleep 

midpoint. However, such differences were not examined as discrete variables. Given that SGM 

youth had significantly greater variability by both of these indicators of sleep regularity, future 

work should examine whether SGM youth have greater social jetlag in childhood and 

adolescence compared to their non-SGM peers.  

Finally, it is acknowledged that the approach taken here to understand the landscape of 

SGM youth sleep utilized comparisons to non-SGM individuals. While this approach illuminated 

meaningful differences in key areas of sleep health inequity across the dimensions of sleep 

duration, timing, and regularity, it also unwittingly contributed to a heterosexual-, cisgender-

centric viewpoint by basing non-SGM health as the norm by which SGM health was evaluated. 

While non-SGM sleep was equivalent to the mean in these studies because of the large number 

of non-SGM youth who were sampled, more equitable approaches could be considered in the 

future. A research strategy informed by targeted universalism (Toppin, 2021), for example, could 

compare the sleep of SGM youth to universal sleep recommendations in order to evaluate if 

SGM youth are sleeping sufficienctly. Such an approach has been undertaken in the study of 

self-reported sleep duration among SGM youth (Kann et al., 2016). However, to extend this 

across all dimensions of pediatric sleep health would require strong evidence and consensus 

around what is “good enough” in every dimension of sleep health, something our literature does 

not yet support (Allen et al., 2016). Sleep duration and quality recommendations are fairly well-

defined (Hirshkowitz, 2015; Ohayon et al., 2017), but the evidence supporting recommendations 

for sleep timing and regularity is much less established (Allen et al., 2016), preventing a targeted 

universalism approach to comprehensive sleep health at this time.  
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 To conclude by way of reflection, as a marriage and family therapist working with SGM 

youth, I have often been struck that many problems they experience are determined by other 

people in their lives, such as parents, pastors, peers, and lawmakers. Therefore, the therapeutic 

process too frequently becomes one of coping with difficult situations until the child or 

adolescent arrives at a better future. It was from this context that the research questions of my 

dissertation arose, in an effort to identify behaviors within youths’ control that they could utilize 

to promote their own health. In other words, this project sought to locate agency that SGM youth 

could use to combat health disparities. While such an effort does not remove the responsibility of 

parents, pastors, friends, and lawmakers to ensure the safety of all youth, it does bring SGM 

youth to the table, allowing them to have a say in their own mental and physical health by 

focusing on their sleep and physical activity. Study I showed that optimal sleep is protective of 

mental health, while Study II demonstrated that engagement in physical activity is associated 

with more-optimal sleep. These findings contribute to our understanding of the 

interconnectedness of health domains and point to potential levers of change for the wellbeing of 

SGM youth.  
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Tables 

Table 1.1: 

Descriptive Statistics of Continuous Variables in Study I 

 n M SD Min. Max. 
Pubertal status 2,855 2.62 0.94 1.00 5.00 
Family income 2,780 4.20 2.31 0.05 12.11 
Waist circumference 2,965 28.46 4.69 18.00 55.00 
Sleep minutes 2,979 450.85 37.50 262.40 598.80 
Sleep efficiency 2,979 88.67 1.68 81.28 93.89 
Wake after sleep onset 2,979 57.84 10.98 18.00 103.00 
Sleep latency 2,979 6.72 4.89 0.00 51.00 
Sleep midpoint 2,979 3:14am 62.35 11:15pm 7:21am 
Variability in sleep minutes 2,979 0.14 0.07 0.01 0.44 
Variability in sleep midpoint 2,979 0.04 0.02 0.01 0.23 
Anxious/depressive symptoms* 211 54.87 6.84 50.00 88.00 
Aggressive behavior* 211 52.62 5.23 50.00 84.00 
Rule-breaking behavior* 211 52.62 4.47 50.00 71.00 

 
Notes. N = 2,979. Family income was operationalized as income-to-needs ratio. Sleep minutes in hours: 

M = 7.51, SD = 0.63, min. = 4.37, max. = 9.98. 

* Reported only for subsample of sexual-minority youth. 
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Table 1.2: 

Differences in Sleep Actigraphy and Mental Health by Sex Assigned at Birth 

 Assigned Female Assigned Male  
 M SD M SD t 
Sleep minutes 453.92 37.59 447.94 37.20 –4.36*** 
Sleep efficiency 88.91 1.61 88.45 1.73 –7.39*** 
Wake after sleep onset 56.88 10.51 58.76 11.33 4.68*** 
Sleep latency 6.84 4.64 6.61 5.11 –1.24 
Sleep midpoint 3:17am 62.62 3:11am 61.97 –2.69** 
Variability in sleep minutes 0.15 0.07 0.14 0.06 –3.51*** 
Variability in sleep midpoint 0.039 0.02 0.037 0.02 –2.53** 
Anxious/depressive symptoms† 54.75 6.65 55.53 7.86 0.61 
Aggressive behavior† 52.08 4.35 55.41 7.96 2.37* 
Rule-breaking behavior† 52.45 4.39 53.50 4.83 1.26 

 
Notes. For sleep variables, assigned female at birth: n = 1,454; assigned male at birth: n = 1,525. For mental 

health variables, assigned female at birth: n = 177; assigned male at birth: n = 34. 

† Reported only for subsample of sexual-minority youth.  

** p < .05. ** p < .01. *** p < .001. 
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Table 1.3: 

Differences in Sleep Duration and Quality by Ethnicity and Race 

   95% CI 
 M SE LB UB 

Sleep minutes     
     Hispanic 450.16 1.91 446.40 453.91 
     Asian Non-Hispanic 443.99 4.14 435.74 452.24 
     Black Non-Hispanic 427.46 3.04 421.47 433.45 
     White Non-Hispanic 455.54 0.82 453.92 457.16 
     Multiethnic/multiracial 445.31 1.78 441.81 448.82 
Sleep efficiency     
     Hispanic 88.83 0.09 88.65 89.00 
     Asian Non-Hispanic 88.01 0.18 87.64 88.37 
     Black Non-Hispanic 89.37 0.12 89.13 89.62 
     White Non-Hispanic 88.58 0.04 88.50 88.65 
     Multiethnic/multiracial 88.69 0.08 88.53 88.84 
WASO     
     Hispanic 56.90 0.58 55.77 58.04 
     Asian Non-Hispanic 60.76 1.22 58.33 63.20 
     Black Non-Hispanic 51.12 0.79 49.57 52.67 
     White Non-Hispanic 58.95 0.25 58.47 59.44 
     Multiethnic/multiracial 57.07 0.50 56.08 58.06 
Sleep latency     
     Hispanic 6.82 0.25 6.33 7.32 
     Asian Non-Hispanic 6.47 0.52 5.44 7.51 
     Black Non-Hispanic 7.26 0.34 6.58 7.93 
     White Non-Hispanic 6.53 0.11 6.31 6.74 
     Multiethnic/multiracial 7.16 0.25 6.67 7.65 

