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Abstract

Adults are thought to show a sleep-stress spiral in which greater stress worsens sleep quality, 

which amplifies stress, which leads to worse sleep. This study examined whether adolescents show 

a similar spiral, and if so, whether coping self-efficacy—believing one can cope with stress—

interrupts the spiral. Temporal dynamics of perceived stress, sleep quality, and coping self-efficacy 

were tracked in 381 9th graders (49% female, mean age 14.43, age range 14–16) using daily 
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surveys across two school weeks (3184 observations). Though expected associations were evident 

between individuals, only a unidirectional path was found within individuals from sleep quality to 

perceived stress via coping self-efficacy. This challenges the conventional bidirectional 

understanding of sleep-stress relations and suggests coping self-efficacy as an intervention target.
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Introduction

For many, adolescence is a time of increased stress (Gunnar, Wewerka, Frenn, Long, & 

Griffs, 2009; Hollenstein & Lougheed, 2013) and worse sleep (Roberts, et al., 2009), a 

potent combination that increases risk for mental health problems (Owens & Adolescent 

Sleep Working Group, 2014; Short, Booth, Omar, Ostlundh, & Arora, 2020). Prior research 

in adults suggests bidirectional links between perceived stress and sleep that can create a 

downward spiral in well-being (Kahn, Sheppes, & Sadeh, 2013). It is not yet clear, however, 

whether and how this downward spiral plays out day to day in the lives of adolescents. 

Moreover, it is crucial to understand what factors might disrupt this spiral and buffer 

adolescents against negative emotional and behavioral consequences. Because new school 

settings are a valuable test-bed to understand how stress related to transitions and peer 

dynamics interacts with poorer sleep (Roberts, et al., 2009), the present study examined 9th 

graders in the United States to assess whether a similar spiral is evident, and if so, to see 

whether students’ beliefs in their ability to cope with stress can interrupt this spiral.

The Stress-Sleep Link in Adolescence

Adolescence often involves a number of stressful changes, including the transition to high 

school (Lee, et al., 2019; Rudolph et al., 2001). However, the impacts of these changes are 

not uniform. Past research indicates that perceived stress in adolescents increases with age 

(Hampel & Petermann, 2006) and is greater for females (Hampel & Petermann, 2006; 

Wiklund, et al., 2012), lower-SES students (Dowd, Palermo, Chyu, Adam, & McDade, 

2014; Finkelstein, Kubzansky, Capitman, & Goodman, 2007; Huynh & Chiang, 2018), and 

Black relative to White students (DeSantis, et al., 2007; Dowd, Palermo, Chyuu, Adam, & 

McDade, 2014; Valois, Zullig, & Hunter, 2015). Adolescence is also associated with 

decreased sleep quality (Bartel, Gradisar, & Williamson, 2015; Crowley, Acebo, & 

Carskadon, 2007; Sadeh & Gruber, 2002), due in part to increased academic and social 

responsibilities, late-night screen use, and the mismatch between work and school schedules 

and circadian rhythm delay (Carskadon & Wolfson, 2003; Owens & Adolescent Sleep 

Working Group, 2014) coupled with early school start times. Sleep quality has strong 

associations with adolescent depression (Alfano, Zakem, Costa, Taylor, & Weems, 2009) 

and is impaired in low-SES (Huynh & Chiang, 2018) and minority students experiencing 

discrimination (Majeno, et al., 2018; Wang & Yip, 2020). One important question is whether 

changes in stress precede sleep or vice versa.
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Both cross-sectional and experimental research in adults suggests a bidirectional spiral 

between stress and sleep (Kahn, Sheppes, & Sadeh, 2013). Cross-sectional diary studies find 

that higher levels of stress, negative affect, and anxiety are associated with a lower 

percentage of the night spent asleep (Åkerstedt, et al., 2007), longer time to fall asleep, 

shorter total sleep time, and worse sleep quality (Kalmbach, et al., 2014). Experimental 

stress induction studies have shown that stressful anticipation leads to poor sleep quality and 

reduced total sleep time (Gross & Borkovec, 1982; Guastella & Moulds, 2007). 

Experimental sleep deprivation causes next-day heightened negative reactivity (Goldstein & 

Walker, 2014; Ben Simon et al., 2020) and negative attentional bias (Krause, et al., 2017); 

increased anger, stress, and frustration in the face of challenges (Minkel, et al., 2012); and an 

exaggerated stress response during an anxiety-provoking task (Yang et al., 2012). In general, 

studies in adults find stronger associations between negative affect and self-reported sleep 

quality compared to objective sleep measures such as actigraph-measured sleep efficiency 

(Konjarski, et al., 2018).

