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Abstract

Sleep difficulties may be one explanatory factor in the association between depression and

insulin resistance; yet, explicit tests of this hypothesis are lacking. We determined if there

was an indirect effect of depression symptoms on insulin resistance through sleep duration

in adolescents at risk for excess weight gain. We also investigated whether dispositional
mindfulness moderated the interconnections among depression, sleep, and insulin resistance.
Ninety adolescents (14.2 + 1.6y; 50% female) at risk for excess weight gain (body mass index
[BMI, kg/m?] z score 1.6 + 0.6) participated in the cross-sectional, baseline phase of a health
behaviors study. Depression was assessed with the Center for Epidemiologic Studies—Depression
Scale, sleep duration with the Sleep Habits Survey, and mindfulness with the Mindful Attention
and Awareness Scale. Homeostatic model assessment of insulin resistance was determined from
fasting insulin and glucose. The product-of-coefficients method was used to test the indirect effect
of depression on insulin resistance through sleep duration, accounting for age, sex, BMIz, puberty,
and socioeconomic status (SES). Dispositional mindfulness was tested as a moderator of the
associations among depression, sleep, and insulin resistance. There was a significant indirect effect
of depression on insulin resistance through sleep duration, controlling for age, sex, BMIz, puberty,
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and SES, 95%CIl [0.001, 0.05]. Dispositional mindfulness moderated the association between
sleep duration and insulin resistance, such that lower sleep duration related to greater insulin
resistance only among adolescents with lower mindfulness (p < .001). Short sleep may be one
explanatory factor in the depression-insulin resistance connection in adolescents at risk for excess
weight gain. Adolescents with poorer mindfulness and short sleep are at highest risk for insulin
resistance, whereas higher mindfulness may be protective.
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Introduction

Adolescents experience higher levels of depression symptoms and poorer sleep health
relative to childhood (Maslowsky & Ozer, 2014). Developmental changes in depression
and sleep have been attributed to the pubertal transition, in combination with a host of
social and psychological stressors of the adolescent period (Maslowsky & Ozer, 2014).
Depression and sleep are interconnected. Short sleep duration, < 8 hours per night in
adolescence (Hirshkowitz et al., 2015), is one symptom of major depressive disorder
(American Psychiatric Association, 2013), and even in the absence of a mood disorder,
adolescents with elevated depression symptoms experience shorter sleep than those with no
or low depression symptoms (Lovato & Gradisar, 2014). Depression symptoms (Hannon
etal., 2014; Shomaker et al., 2011) and shorter sleep duration (Flint et al., 2007; Javaheri
et al., 2011; Matthews et al., 2012; Simon et al., 2019) each have been related to higher
insulin resistance and increases in insulin resistance over time, consequently heightening
adolescents’ risk for developing type 2 diabetes.

One possible explanation is that depression symptoms worsen insulin resistance through
their effect on sleep. From this framework, depression symptoms are hypothesized to impair
adequate sleep duration, which in turn worsens insulin resistance (Holt et al., 2014). The
sleep-wake cycle plays a role in modulating insulin resistance and secretion in complex
ways. From a physiological perspective, short sleep duration alters the functioning of the
hypothalamic-pituitary-adrenocortical (HPA) axis, the critical neuroendocrine system that, in
conjunction with the autonomic nervous system, governs the body’s peripheral physiologic
response to stress, resulting in elevated daily cortisol output (Dutil & Chaput, 2017;
Reutrakul & Van Cauter, 2018). More elevated cortisol, in turn, has been associated with
higher insulin resistance (Misra et al., 2008) and worsening of insulin resistance over time
(Adam et al., 2010), even after adjusting for body mass index (BMI; kg/m?) or adiposity.
Short sleep duration also has been proposed to amplify sympathetic nervous symptom
activity, which becomes heightened in response to short sleep, and leads to dysregulation of
appetitive hormones (e.g., leptin) and disturbance of appetite/satiety regulation, which can
increase insulin resistance (Dutil & Chaput, 2017).

Existing literature provides support for the connection of depression and shorter sleep
duration in adolescents (Lovato & Gradisar, 2014), and in separate studies, for the
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connection of shorter sleep duration and insulin resistance (Flint et al., 2007; Javaheri et
al., 2011; Matthews et al., 2012; Simon et al., 2019). Yet, to our knowledge, no study has
investigated the indirect effect of depression symptoms on insulin resistance through sleep
duration in an integrated model. Understanding the interconnections of depression, sleep,
and insulin resistance in adolescents is important, because it offers the potential to inform
preventative approaches for type 2 diabetes. Thus, the first aim of the current project was
to evaluate the extent to which sleep duration underlies the association between depression
symptoms and insulin resistance in adolescents. We hypothesized that sleep duration would
be a significant intervening variable explaining the association of adolescent depression
symptoms with insulin resistance.