 
Notes. Hispanic: n = 363; Asian Non-Hispanic: n = 79; Black Non-Hispanic: n = 210; 

White Non-Hispanic: n = 1,819; Multiethnic/multiracial: n = 477. Sample also included 

small numbers of American Indian and Alaska Native Non-Hispanic (n = 6) and Some 

Other Race Non-Hispanic (n = 14); means are not displayed for these groups due to small 

cell sizes and large standard errors. WASO = wake after sleep onset.  
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Table 1.4: 

Differences in Sleep Schedule and Regularity by Ethnicity and Race 

   95% CI 
   M   SE   LB   UB 

Sleep midpoint     
     Hispanic 3:27am 3.37 3:20am 3:33am 
     Asian Non-Hispanic 3:08am 5.81 2:56am 3:19am 
     Black Non-Hispanic 3:40am 5.46 3:29am 3:51am 
     White Non-Hispanic 3:07am 1.39 3:04am 3:10am 
     Multiethnic/multiracial 3:21am 1.15 3:16am 3:27am 
Variability in sleep minutes     
     Hispanic 0.14 0.003 0.13 0.15 
     Asian Non-Hispanic 0.13 0.01 0.12 0.14 
     Black Non-Hispanic 0.19 0.01 0.18 0.20 
     White Non-Hispanic 0.13 0.001 0.13 0.13 
     Multiethnic/multiracial 0.16 0.003 0.15 0.16 
Variability in sleep minutes     
     Hispanic 0.04 0.001 0.04 0.04 
     Asian Non-Hispanic 0.03 0.002 0.03 0.04 
     Black Non-Hispanic 0.06 0.002 0.05 0.06 
     White Non-Hispanic 0.03 0.00 0.03 0.04 
     Multiethnic/multiracial 0.04 0.001 0.04 0.05 

 
Notes. Hispanic: n = 363; Asian Non-Hispanic: n = 79; Black Non-Hispanic: n = 210; 

White Non-Hispanic: n = 1,819; Multiethnic/multiracial: n = 477. Sample also included 

small numbers of American Indian and Alaska Native Non-Hispanic (n = 6) and Some 

Other Race Non-Hispanic (n = 14); means are not displayed for these groups due to small 

cell sizes and large standard errors.
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Table 1.5: 

Correlations Among Continuous Variables in Study I 

 1 2 3 4 5 6 7 8 9 10 11 12 13 
1. Pubertal status –             
2. Family income –0.05** –            
3. Waist circumference 0.16*** –0.17*** –           
4. Sleep minutes –0.11*** 0.12*** –0.18*** –          
5. Sleep efficiency 0.11*** –0.05** 0.04* –0.05** –         
6. Wake after sleep onset –0.14*** 0.09*** –0.11*** 0.48*** –0.90*** –        
7. Sleep latency 0.05* –0.03 –0.004 0.14*** 0.24*** –0.15*** –       
8. Sleep midpoint 0.15*** –0.19*** 0.10*** –0.11*** 0.07*** –0.10*** 0.02 –      
9. Var. in sleep minutes 0.17*** –0.24*** 0.16*** –0.40*** 0.07*** –0.23*** –0.02 0.38*** –     

10. Var. in sleep midpoint 0.14*** –0.20*** 0.17*** –0.24*** 0.09*** –0.18*** 0.07*** 0.37*** 0.64*** –    
11. Anxious/depressive† –0.08 –0.07 0.03 0.03 0.04 –0.01 –0.02 –0.10 0.001 0.09 –   
12. Aggressive behavior† –0.13 –0.13 0.04 0.003 –0.07 0.07 –0.04 –0.06 0.07 0.16* 0.53*** –  
13. Rule-breaking behavior† –0.04 –0.14 0.13 –0.01 –0.04 0.03 –0.02 –0.04 0.10 0.16* 0.44*** 0.62*** – 

 
Notes. Family income was operationalized as family income-to-needs ratio. 

† Reported only for subsample of sexual-minority youth. 

* p < .05. *** p < .001. 
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Table 1.6: 

Differences in Sleep Actigraphy and Mental Health by Discrimination Experience Among Sexual-Minority 

Youth 

 Did Not Experience 
Discrimination (n = 137) 

Experienced 
Discrimination (n = 56) 

 

  M SD  M SD t 
Sleep minutes 444.29 39.87 444.24 41.07 0.01 
Sleep efficiency 88.93 1.72 88.83 1.65 0.36 
WASO 55.66 11.69 56.02 10.54 –0.20 
Sleep latency 6.26 4.36 6.12 3.35 –0.23 
Sleep midpoint 3:30am 69.02 3:44am 70.54 –1.23 
Variability in sleep minutes 0.16 0.07 0.18 0.06 –2.58* 
Variability in sleep midpoint 0.04 0.03 0.05 0.03 –2.27* 
Anxious/depressive symptoms 54.53 6.56 55.54 7.30 –0.94 
Aggressive behavior 52.42 4.74 53.57 6.53 –1.37 
Rule-breaking behavior 52.39 4.34 53.52 4.93 –1.58 

 
Notes. Discrimination: 0 = No, 1 = Yes to the question, “In the past 12 months, have you felt discriminated 

against because someone thought you were gay, lesbian, or bisexual?” WASO = wake after sleep onset. 

* p < .05. 
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Table 1.7: 

Mean Comparisons of Sleep Actigraphy Between Sexual-Minority and Non-Sexual-Minority Youth 

 Sexual-Minority Non-Sexual-Minority Unadjusted Adjustedª Adjustedb 
       M       SD       M      SD F (1, 2976) F (1, 2644) F (1, 2643) 

Sleep minutes 443.12 40.85 451.45 37.00 9.79** 12.92*** 13.90*** 
Sleep efficiency 88.97 1.73 88.65 1.68 6.93** 3.70 4.46* 
Wake after sleep onset 55.34 11.56 58.03 10.89 11.83*** 9.21** 10.43*** 
Sleep latency 6.24 4.07 6.72 4.77 2.08 3.58 3.49 
Sleep midpoint 3:34am 70.12 3:12am 60.34 24.21*** 15.06*** 17.67*** 
Variability in sleep minutes 0.16 0.07 0.14 0.06 27.56*** 19.86*** 18.91*** 
Variability in sleep midpoint 0.05 0.03 0.04 0.02 15.99*** 11.18*** 12.00*** 

 
Notes. a Model adjusted for sex assigned at birth, pubertal status, race, family income, and waist circumference. 

b Model adjusted for sex assigned at birth, pubertal status, race, family income, waist circumference, and anxious/depressive 

symptoms. 