Far less is known about the association between sleep and stress in adolescents. Cross-

sectionally, academic stress (Yan, Lin, & Su, 2018) and racial/ethnic discrimination–related 

stress (Majeno, et al., 2018) appear to be correlated with sleep quality in adolescence. In 

terms of the pathway from stress to sleep, researchers have focused on perceived stress, 

referring to an individual’s perception that demands on them outstrip their resources 

(Blascovich & Mendes, 2010), and on subjective perceptions of sleep quality. This line of 

research found that perceived stress impairs subsequent sleep quality among high schoolers 

(Baum, et al., 2014). For the pathway from sleep to perceived stress, a qualitative meta-

analysis found that poor sleep quality was associated with anxiety and depression symptoms 

in children and teens in both community and clinical samples (Gregory & Sadeh, 2012). A 

large cognitive-behavioral and mindfulness-based sleep intervention showed that behavioral 

issues could be reduced by improving sleep quality (Blake, et al., 2017). One recent 

longitudinal study in a 7th grade cohort (Kortesoja, et al., 2020) indicated that emotional and 

behavioral difficulties preceded poor and shortened sleep duration three and five years later. 

This effect was larger than the effect in the reverse direction, suggesting an asymmetric 

bidirectional relationship over a timescale of several years. Another study, a brief three-day 

ecological momentary assessment, also found bidirectional evidence: Higher self-reported 

stress measured five times a day was associated with shorter subsequent sleep duration, and 

shorter sleep duration and lower sleep efficiency (the percentage of time in bed spent asleep, 

considered a quantitative corollary of sleep quality) were associated with higher next-day 

perceived stress (Doane & Thurston, 2014). Over the longer term, poor sleep can have 

serious consequences, including the development of depressive symptoms, higher risk-

taking behaviors, and increased risk of suicide (Lee, et al., 2012; Owens & Adolescent Sleep 

Working Group, 2014; Palmer, et al., 2018). However, the authors are not aware of any prior 

study that simultaneously examines both temporal orders at once through a daily diary study 

lasting more than three days, making it difficult to determine whether the bidirectional 

stress-sleep spiral seen in adults is evident in adolescents’ daily lives.
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Coping Self-Efficacy: Interrupting the Downward Spiral?

If there is indeed a stress-sleep spiral in adolescence, one crucial question is how its 

downward course might be interrupted. Given that there are two steps in the spiral, one 

approach would be to intervene on adolescents’ sleep. However, it is notoriously difficult for 

adolescents to alter their sleep timing, given structured school schedules and social demands, 

or to access and complete sleep therapies (Moseley & Gradisar, 2009; Meltzer, et al., 2010; 

Owens, 2014).

A second approach would be to intervene on the side of subjective perceptions of stress. In 

particular, one key source of stress is an individual’s perception that they are unable to 

manage ongoing challenges and demands (Compas et al., 1991). The cognitive theory of 

stress and coping suggests that people make a primary appraisal of how a stressor will their 

well-being, as well as a secondary appraisal of their own coping resources (Folkman, 1984). 

When people believe that they cannot manage their stress, they experience additional stress 

engendered by the sense that they cannot manage the demands they are facing (Benight & 

Bandura, 2004). In contrast, even under conditions of high stress, people who believe that 

they are able to manage stress perceive the stress as being less toxic (Bandura, 1986; 

Schwarzer & Jerusalem, 1992). This belief that one is able to manage one’s own stress is 

known as coping self-efficacy (Bandura, 1993). In a similar vein, theories of personal 

agency in the stress process (Pearlin, et al., 1981; Thoits, 2006) argue that individuals with a 

sense of control, confidence, and optimism about having the resources to cope are more 

likely to respond effectively to stress because they select situations and roles in which they 

believe they have agentic control.

There is mounting research in the field about how altering mindsets relating to stress can 

powerfully shift stress-related health outcomes (Jamieson, Crum, Goyer, Marotta, & 

Akinola, 2018). In one study of adolescents, coping self-efficacy was shown to be positively 

related to well-being via reduced use of maladaptive coping strategies (Cicognani, 2011). In 

inner-city adolescents, having a sense of personal control over stressors mediates the 

relationship between a variety of stress domains and depressive symptom severity (Deardoff, 

Gonzales, & Sandler, 2003). Given the potential stress-modulating effects of coping self-

efficacy, it is noteworthy that coping skills and self-efficacy more broadly dip during 

adolescence (Cracco, Goossens, & Braet, 2017; Hampel & Petermann, 2006; Schunk & 

Meece, 2005), with lower coping self-efficacy associated with greater depression symptom 

severity (Rudolph, Kurlakowsky, & Conley, 2001; Thompson, et al., 2010), socioeconomic 

status (Finkelstein, Kubzansky, Capitman, & Goodman, 2007; Waschbusch, Sellers, 

LeBlanc, & Kelley, 2003), sex (Bacchini & Magliulio, 2003; Schunk & Meece, 2005; 

Valois, Zullig, & Hunter, 2015), and certain ethnic and racial groups (Schunk & Meece, 