Further, we sought to characterize the potential moderating role of general, dispositional
mindfulness in the interconnections among depression, sleep duration, and insulin
resistance. Dispositional mindfulness refers to a propensity to purposefully pay attention
to the present moment with an attitude of non-judgment or equanimity (Kabat-Zinn,
1991). From a biopsychosocial theoretical lens, enhanced monitoring of thoughts, emotions,
and body sensations as they unfold moment-to-moment is theorized to protect or buffer
individuals against stress exposure through biological, psychological, and behavioral
mechanisms (Lazarus & Folkman, 1984). Higher dispositional mindfulness could be
anticipated to decrease insulin resistance through its effect on lowering depression
symptoms, but mindfulness also may directly improve awareness of and changes to
health-related behaviors, like sleep, and underlying stress-related physiology (Turner &
Hingle, 2017). Another possibility is that mindfulness acts directly on reducing stress and
ameliorating stress physiology (Epel et al., 2009). Mindfulness can be trained and has
been proposed to be most valuable for improved physical health among populations with
high stress (Creswell et al., 2019). Interventions focused on increasing mindfulness have
been efficacious for decreasing depression symptoms in adolescents in the short-term, as
compared to active comparisons (Dunning et al., 2019). Also, pilot studies suggest that
mindfulness-based interventions may decrease depression symptoms and ameliorate insulin
resistance in adolescents at risk for type 2 diabetes (Shomaker et al., 2017, 2019). The
mindfulness stress-buffering hypothesis purports that individuals with higher dispositional
mindfulness have lower stress reactivity and cope more effectively in the face of stress
(Creswell & Lindsay, 2014). However, there have been minimal tests of this concept in
adolescents.

To address this gap, we tested dispositional mindfulness as a moderator of the associations
of depression-insulin resistance, depression-sleep duration, and sleep durationinsulin
resistance in order to delineate where exactly mindfulness may modify the proposed
interconnections among these constructs. In line with biopsychosocial theory (Lazarus

& Folkman, 1984) and the stress buffering hypothesis (Creswell & Lindsay, 2014), we
predicted that each of these associations would be stronger at lower, or poorer, levels of
dispositional mindfulness and conversely, that the associations would be weaker at higher, or
more positive, levels of mindfulness.
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The current study represents a cross-sectional, secondary analysis of adolescent females and
males ages 12-17 years taking part in the baseline phase of a study on health behaviors

and attitudes in teenagers; a portion (60%) went on to participate in a pilot study of

a group mindfulness-based intervention (ClinicalTrials.gov ID; Shomaker et al., 2019).
Volunteers were recruited via letters to area families, newspaper and radio advertisements,
community-based informational sessions, community emails, and school/physician office
flyers. Inclusion criteria were: (1) age 12-17 years, (2) risk for adult obesity, determined as
adolescent BMI > 70th percentile for age/sex or two biological parents with BMI = 30 kg/m?
(Field et al., 2005), and (3) good general health, as reported by parents. Exclusion criteria
included: (1) a major medical condition such as type 1 or type 2 diabetes, (2) a psychiatric
disorder that was likely to interfere with study compliance, as determined by semi-structured
diagnostic psychological interview, (3) medication use such as anti-depressants, stimulants,
or insulin sensitizers that could influence mood, weight, or eating behavior, and (4)
pregnancy (females).

After an initial phone screen to evaluate study eligibility, adolescents and their parent/
guardian attended a laboratory screening visit to provide written informed consent/assent,
determine eligibility, and collect assessments. Participants were instructed to fast starting at
10:00 pm the night prior to the visit. Adolescents were financially compensated for their
time. All procedures were reviewed and approved by Institutional Review Board.

Body measurements

Height (cm) was measured three times without shoes to the nearest 0.1 cm using a
stadiometer and averaged. A calibrated digital scale was used to measure weight (kg) to

the nearest 0.1 kg in a fasted state and wearing light, indoor clothing. Height and weight
were used to calculate BMI (kg/m2), BMI standard score (BM1z), and BMI percentile based
on CDC 2000 growth charts (Kuczmarski et al., 2002).