* p < .05. ** p < .01. *** p ≤ .001.  
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Table 1.8: 

Sleep Minutes as a Moderator of Relations Between Discrimination and Mental Health Among Sexual-Minority Youth 

 Anxious/Depressive Symptoms Aggressive Behavior Rule-Breaking Behavior 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 54.88*** 0.46 8.04 52.62*** 0.34 10.09 52.62*** 0.30 11.81 
Sex assigned at birth 0.46 1.55 0.03 –2.96** 1.15 –0.21 –0.58 1.00 –0.05 
Pubertal status –1.07 0.79 –0.13 –0.37 0.60 –0.06 –0.38 0.51 –0.07 
Race 0.02 0.18 0.01 0.15 0.13 0.08 0.05 0.12 0.03 
Family income –0.21 0.21 –0.07 –0.27 0.16 –0.13 –0.21 0.14 –0.11 
Waist circumference 0.07 0.10 0.05 0.02 0.07 0.02 0.10 0.07 0.12 
Discrimination 0.79 1.14 0.05 0.33 0.81 0.03 0.64 0.72 0.07 
Sleep minutes 0.29 0.70 0.03 –0.15 0.51 –0.02 –0.02 0.45 –0.003 
Discrimination x Sleep 
     Minutes 

2.98 1.62 0.13 3.13** 1.15 0.18 1.93 1.02 0.13 

R2 0.04 0.03  0.12** 0.04  0.06 0.03  
 
Notes. N = 211. Sleep minutes were analyzed as sleep hours (divided by 60) to aid model convergence. Models were fit separately for 

each outcome. R2s are reported for full models. 

** p ≤ .01. *** p < .001. 
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Table 1.9: 

Sleep Efficiency as a Moderator of Relations Between Discrimination and Mental Health Among Sexual-Minority Youth 

 Anxious/Depressive Symptoms Aggressive Behavior Rule-Breaking Behavior 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 54.87*** 0.47 8.04 52.61*** 0.34 10.09 52.60*** 0.30 11.81 
Sex assigned at birth 0.22 1.59 0.01 –2.85* 1.19 –0.20 –0.46 1.01 –0.04 
Pubertal status –0.95 0.78 –0.11 –0.26 0.60 –0.04 –0.29 0.50 –0.05 
Race 0.03 0.18 0.01 0.17 0.13 0.09 0.05 0.11 0.03 
Family income –0.19 0.21 –0.07 –0.27 0.16 –0.13 –0.20 0.14 –0.11 
Waist circumference 0.04 0.10 0.03 –0.01 0.07 –0.01 0.07 0.06 0.08 
Discrimination 0.80 1.15 0.05 0.34 0.82 0.03 0.60 0.72 0.06 
Sleep efficiency 0.16 0.28 0.04 –0.08 0.21 –0.03 –0.07 0.18 –0.03 
Discrimination x Sleep 
     Efficiency 

–0.61 0.66 –0.07 –0.61 0.47 –0.09 –1.03* 0.41 –0.18 

R2 0.02 0.02  0.09* 0.04  0.07* 0.04  
 
Notes. N = 211. Models were fit separately for each outcome. R2s are reported for full models. 

* p < .05. *** p < .001. 
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Table 1.10: 

Wake After Sleep Onset as a Moderator of Relations Between Discrimination and Mental Health Among Sexual-Minority Youth 

 Anxious/Depressive Symptoms Aggressive Behavior Rule-Breaking Behavior 
 Estimate SE β  Estimate SE β  Estimate SE β 
Intercept 54.87*** 0.46 8.04 52.61*** 0.34 10.09 52.61*** 0.29 11.81 
Sex assigned at birth 0.43 1.59 0.02 –2.75* 1.18 –0.19 –0.37 1.00 –0.03 
Pubertal status –1.00 0.78 –0.12 –0.29 0.60 –0.04 –0.36 0.50 –0.06 
Race 0.02 0.18 0.01 0.16 0.13 0.08 0.04 0.11 0.02 
Family income –0.20 0.21 –0.07 –0.27 0.16 –0.13 –0.20 0.13 –0.11 
Waist circumference 0.03 0.10 0.03 –0.01 0.07 –0.01 0.08 0.06 0.10 
Discrimination 0.78 1.142 0.05 0.32 0.82 0.03 0.60 0.71 0.06 
WASO –0.001 0.04 –0.002 0.02 0.03 0.04 0.02 0.03 0.04 
Discrimination x WASO 0.17 0.10 0.13 0.17* 0.07 0.16 0.20*** 0.06 0.22 
R2 0.03 0.03  0.11** 0.04  0.09* 0.04  

 
Notes. N = 211. WASO = wake after sleep onset. Models were fit separately for each outcome. R2s are reported for full models. 

* p < .05. ** p < .01. *** p ≤ .001. 
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Table 1.11: 

Sleep Latency as a Moderator of Relations Between Discrimination and Mental Health Among Sexual-Minority Youth 

 Anxious/Depressive Symptoms Aggressive Behavior Rule-Breaking Behavior 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 54.89*** 0.47 8.04 52.63*** 0.34 10.09 52.63*** 0.30 11.81 
Sex assigned at birth 0.27 1.57 0.02 –3.11** 1.17 –0.22 –0.70 1.01 –0.06 
Pubertal status –0.97 0.79 –0.11 –0.25 0.61 –0.04 –0.34 0.51 –0.06 
Race 0.04 0.18 0.02 0.18 0.13 0.09 0.06 0.12 0.04 
Family income –0.23 0.21 –0.08 –0.32* 0.16 –0.15 –0.25 0.14 –0.14 
Waist circumference 0.04 0.10 0.03 –0.001 0.07 –0.001 0.09 0.06 0.10 
Discrimination 0.83 1.15 0.06 0.34 0.82 0.03 0.64 0.72 0.07 
Sleep latency 0.01 0.12 0.01 –0.01 0.09 –0.004 0.02 0.08 0.02 
Discrimination x Sleep 
     Latency 

0.19 0.31 0.05 0.29 0.22 0.09 0.24 0.20 0.09 

R2 0.02 0.02  0.09* 0.04  0.05 0.03  
 
Notes. N = 211. Models were fit separately for each outcome. R2s are reported for full models. 