Depression symptoms

The 20-item Center for Epidemiologic Studies-Depression Scale (CES-D) is a widely-used
continuous measure of depression symptoms experienced over the past week (Radloff,
1977). Each item is scored on a Likert scale from “0” (rarely or none of the time; less than 1
day) to “3” (all of the time; 5-7 days). The total score is calculated as the sum of all items,
with higher values indicative of greater depression symptomatology (Radloff, 1977). The
CES-D total score is reliable and validated in adolescent samples (Phillips et al., 2006) and
showed acceptable internal reliability (a = 0.72) in the current study.
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Sleep duration

Sleep duration was derived from two items on the Sleep Habits Survey (SHS; Wolfson

& Carskadon, 1998) to estimate weekday sleep duration. Adolescents reported on their
weekday bedtime and weekday waketime. Sleep duration in hours was calculated as the
difference between the self-recorded bedtime and waketime. The SHS has demonstrated
reasonable correspondence with objective sleep measurements in adolescents (Wolfson et
al., 2003).

Dispositional mindfulness

The Mindful Attention and Awareness Scale (MAAS) is a 15-item questionnaire of general,
dispositional mindfulness (Brown & Ryan, 2003), referring to how one assesses their
present-moment experiences in everyday activities. In a systematic review, the MAAS
demonstrated reliability and validity in adolescent samples (Pallozzi et al., 2017). Items

are rated on a Likert-scale from “1” (almost always) to “6” (almost never) with questions
such as “I find it difficult to stay focused on what’s happening in the present.” The total
score is the average of all items, with higher scores indicating relatively higher, or more
positive, dispositional mindfulness. In the current study, the MAAS showed good internal
reliability (a = 0.92).

Insulin resistance

Puberty

A trained phlebotomist collected a fasting blood sample from an antecubital vein into

a blood tube containing EDTA. A STAT 2300 Plus Glucose Lactate Analyzer (Yellow
Springs Instruments, Yellow Springs, OH) was used to immediately analyze in duplicate
the glucose concentrations in whole blood. The tubes were then centrifuged at 2500 rpm
for 12 minutes, and plasma was removed and transferred to plastic bullet tubes which were
frozen at —70 degrees Celsius until the insulin assays were completed. Radioimmunoassay
was used to analyze plasma insulin (Millipore, Billerica, Massachusetts). Insulin resistance
was estimated with the homeostatic model assessment of insulin resistance (HOMA-IR),
calculated as (fasting insulin [uU/mL] X fasting glucose [mmol/L])/22.5, which shows
reasonable correspondence with clamp-derived measures in adolescents who are lean and
those with overweight/obesity (George et al., 2011; Gungor et al., 2004).

Tanner stage was collected through adolescents’ self-report on a validated questionnaire
(Morris & Udry, 1980). Participants were asked to define their physical development based
on illustrations of their external characteristics, which corresponded to Tanner stages 1-5 of
breast development for girls and Tanner stages 1-5 of pubic hair development for boys.

Socioeconomic status

Parents reported educational attainment, which was categorized as less than college degree
or college degree or higher (Braveman et al., 2005). Self-reported educational attainment has
been used as an indicator of socioeconomic status (SES), and has been associated with other
area-based SES indicators (Berkowitz et al., 2015; Braveman et al., 2005).
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Data analysis

Results

Data were analyzed using SPSS for Windows, version 25 (IBM Corporation, Armonk, NY,
USA). Multiple imputation with five imputed datasets and aggregated pooled estimates was
used to handle systematically missing data (3% of all data). To address the first study
objective, the indirect association of depression symptoms and insulin resistance through
sleep duration was tested with the PROCESS SPSS macro by Hayes (v3.0; 2018), which
uses a product-of-coefficients approach with 5,000 bias-corrected bootstrapped estimates to
assess the significance of the indirect association or intervening variable (Preacher & Hayes,
2004). Sex, age, BMIz score, puberty, and SES were included as covariates, due to their
known relationships with depression, sleep duration, and insulin resistance and to ensure that
results were independent of these variables. A simple mediation model (PROCESS Model 4;
Fig. 1) was used to examine the indirect association (ab-path), which represents the portion
of the total association between depression symptoms and insulin resistance that occurs
through sleep duration. As the indirect association (ab-path) is a product of the individual

& and b-paths, the indirect effect can still be significant even if one of the individual paths
does not reach statistical significance (Hayes, 2018). Following standard procedures (Hayes,
2009), we also report the apath, representing the association between depression symptoms
and sleep duration; the b-path, reflecting the association between sleep duration and insulin
resistance; the ¢ *path, representing the direct association between depression symptoms and
insulin resistance, independent of the association that occurs through sleep duration; and

the c-path, which is the overall, total association between depression symptoms and insulin
resistance that combines the direct and indirect associations.