* p < .05. ** p < .01. *** p < .001. 
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Table 1.12: 

Sleep Midpoint as a Moderator of Relations Between Discrimination and Mental Health Among Sexual-Minority Youth 

 Anxious/Depressive Symptoms Aggressive Behavior Rule-Breaking Behavior 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 54.87*** 0.47 8.04 52.65*** 0.34 10.10 52.65*** 0.30 11.82 
Sex assigned at birth 0.26 1.57 0.01 –2.81* 1.16 –0.20 –0.41 1.00 –0.03 
Pubertal status –0.80 0.80 –0.09 –0.30 0.61 –0.05 –0.38 0.51 –0.07 
Race 0.08 0.18 0.03 0.18 0.14 0.09 0.05 0.12 0.03 
Family income –0.27 0.21 –0.10 –0.31 0.16 –0.15 –0.24 0.14 –0.13 
Waist circumference 0.04 0.10 0.03 0.01 0.07 0.01 0.10 0.06 0.11 
Discrimination 0.88 1.15 0.06 0.52 0.83 0.05 0.79 0.73 0.08 
Sleep midpoint –0.01 0.01 –0.12 –0.01 0.01 –0.09 –0.01 0.004 –0.08 
Discrimination x Sleep 
     Midpoint 

0.001 0.02 0.01 –0.01 0.01 –0.07 –0.01 0.01 –0.09 

R2 0.03 0.02  0.10* 0.04  0.06 0.03  
 
Notes. N = 211. Models fit separately for each outcome. R2s are reported for full models. 

* p < .05. *** p < .001. 
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Table 1.13: 

Variability in Sleep Minutes as a Moderator of Relations Between Discrimination and Mental Health Among Sexual-Minority Youth 

 Anxious/Depressive Symptoms Aggressive Behavior Rule-Breaking Behavior 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 54.89*** 0.48 8.04 52.75*** 0.35 10.12 52.67*** 0.31 11.82 
Sex assigned at birth 0.32 1.59 0.02 –2.70* 1.18 –0.19 –0.40 1.02 –0.03 
Pubertal status –0.87 0.81 –0.10 –0.38 0.62 –0.06 –0.47 0.52 –0.08 
Race 0.04 0.18 0.02 0.16 0.13 0.08 0.05 0.12 0.03 
Family income –0.20 0.21 –0.07 –0.23 0.16 –0.11 –0.18 0.14 –0.10 
Waist circumference 0.05 0.10 0.03 –0.01 0.07 –0.01 0.09 0.06 0.10 
Sleep minutes 0.33 0.74 0.03 0.04 0.54 0.01 0.14 0.47 0.02 
Discrimination 0.81 1.20 0.05 0.68 0.85 0.06 0.74 0.75 0.08 
Variability in sleep minutes 0.002 0.08 0.002 0.03 0.06 0.04 0.04 0.05 0.07 
Discrimination x Variability 
     in Sleep Minutes 

–0.01 0.18 –0.01 –0.21 0.13 –0.12 –0.08 0.11 –0.05 

R2 0.02 0.02  0.10* 0.04  0.05 0.03  
 
Notes. N = 211. To aid model convergence, sleep minutes were analyzed as sleep hours (divided by 60) and variability in minutes was 

multiplied by 100. Models were fit separately for each outcome. R2s are reported for full models. 

* p < .05. *** p < .001. 
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Table 1.14: 

Variability in Sleep Midpoint as a Moderator of Relations Between Discrimination and Mental Health Among Sexual-Minority Youth 

 Anxious/Depressive Symptoms Aggressive Behavior Rule-Breaking Behavior 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 54.98*** 0.47 8.05 52.69*** 0.34 10.10 52.65*** 0.30 11.82 
Sex assigned at birth 0.52 1.54 0.03 –2.72* 1.14 –0.19 –0.36 0.99 –0.03 
Pubertal status –0.86 0.78 –0.10 –0.27 0.59 –0.04 –0.35 0.50 –0.06 
Race 0.08 0.18 0.03 0.20 0.13 0.10 0.07 0.11 0.04 
Family income –0.21 0.21 –0.08 –0.25 0.16 –0.12 –0.20 0.14 –0.11 
Waist circumference 0.02 0.10 0.02 –0.01 0.07 –0.01 0.08 0.06 0.09 
Sleep midpoint –0.02 0.01 –0.19 –0.01* 0.01 –0.18 –0.01* 0.01 –0.17 
Discrimination 0.89 1.16 0.06 0.39 0.83 0.03 0.60 0.73 0.06 
Variability in sleep midpoint 0.40 0.21 0.16 0.40** 0.15 0.20 0.32* 0.13 0.19 
Discrimination x Variability 
     in Sleep Midpoint 

–0.47 0.41 –0.08 –0.30 0.29 –0.07 –0.12 0.26 –0.03 

R2 0.05 0.03  0.12** 0.04  0.08* 0.04  
 
Notes. N = 211. Variability in minutes was multiplied by 100 to aid model convergence. Models were fit separately for each outcome. 

R2s are reported for full models. 

* p < .05. ** p < .01. *** p < .001. 
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Table 2.1: 

Descriptive Statistics of Continuous Variables in Study II 

 n M SD Min. Max. 
Pubertal status 2,855 2.62 0.94 1.00 5.00 
Family income 2,780 4.20 2.31 0.05 12.11 
Waist circumference 2,965 28.46 4.69 18.00 55.00 
METs/minute 2,936 2.04 0.26 1.28 2.98 
MVPA 2,936 36.19 29.59 0.00 146.66 
Steps 2,936 9,644.49 3,055.09 1,189.33 20,958.62 
Sleep minutes 2,979 450.85 37.50 262.40 598.80 
Sleep efficiency 2,979 88.67 1.68 81.28 93.89 
Wake after sleep onset 2,979 57.84 10.98 18.00 103.00 
Sleep latency 2,979 6.72 4.89 0.00 51.00 
Sleep midpoint 2,979 3:14am 62.35 11:15pm 7:21am 
Variability in sleep minutes 2,979 0.14 0.07 0.01 0.44 
Variability in sleep midpoint 2,979 0.04 0.02 0.01 0.23 

 
Notes. N = 2,979. Family income was operationalized as income-to-needs ratio. Sleep minutes in hours: 

M = 7.51, SD = 0.63, min. = 4.37, max. = 9.98. METs = metabolic equivalents of task. MVPA = 

moderate-to-vigorous physical activity. 
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Table 2.2: 

Differences in Physical Activity and Sleep Actigraphy by Sex Assigned at Birth 

 Assigned Female (n = 1,454) Assigned Male (n = 1,525)  
 M SD   M SD t 
METs/minute 1.95 0.22 2.13 0.27 20.18*** 
MVPA 23.10 18.67 48.56 32.54 26.17*** 
Steps 8,822.80 2,557.93 10,421.53 3,276.51 14.78*** 
Sleep minutes 453.92 37.59 447.94 37.20 –4.36*** 
Sleep efficiency 88.91 1.61 88.45 1.73 –7.39*** 
Wake after sleep onset 56.88 10.51 58.76 11.33 4.68*** 
Sleep latency 6.84 4.64 6.61 5.11 –1.24 
Sleep midpoint 3:17am 62.62 3:11am 61.97 –2.69** 
Variability in sleep minutes 0.15 0.07 0.14 0.06 –3.51*** 
Variability in sleep midpoint 0.039 0.02 0.037 0.02 –2.53** 

 
Notes. METs = metabolic equivalents of task. MVPA = moderate-to-vigorous physical activity. 