To address the second study objective, moderation models (PROCESS Model 1; Fig. 2) were
used to test dispositional mindfulness as a moderator of each of the associations modeled

in the first aim. We examined moderation for these associations separately, as opposed to
using a single moderated indirect effect model, in order to pinpoint which associations were
affected by mindfulness level and due to sample size constraints of modeling indirect effects
and multiple moderation simultaneously. We tested whether dispositional mindfulness
moderated the association between depression symptoms and sleep duration (the “&-path” in
the original simple mediation model), the association between sleep duration and insulin
resistance (“b-path”), and finally, the association of depression symptoms and insulin
resistance (“c-path”). Following standard procedures, in order to interpret the meaning of
any significant moderation findings, we examined conditional associations at low (-1 SD
below the mean), average (mean), and high (+ 1 SD above the mean) values of dispositional
mindfulness (Preacher et al., 2007).

Descriptive information

A total of /=90 adolescents (50% female; M+ SDage 14.2 + 1.6 years) participated in
the study. Descriptive information on socio-demographic characteristics and key variables is
provided in Table 1. Eighteen percent of the sample endorsed elevated depression symptoms
(CES-D total score = 21; Stockings et al., 2015) and 28% reported insufficient weekday
sleep (< 8 hours; Hirshkowitz et al., 2015).
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Indirect effect of depression symptoms on insulin resistance through sleep duration

In the simple intervening variable model, the indirect association (ab-path) was significant,
meaning that depression symptoms were related to insulin resistance, indirectly, through
sleep duration (ab-path: B=0.02; SE = 0.01; biascorrected bootstrapped 95% CI = [0.001,
0.05]), controlling for sex, age, BMIz score, puberty, and SES. Depression symptoms were
inversely related to sleep duration (a-path: B=-0.06, SE=0.02, 95% CI [-0.10, —-0.01]),
such that higher depression symptoms were associated with lower sleep duration, even after
accounting for covariates. Sleep duration, in turn, was inversely related to insulin resistance
(6-path; B=-0.38, SE=0.10, 95% CI [-0.58, —0.19]), such that longer sleep duration

was associated with lower insulin resistance, even after accounting for covariates. The direct
association (¢ -path) and the total association (c-path) were not significant.

Dispositional mindfulness as a moderator

A summary of results with dispositional mindfulness as a moderator is provided in Table 2.
Dispositional mindfulness did not moderate the association between depression symptoms
and sleep duration (the “a-path” in the original model). However, dispositional mindfulness
did significantly moderate the association between sleep duration and insulin resistance
(“b-path”; B=0.19, SE=0.08, p=0.03), accounting for sex, age, BMIlz, puberty, and

SES. To probe the meaning of this interaction, we examined the conditional relationship
between sleep duration and insulin resistance at different levels of dispositional mindfulness
(Fig. 3). Sleep duration was inversely related to insulin resistance at relatively lower levels
of mindfulness (conditional relationship at —=1 SD; B=-0.41, SE=0.10, 95% CI [-0.61,
-0.21], p<0.001). However, sleep duration was not related to insulin resistance at average
levels of mindfulness (conditional relationship at M; B=-0.21, SE=0.11, 95% CI [-0.44,
0.01], p=0.06) nor at relatively higher levels of mindfulness (conditional relationship at +
1SD; B=-0.01, SE=0.18, 95% CI [-0.37, 0.34], p=0.94). Dispositional mindfulness did
not moderate the association between depression and insulin resistance (the “c-path” in the
original model).

Discussion

The results of the present study suggest that sleep duration may be an intervening variable
in the relation of adolescent depression symptoms to insulin resistance. Further, adolescents’
dispositional mindfulness moderated the link between sleep and insulin resistance, such that
lower sleep duration related to higher insulin resistance only among adolescents with lower
mindfulness. In contrast, sleep duration was not related to insulin resistance for adolescents
with average or higher mindfulness.