** p < .01. *** p < .001. 
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Table 2.3: 

Differences in Physical Activity by Ethnicity and Race 

   95% CI 
       M SE    LB       UB 

METs/minute     
     Hispanic 2.02 0.01 1.99 2.05 
     Asian Non-Hispanic 2.02 0.02 1.97 2.06 
     Black Non-Hispanic 2.05 0.02 2.02 2.09 
     White Non-Hispanic 2.05 0.01 2.04 2.06 
     Multiethnic/multiracial 2.03 0.01 2.01 2.06 
MVPA     
     Hispanic 32.13 1.47 29.24 35.03 
     Asian Non-Hispanic 34.62 2.82 29.01 40.23 
     Black Non-Hispanic 35.93 2.31 31.38 40.48 
     White Non-Hispanic 37.01 0.68 35.76 38.44 
     Multiethnic/multiracial 36.32 1.48 33.41 39.23 
Steps     
     Hispanic 8,953.67 153.24 8,652.32 9,255.02 
     Asian Non-Hispanic 10,101.78 312.35 9,479.93 10,723.62 
     Black Non-Hispanic 9,319.97 210.30 8,905.31 9,734.64 
     White Non-Hispanic 9,810.27 72.07 9,668.92 9,951.62 
     Multiethnic/multiracial 9,614.74 146.08 9,327.69 9,901.79 

 
Notes. Hispanic: n = 360; Asian Non-Hispanic: n = 79; Black Non-Hispanic: n = 203; 

White Non-Hispanic: n = 1,795; Multiethnic/multiracial: n = 468. Sample also included 

small numbers of American Indian and Alaska Native Non-Hispanic (n = 6) and Some 

Other Race Non-Hispanic (n = 14); means are not displayed for these groups due to small 

cell sizes and large standard errors. METs = metabolic equivalents of task. MVPA = 

moderate-to-vigorous physical activity. 
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Table 2.4: 

Correlations Among Continuous Variables in Study II 

 1 2 3 4 5 6 7 8 9 10 11 12 13 
1. Pubertal status –             
2. Family income –0.05** –            
3. Waist circumference 0.16*** –0.17*** –           
4. METs/minute –0.26*** 0.05*** 0.12*** –          
5. MVPA –0.22*** 0.06** 0.18*** 0.81*** –         
6. Steps –0.25*** 0.13*** –0.16*** 0.82*** 0.68*** –        
7. Sleep minutes –0.11*** 0.12*** –0.18*** 0.01 –0.07*** –0.01 –       
8. Sleep efficiency 0.11*** –0.05** 0.04* –0.15*** –0.13*** –0.10*** –0.05** –      
9. Wake after sleep onset –0.14*** 0.09*** –0.11*** 0.13*** 0.08*** 0.08*** 0.48*** –0.90*** –     

10. Sleep latency 0.05* –0.03 –0.004 –0.10*** –0.09*** –0.09*** 0.14*** 0.24*** –0.15*** –    
11. Sleep midpoint 0.15*** –0.19*** 0.10*** –0.23*** –0.12*** –0.29*** –0.11*** 0.07*** –0.10*** 0.02 –   
12. Var. in sleep minutes 0.17*** –0.24*** 0.16*** –0.15*** –0.07*** –0.20*** –0.40*** 0.07*** –0.23*** –0.02 0.38*** –  
13. Var. in sleep midpoint 0.14*** –0.20*** 0.17*** –0.13*** –0.07*** –0.19*** –0.24*** 0.09*** –0.18*** 0.07*** 0.37*** 0.64*** – 

 
Notes. METs = metabolic equivalents of task. MVPA = moderate-to-vigorous physical activity. Var. = Variability. 
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Table 2.5: 

Differences in Physical Activity by Transgender or Gender-Diverse Status 

 TGD (n = 90) Non-TGD (n = 2,845)  
   M      SD    M       SD t 
METs/minute 1.91 0.25 2.05 0.26 4.94*** 
MVPA 25.38 24.37 36.53 29.68 4.24*** 
Steps 8,300.23 2,693.28 9,687.37 3,057.10 4.25*** 

 
Notes. METs = metabolic equivalents of task. MVPA = moderate-to-vigorous physical activity. 

*** p < .001. 
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Table 2.6: 

Mean Comparisons of Sleep Actigraphy Between Transgender and Gender-Diverse and Non-Transgender and Gender-Diverse Youth 

 TGD Non-TGD Unadjusted Adjustedª Adjustedb 
 M SD M SD F (1, 2976) F (1, 2644) F (1, 2643) 

Sleep minutes 437.59 43.40 451.26 37.23 11.01*** 2.21 2.56 
Sleep efficiency 88.85 1.83 88.67 1.68 0.98 0.06 0.13 
Wake after sleep onset 55.41 12.11 57.91 10.93 4.30* 0.31 0.48 
Sleep latency 6.46 4.43 6.73 4.90 0.22 0.54 0.52 
Sleep midpoint 3:30am 73.98 3:14am 61.91 6.08* 5.08* 5.58* 
Variability in sleep minutes 0.17 0.08 0.14 0.06 19.35*** 7.51** 7.06** 
Variability in sleep midpoint 0.05 0.03 0.04 0.02 8.17** 4.25* 4.20* 

 
Notes. a Model adjusted for sex assigned at birth, pubertal status, race, family income, and waist circumference. 

b Model adjusted for sex assigned at birth, pubertal status, race, family income, waist circumference, and anxious/depressive 

symptoms. 

* p < .05. ** p < .01. *** p < .001.  
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Table 2.7: 

Metabolic Equivalents of Task/Minute as a Moderator of 

Relations Between Transgender or Gender-Diverse Status and 

Sleep Duration 

 Sleep Minutes 
 Estimate    SE β 
Intercept 451.13*** 0.66 12.03 
Sex assigned at birth 13.48*** 1.62 0.18 
Pubertal status –6.41*** 0.86 –0.16 
Race –1.17*** 0.29 –0.07 
Family income 1.23*** 0.30 0.08 
Waist circumference –1.08*** 0.15 –0.14 
TGD status –6.35 4.36 –0.03 
METs/minute 4.98 2.77 0.04 
TGD Status x METs/Minute 34.28*** 15.33 0.05 
R2 0.08*** 0.01  

 
Notes. N = 2,979. TGD = transgender or gender-diverse. METs = 

metabolic equivalents of task. R2 is reported for full model. 

*** p < .001. 
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Table 2.8: 

Metabolic Equivalents of Task/Minute as a Moderator of Relations Between Transgender or Gender-Diverse Status and Sleep Quality 

 Sleep Efficiency WASO Sleep Latency 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 88.67*** 0.03 52.66 57.89*** 0.20 5.27 6.73*** 0.09 1.38 
Sex assigned at birth 0.26*** 0.07 0.08 0.14 0.48 0.01 –0.28 0.22 –0.03 
Pubertal status 0.06 0.04 0.03 –1.12*** 0.26 –0.10 0.20 0.12 0.04 
Race –0.003 0.01 –0.01 –0.13 0.09 –0.03 0.08 0.04 0.04 
Family income –0.03 0.01 –0.04 0.30*** 0.09 0.06 –0.05 0.04 –0.02 
Waist circumference 0.01* 0.01 0.04 –0.22*** 0.04 –0.09 –0.004 0.02 –0.004 
TGD status –0.09 0.20 –0.01 –0.17 1.30 –0.003 –0.19 0.59 –0.01 
METs/minute –0.78*** 0.13 –0.12 4.95*** 0.82 0.12 –1.78*** 0.37 –0.10 
TGD Status x METs/Minute –0.35 0.70 –0.01 5.50 4.55 0.03 3.18 2.05 –0.03 
R2 0.04*** 0.01  0.05*** 0.01  0.01*** 0.004  

 
Notes. N = 2,979. TGD = transgender or gender-diverse. METs = metabolic equivalents of task. WASO = wake after sleep onset. 

Models were fit separately for each outcome. R2s are reported for full models. 

* p < .05. *** p ≤ .001. 
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Table 2.9: 

Metabolic Equivalents of Task/Minute as a Moderator of 

Relations Between Transgender or Gender-Diverse Status and 

Sleep Schedule 

 Sleep Midpoint 
 Estimate   SE β 
Intercept 163.40*** 0.11 26.21 
Sex assigned at birth –1.11*** 0.26 –0.09 
Pubertal status 0.70*** 0.14 0.11 
Race 0.08 0.05 0.03 
Family income –0.42*** 0.05 –0.16 
Waist circumference 0.11*** 0.02 0.08 
TGD status 0.16 0.71 0.004 
METs/minute –5.59*** 0.45 –0.24 
TGD Status x METs/Minute –1.40 2.51 –0.01 
R2 0.11*** 0.01  

 
Notes. N = 2,979. Sleep midpoint was divided by 10 to aid model 

convergence; intercept is equivalent to 3:14am. TGD = transgender 

or gender-diverse. METs = metabolic equivalents of task. R2 is 

reported for full model. 

*** p < .001. 
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Table 2.10: 

Metabolic Equivalents of Task/Minute as a Moderator of Relations Between Transgender or 

Gender-Diverse Status and Sleep Regularity 

 Variability in Sleep Minutes Variability in Sleep Midpoint 
 Estimate   SE β Estimate SE β 
Intercept 0.14*** 0.001 2.16 0.04*** 0.00 1.58 
Sex assigned at birth 0.001 0.003 0.01 –0.001 0.001 –0.02 
Pubertal status 0.01*** 0.001 0.08 0.002** 0.001 0.06 
Race 0.002*** 0.000 0.07 0.001*** 0.00 0.09 
Family income –0.01*** 0.00 –0.17 –0.001*** 0.00 –0.11 
Waist circumference 0.001*** 0.00 0.07 0.001*** 0.00 0.11 
Mean sleep variable –0.001*** 0.00 –0.36 0.12*** 0.01 0.31 
TGD status 0.01 0.01 0.03 0.01 0.003 0.03 
METs/minute –0.03*** 0.004 –0.12 –0.01** 0.002 –0.05 
TGD Status x METs/Minute –0.002 0.02 –0.002 0.01 0.01 0.03 
R2 0.24*** 0.01  0.18*** 0.00  

 
Notes. N = 2,979. TGD = transgender or gender-diverse. METs = metabolic equivalents of task. For 

variability in sleep minutes, the mean sleep variable is sleep minutes. For variability in sleep 

midpoint, the mean sleep variable is sleep midpoint. Models were fit separately for each outcome. R2s 

are reported for full models. 

* p < .05. ** p < .01. *** p < .001. 
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Table 2.11: 

Moderate-to-Vigorous Physical Activity as a Moderator of 

Relations Between Transgender or Gender-Diverse Status and 

Sleep Duration 

 Sleep Minutes 
 Estimate  SE β 
Intercept 451.09*** 0.66 12.03 
Sex assigned at birth 12.01*** 1.69 0.16 
Pubertal status –6.70*** 0.86 –0.17 
Race –1.16*** 0.29 –0.07 
Family income 1.29*** 0.31 0.08 
Waist circumference –1.00*** 0.15 –0.13 
TGD status –8.09 4.22 –0.04 
MVPA –0.03 0.03 –0.02 
TGD Status x MVPA 0.32* 0.16 0.04 
R2 0.08*** 0.01  

 
Notes. N = 2,979. TGD = transgender or gender-diverse. MVPA = 

moderate-to-vigorous physical activity. R2 is reported for full 

model. 