The current data add to the existing literature that has shown a significant association of
depression with insulin resistance and heightened risk for type 2 diabetes in adults (Kan et
al., 2013). These findings further add to a smaller body of literature suggesting a connection
of depression symptoms with insulin resistance and type 2 diabetes in adolescents and young
adults, independent of BMI or body composition (Hannon et al., 2014; Shomaker et al.,
2011; Suglia et al., 2018). The mechanisms underlying the depression-insulin resistance
connection are likely to be complex. Data from the current study are correlational and cross-
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sectional. Yet, these findings are suggestive that sleep duration could be one explanatory
factor accounting for the association of depression with insulin resistance in adolescents. In
the current study, the direct relationship between depression symptoms and sleep duration
reached statistical significance, which is consistent with past literature (Lovato & Gradisar,
2014). For example, meta-analytic data suggest that adolescents with elevated depression
symptoms experience shorter sleep duration and more sleep disturbances, including more
wakefulness in bed, lighter sleep, longer sleep onset, more waking after sleep onset, and
lower sleep efficiency, than adolescents with no or low depression symptoms (Lovato &
Gradisar, 2014).

The current results also are in alignment with a growing body of literature indicating

that shorter sleep duration is associated with higher insulin resistance in children and
adolescents (Flint et al., 2007; Javaheri et al., 2011; Matthews et al., 2012; Simon et al.,
2019). The association between sleep duration and insulin resistance could potentially be
explained through stress-related hormones that influence insulin resistance, such as cortisol
(Dutil & Chaput, 2017; Reutrakul & Van Cauter, 2018). Sleep affects a multitude of stress-
related physiological factors, including the sympathetic nervous system, that affect appetite
regulation (e.g., leptin) and metabolism, which also may be explanatory (Dutil & Chaput,
2017; Reutrakul & Van Cauter, 2018). For instance, children and adolescents with short
sleep consume more carbohydrates from a laboratory test meal than those with adequate
sleep, which may have downstream effects on insulin resistance (Mi et al., 2019). The
interplay of adolescent sleep and eating behavior in relation to insulin resistance merits
consideration in future research.

The indirect association of depression and insulin resistance through sleep duration adds
value to our understanding of potentially modifiable risk factors for type 2 diabetes among
at-risk adolescents. In future research, it will be important to both objectively characterize
naturalistic sleep (e.g. actigraphy as opposed to relying on self-report) and to investigate
additional dimensions of sleep behavior (e.g., sleep quality; Rawat et al., 2019), sleep
physiology (e.g., sleep-disordered breathing), and circadian rhythms (e.g., misalignment
between sleep time relative to the social clock; Leproult et al., 2014) that might be related
to insulin resistance. Although sleep duration has been studied most extensively in relation
to metabolic health, disentangling the unique associations of these various sleep health
characteristics in relation to insulin resistance in adolescents would be valuable.

Additionally, our results indicated that the association of sleep duration and insulin
resistance was moderated by dispositional mindfulness. Sleep duration was inversely
related to insulin resistance when adolescents had relatively lower mindfulness. Conversely,
consistent with the stress-buffering hypothesis (Creswell & Lindsay, 2014), among
adolescents with average or relatively higher dispositional mindfulness, sleep duration did
not relate to insulin resistance. One possible explanation is that if adolescents have average
or greater dispositional mindfulness, compared to lower levels of mindfulness, they may
be able to cope better with stressors, including the stress generated from insufficient sleep.
In turn, more effective coping could mitigate the negative implications of insufficient sleep
for insulin resistance (Dutil & Chaput, 2017; Matthews et al., 2016). In line with this
explanation, adolescents with greater dispositional mindfulness have been shown to more
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frequently use effective coping skills (Lucas-Thompson et al., 2019; Metz et al., 2013) and
to less frequently use maladaptive coping strategies such as emotional eating or overeating
foods high in carbohydrate and fat, which promote insulin resistance (Pivarunas et al., 2015).
In addition, greater dispositional mindfulness could directly translate into a more adaptive or
positive physiological responding to stress (Lucas-Thompson et al., 2019), which also offers
the potential to explain the protective associations with insulin resistance. The current data
are consistent with studies demonstrating an inverse association of dispositional mindfulness
with insulin resistance in adults (Loucks et al., 2016) and with better glycemic control in
young adults with type 1 diabetes (Nagel et al., 2020).