* p < .05. *** p < .001. 
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Table 2.12: 

Moderate-to-Vigorous Physical Activity as a Moderator of Relations Between Transgender or Gender-Diverse Status and Sleep Quality 

 Sleep Efficiency WASO Sleep Latency 
 Estimate SE β Estimate SE β   Estimate  SE  β 
Intercept 88.67*** 0.03 52.66 57.88*** 0.20 5.27 6.74*** 0.09 1.38 
Sex assigned at birth 0.23** 0.08 0.07 0.09 0.50 0.004 –0.41 0.23 –0.04 
Pubertal status 0.08* 0.04 0.05 –1.28*** 0.25 –0.11 0.24* 0.12 0.05 
Race –0.002 0.01 –0.003 –0.14 0.09 –0.03 0.09* 0.04 0.04 
Family income –0.02 0.01 –0.03 0.30*** 0.09 0.06 –0.04 0.04 –0.02 
Waist circumference 0.02* 0.01 0.04 –0.21*** 0.05 –0.09 0.00 0.02 0.00 
TGD status –0.02 0.19 –0.002 –0.76 1.26 –0.01 0.07 0.57 0.003 
MVPA –0.01*** 0.001 –0.10 0.03*** 0.01 0.07 –0.02* 0.003 –0.09 
TGD Status x MVPA –0.001 0.01 –0.004 0.04 0.05 0.02 0.06** 0.02 0.05 
R2 0.03*** 0.01  0.04***  0.01 0.01*** 0.004  

 
Notes. N = 2,979. TGD = transgender or gender-diverse. MVPA = moderate-to-vigorous physical activity. WASO = wake after sleep 

onset. Models were fit separately for each outcome. R2s are reported for full models. 

* p < .05. ** p < .01. *** p ≤ .001. 
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Table 2.13: 

Moderate-to-Vigorous Physical Activity as a Moderator of 

Relations Between Transgender or Gender-Diverse Status and 

Sleep Schedule 

 Sleep Midpoint 
 Estimate SE β 
Intercept 1,634.05*** 1.11 26.21 
Sex assigned at birth –9.51*** 2.81 –0.08 
Pubertal status 8.92*** 1.43 0.14 
Race 0.86 0.48 0.03 
Family income –4.32*** 0.50 –0.16 
Waist circumference 0.92*** 0.25 0.07 
TGD status 9.08 7.04 0.03 
MVPA –0.26*** 0.04 –0.12 
TGD Status x MVPA 0.19 0.27 0.01 
R2 0.07*** 0.01  

 
Notes. N = 2,979. Intercept is equivalent to 3:14am. TGD = 

transgender or gender-diverse. MVPA = moderate-to-vigorous 

physical activity. R2 is reported for full model. 

*** p ≤ .001. 
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Table 2.14: 

Moderate-to-Vigorous Physical Activity as a Moderator of Relations Between Transgender or 

Gender-Diverse Status and Sleep Regularity 

 Variability in Sleep Minutes Variability in Sleep Midpoint 
 Estimate SE β Estimate SE β 
Intercept 14.12*** 0.11 2.16 3.83*** 0.04 1.58 
Sex assigned at birth 0.13 0.27 0.01 –0.11 0.10 –0.02 
Pubertal status 0.61*** 0.14 0.09 0.17*** 0.05 0.07 
Race 0.21*** 0.05 0.07 0.09*** 0.02 0.09 
Family income –0.47*** 0.05 –0.17 –0.12*** 0.02 –0.11 
Waist circumference 0.09*** 0.02 0.07 0.06*** 0.01 0.11 
Mean sleep variable –0.06*** 0.003 –0.36 12.29*** 0.67 0.32 
TGD status 1.02 0.67 0.03 0.42 0.26 0.03 
MVPA –0.02*** 0.004 –0.08 –0.003 0.002 –0.04 
TGD Status x MVPA –0.02 0.03 –0.01 0.01 0.01 0.02 
R2 0.23*** 0.01  0.18*** 0.01  

 
Notes. N = 2,979. Dependent variables were multiplied by 100 to aid model convergence. TGD = 

transgender or gender-diverse. MVPA = moderate-to-vigorous physical activity. For variability in 

sleep minutes, the mean sleep variable is sleep minutes. For variability in sleep midpoint, the mean 

sleep variable is sleep midpoint. Models were fit separately for each outcome. R2s are reported for full 

models. 

*** p ≤ .001. 
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Table 2.15: 

Steps as a Moderator of Relations Between Transgender or 

Gender-Diverse Status and Sleep Duration 

 Sleep Minutes 
 Estimate SE β 
Intercept 451.11*** 0.66 12.03 
Sex assigned at birth 12.18*** 1.60 0.16 
Pubertal status –6.85*** 0.86 –0.17 
Race –1.16*** 0.29 –0.07 
Family income 1.34*** 0.31 0.08 
Waist circumference –1.09*** 0.15 –0.14 
TGD status –7.90 4.31 –0.04 
Steps –0.53* 0.23 –0.04 
TGD Status x Steps 2.88* 1.44 0.04 
R2 0.08*** 0.01  

 
Notes. N = 2,979. Steps were divided by 1,000 to aid model 

convergence. TGD = transgender or gender-diverse. R2 is reported 

for full model. 

* p < .05. *** p < .001. 
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Table 2.16: 

Steps as a Moderator of Relations Between Transgender or Gender-Diverse Status and Sleep Quality 

 Sleep Efficiency WASO Sleep Latency 
 Estimate SE β Estimate SE β Estimate SE β 
Intercept 88.67*** 0.03 52.66 57.88*** 0.20 5.27 6.73*** 0.09 1.38 
Sex assigned at birth 0.33*** 0.07 0.10 –0.44 0.48 –0.02 –0.20 0.21 –0.02 
Pubertal status 0.08 0.04 0.04 –1.27*** 0.26 –0.11 0.20 0.12 0.04 
Race –0.001 0.01 –0.002 –0.14 0.09 –0.03 0.09* 0.04 0.04 
Family income –0.03 0.01 –0.04 0.32*** 0.09 0.07 –0.04 0.04 –0.02 
Waist circumference 0.01 0.01 0.02 –0.17*** 0.04 –0.07 –0.03 0.02 –0.03 
TGD status 0.02 0.20 0.002 –0.96 1.29 –0.02 –0.27 0.58 –0.01 
Steps –0.03** 0.01 –0.06 0.10 0.07 0.03 –0.15*** 0.03 –0.09 
TGD Status x Steps 0.02 0.07 0.01 0.23 0.43 0.01 0.22 0.19 0.02 
R2 0.03*** 0.01  0.04*** 0.01  0.01** 0.004  

 
Notes. N = 2,979. Steps were divided by 1,000 to aid model convergence. TGD = transgender or gender-diverse. WASO = wake after 

sleep onset. Models were fit separately for each outcome. R2s are reported for full models. 