The results of the current study may have potential implications for informing targeted,
preventative interventions for worsening insulin resistance in adolescents. Cognitive-
behavioral and mindfulness-based group interventions tailored to improve sleep in
adolescents with elevated depression or anxiety symptoms have resulted in improved
subjective sleep quality (Blake et al., 2017), and studies in young adults suggest that
mindfulness-based interventions improve sleep quality and reduce pre-sleep arousal and
daytime sleepiness (Bogusch et al., 2016; Caldwell et al., 2010; Howell et al., 2010).
Therefore, it may be valuable to investigate the benefits of including sleep health
intervention components within mindfulness-based interventions for insulin resistance,
particularly in adolescents with elevated depression symptoms and/or sleep disturbance.

It is important to note that the current study was a secondary analysis with several
limitations. The sample size was relatively small, which could have contributed to type

Il error. Although reflective of the demographics of the geographic location for recruitment,
there was limited representation of adolescents from historically disadvantaged racial/ethnic
groups who are most at risk for adult obesity and obesity-related comorbidities such as

type 2 diabetes. Insulin resistance was estimated from fasting samples as opposed to
repeated time sampling; repeated time sampling may yield more accurate estimation. Sleep
duration was derived from adolescents’ self-reports rather than actigraphy, necessitating
replication of the current results with objective sleep assessments. As such, our measurement
of sleep duration might be better conceived as “sleep opportunity” or “time in bed.”
Furthermore, as this was a cross-sectional study, we cannot determine causality nor rule

out the influence of third variable effects. Future research using longitudinal data is needed
to characterize the pathways among changes in depression symptoms, sleep, and insulin
resistance, which would help us to better understand the complexity of these interconnected
variables during adolescence. Moreover, the construct of mindfulness involves multiple
components, including increased attention to thoughts, emotions, and behaviors, as well

as self-acceptance or self-compassion. Understanding which facets of mindfulness may be
most beneficial to possibly mitigating poor metabolic health outcomes will be important in
future studies.

Taken together, the current results underscore the inter-connectedness of depression, sleep,
and insulin resistance, and suggest a role for mindfulness in the association of sleep

and insulin resistance in adolescents at risk for excess weight gain. Experimental studies
are needed to determine if mindfulness-based training actually improves sleep and its
downstream effects on risk for type 2 diabetes.
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Fig. 1.

Insulin
Resistance

Path model of the mediating role of sleep duration in the relationship between depression
insulin resistance. Values presented are unstandardized beta coefficients. ***p < 0.001. *p <

0.05.
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Insulin Resistance

Path model of the moderating role of dispositional mindfulness on (a): depression
symptoms-sleep duration, (b): sleep duration-insulin resistance, and (c): depression

symptoms-insulin resistance
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The moderating role of dispositional mindfulness in the association of adolescent self-
reported weekday sleep duration with homeostasis model assessment of insulin resistance
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Descriptive information for the study sample

Variable Mean SO %
Age, years 1425  1.65 -
BMI, kg/m? 2763 488 -
BMIz, standard score for age/sex 1.64 0.57 -
BMI, percentile for age/sex 9150 1218 -
Weight status

Lean (5-84th percentile) - - 18
Overweight (85-94th percentile) - - 22
Obesity (= 95th percentile) - - 60
Sex

Male - - 50
Female - - 50
Race/ethnicity

Non-Hispanic White - - 67
Hispanic - - 30
Asian - - 2
American Indian or Alaskan Native - - 1
Depression symptoms (CES-D total) 1258 7.36 -
No or low depression symptoms - - 82
Elevated depression symptoms - - 18
Weekday sleep duration (hours) 8.45 178 -
< 8 hours 28
8-10 hours 67
> 10 hours 5
Dispositional mindfulness (MAAS) 4.15 1.05 -
HOMA-IR 2.44 1.73 -

Table 1

Page 17

N=90; BMI is body mass index. CES-D is the 20-item Center for Epidemiologic Studies-Depression Scale; the total sum score has a possible
range of 0 to 60, with higher values representing greater depression symptomatology (more negative valence) and elevated depressive symptoms
referring to a total score = 21. MAAS is the Mindful Attention Awareness Scale with possible scores of 1 to 6, with higher scores indicating more
mindfulness (more positive valence). Weekday sleep duration is self-reported by adolescents and calculated from bedtime/waketime. HOMA-IR is

the homeostatic model assessment of insulin resistance, with higher values representing greater insulin resistance (more negative valence).
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