* p < .05. ** p < .01. *** p < .001. 
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Table 2.17: 

Steps as a Moderator of Relations Between Transgender or 

Gender-Diverse Status and Sleep Schedule 

 Sleep Midpoint 
 Estimate SE β 
Intercept 1,633.92*** 1.08 26.21 
Sex assigned at birth –9.53*** 2.58 –0.08 
Pubertal status 7.01*** 1.40 0.11 
Race 1.01* 0.47 0.04 
Family income –3.89*** 0.49 –0.14 
Waist circumference 0.18 0.24 0.01 
TGD status 1.15 7.00 0.003 
Steps –5.31*** 0.38 –0.26 
TGD Status x Steps –2.51 2.34 –0.02 
R2 0.12*** 0.01  

 
Notes. N = 2,979. Steps were divided by 1,000 to aid model 

convergence. Intercept is equivalent to 3:14am. TGD = transgender 

or gender-diverse. R2 is reported for full model. 

*** p < .001.  
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Table 2.18: 

Steps as a Moderator of Relations Between Transgender or Gender-Diverse Status and Sleep 

Regularity 

 Variability in Sleep Minutes Variability in Sleep Midpoint 
 Estimate SE β Estimate SE β 
Intercept 14.12*** 0.11 2.16 3.83*** 0.04 1.58 
Sex assigned at birth 0.17 0.25 0.01 –0.09 0.10 –0.02 
Pubertal status 0.48*** 0.14 0.07 0.16** 0.05 0.06 
Race 0.22*** 0.05 0.08 0.09*** 0.02 0.09 
Family income –0.45*** 0.05 –0.16 –0.12*** 0.02 –0.11 
Waist circumference 0.05 0.02 0.03 0.05*** 0.01 0.10 
Mean sleep variable –0.06*** 0.003 –0.36 11.91*** 0.69 0.31 
TGD status 0.78 0.68 0.02 0.40 0.26 0.03 
Steps –0.33*** 0.04 –0.15 –0.05** 0.02 –0.06 
TGD Status x Steps –0.18 0.23 –0.01 0.08 0.09 0.02 
R2 0.25*** 0.01  0.18*** 0.01  

 
Notes. N = 2,979. Dependent variables were multiplied by 100 to aid model convergence. TGD = 

transgender or gender-diverse. For variability in sleep minutes, the mean sleep variable is sleep 

minutes. For variability in sleep midpoint, the mean sleep variable is sleep midpoint. Models were fit 

separately for each outcome. R2s are reported for full models. 

** p < .01. *** p < .001. 
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Figures 

Figure 1.1: 

Sleep Minutes as a Moderator of Relations Between Sexual-Minority 

Discrimination and Aggressive Behavior 

 
 
 
Notes. SM Status = sexual-minority status.  
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Figure 1.2: 

Sleep Efficiency as a Moderator of Relations Between Sexual-Minority 

Discrimination and Rule-Breaking Behavior 

 
 
 
Notes. SM Status = sexual-minority status.  
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Figure 1.3: 

Wake After Sleep Onset as a Moderator of Relations Between Sexual-Minority 

Discrimination and Aggressive Behavior 

 
 
 
Notes. WASO = wake after sleep onset. SM Status = sexual-minority status.  
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Figure 1.4: 

Wake After Sleep Onset as a Moderator of Relations Between Sexual-Minority 

Discrimination and Rule-Breaking Behavior 

 
 
 
Notes. WASO = wake after sleep onset. SM Status = sexual-minority status.  
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Figure 2.1: 

Metabolic Equivalents of Task/Minute as a Moderator of Relations Between 

Transgender/Gender-Diverse Status and Sleep Minutes 

 
 
Notes. METs = metabolic equivalents of task. TGD = transgender or gender 

diverse.  
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Figure 2.2: 

Moderate-to-Vigorous Physical Activity as a Moderator of Relations Between 

Transgender/Gender-Diverse Status and Sleep Minutes 

 

Notes. MVPA = moderate-to-vigorous physical activity. TGD = transgender or 

gender diverse.  
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Figure 2.3: 

Moderate-to-Vigorous Physical Activity as a Moderator of Relations Between 

Transgender/Gender-Diverse Status and Sleep Latency 

 
 
Notes. MVPA = moderate-to-vigorous physical activity. TGD = transgender or 

gender diverse.  
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Figure 2.4: 

Steps as a Moderator of Relations Between Transgender/Gender-Diverse Status 

and Sleep Minutes 

 
 
Notes. TGD = transgender or gender diverse.  
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Appendix: Measures 

Child Behavior Checklist for Ages 6-18 (Achenbach & Rescorla, 2001) 

Below is a list of items that describe children and youths. For each item that describes your child 

now or within the past 6 months, please circle the 2 if the item is very true or often true of your 

child. Circle the 1 if the item is somewhat or sometimes true of your child. If the item is not true 

of your child, circle the 0. Please answer all items as well as you can, even if some do not seem 

to apply to your child.  

0 = Not True (as far as you know)   

1 = Somewhat or Sometimes True      

2 = Very True or Often True 

 

A. Anxious/Depressive Syndrome Scale – 13 items 

  14.  Cries a lot 

  29.  Fears certain animals, situations, or places, other than school 

  30.  Fears going to school 

  31.  Fears he/she might think or do something bad 

  32.  Feels he/she has to be perfect 

  33.  Feels or complains that no one loves him/her 

  35.  Feels worthless or inferior 

  45.  Nervous, highstrung, or tense 

  50.  Too fearful or anxious 

  52.  Feels too guilty 

  71.  Self-conscious or easily embarrassed 
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  91.  Talks about killing self 

112.  Worries 

 

B. Aggressive Behavior Syndrome Scale – 17 items 

    3. Argues a lot 

  16. Cruelty, bullying, or meanness to others 

  19. Demands a lot of attention 

  20. Destroys his/her own things 

  21. Destroys things belonging to his/her family or others 

  22. Disobedient at home 

  23. Disobedient at school  

  37. Gets in many fights 

  57. Physically attacks people 

  68. Screams a lot  

  86. Stubborn, sullen, or irritable 

  87. Sudden changes in mood or feelings 

  89. Suspicious 

  94. Teases a lot 

  95. Temper tantrums or hot temper 

  97. Threatens people 

104. Unusually loud 
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C. Rule-Breaking Behavior Syndrome Scale – 15 items 

    2.  Drinks alcohol without parents’ approval 

  26.  Doesn’t seem to feel guilty after misbehaving 

  28.  Breaks rules at home, school, or elsewhere 

  39.  Hangs around with others who get in trouble 

  43.  Lying or cheating 

  63.  Prefers being with older kids 

  67.  Runs away from home 

  72.  Sets fires 

  81.  Steals at home 

  82.  Steals outside the home 

  90.  Swearing or obscene language 

  96.  Thinks about sex too much 

  99.  Smokes, chews, or sniffs tobacco 

101.  Truancy, skips school 

105.  Uses drugs for nonmedical purposes (don’t include alcohol or tobacco) 

 

 