2005; Valois, Zullig, & Hunter, 2015; Wang & Yip, 2020). Coping self-efficacy appears to 

mediate the relationship between lower socioeconomic status and perceived stress 

(Finkelstein, Kubzansky, Capitman, & Goodman, 2007; Glassock, Andersen, Labriola, 

Rasmussen, & Hansen, 2013) as well as the association between early childhood abuse and 

attention-deficit hyperactivity disorder (Singer, Humphreys, & Lee, 2016). Self-efficacy also 

seems to impact perceived stress as well as sleep. A large longitudinal study of 15-year-olds 

found that the effects of baseline perceived school-related stress on life satisfaction over four 
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years were moderated by higher general self-efficacy at baseline (Burger & Samuel, 2017). 

General self-efficacy was also found to moderate the effects of a cognitive-behavioral and 

mindfulness-based sleep intervention in a large adolescent sample, such that the intervention 

was most effective for individuals with moderate to high self-efficacy (Blake, et al., 2018). 

One finding in the context of adult social anxiety disorder suggests that it is not the specific 
coping strategy used that predicts improvement, but the extent of self-efficacy reported for 

people’s ability to cope with stressors (Goldin et al., 2012). This supports work by Bonanno 

and Burton (2013) suggesting that regulatory flexibility rather than efficacy of a single 

coping strategy in the face of stressors is more predictive of well-being. However, the role of 

coping self-efficacy in the context of adolescents’ daily life perceived stress and sleep 

processes has not yet been examined.

Current Study

In light of the conflicting literature in adults and the paucity of research in adolescent 

samples, the goal of this study is to understand the bidirectional associations among daily 

reports of perceived stress, sleep quality, and coping self-efficacy in adolescents. For this 

study, daily diaries were administered to 9th grade adolescents across two weeks of school. 

Hypotheses concerning temporal associations from one night to the next school day and 

from one school day to that night were tested. For the first hypothesis, a negative 

bidirectional association between perceived stress and sleep quality was expected (Baum, et 

al., 2014; Gregory & Sadeh, 2012). Second, a negative bidirectional daily association 

between coping self-efficacy and perceived stress was predicted (Bandura, Reese, & Adams, 

1982; Tamir, et al., 2007). Third, based on exploratory findings in a held-out sample, it was 

predicted that sleep quality would be positively associated with next-day coping self-efficacy 

but that coping self-efficacy would not be associated with next-night sleep quality, due to 

other factors (e.g., social and academic pressures, school start time) that exert a stronger 

influence on sleep quality in high schoolers.

The model tested also included demographic covariates known to have robust associations 

with perceived stress, sleep quality, and coping self-efficacy in order to determine whether 

temporal associations held above and beyond group differences. Specifically, the model 

adjusted for age and pubertal status as indices of developmental stage, depression status, 

maternal college education as an index of socioeconomic status (SES), sex, and race. School 

was also included as a covariate to adjust for any between-school differences in the sample. 

No specific a priori hypotheses were pre-registered as to how each of these adjustment 

covariates would be associated with perceived stress, sleep quality, and coping self-efficacy, 

given the complexity of covariation once all variables were included in the model.

Several key features of this study’s approach bear emphasis. First, most adolescent studies 

focus on just one half of the stress-sleep spiral, whereas this study tests both directions using 

a powerful new temporal modeling approach known as dynamic structural equation 

modeling (DSEM; Hamaker, et al., 2018). Second, this study uses a repeated design and 

considers all three hypothesized elements—sleep quality, perceived stress, and coping self-

efficacy—to determine how these associations play out over time during a school week. 
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Third, this study focuses on subjective sleep quality in order to capture the contribution of 

students’ holistic perceptions of sleep.

Methods

Sample

As part of the Texas Longitudinal Study of Adolescent Stress Resilience: Daily Diary 

Sample (TLSASR:DDS) (Yeager, et al., 2016), data were collected from 9th-graders in five 

diverse schools in Austin, Texas, after approval from the University of Texas at Austin 

Institutional Review Board. About 1,200 students were recruited. The present study consists 

of all 556 control group participants who did not receive a randomized intervention trial, 

who provided their written consent to participate in the study, and who answered questions 

about implicit theories and internalizing symptoms (see Lee et al., 2019, for details).

As a first step, exploratory models were developed with a subset of the data using one school 

(n = 175 from 15 classrooms; 92 females, 83 males). Based on those exploratory findings, 

confirmatory hypotheses were pre-registered on the Open Science Framework: https://osf.io/

3tdeq/register/564d31db8c5e4a7c9694b2be. For the present study, hypotheses were tested 

on held-out data from the remaining four schools. A limited number of constructs and a 

small number of hypotheses were chosen to prevent false positives while performing 

confirmatory analyses on the remaining three schools. The results were also replicated using 

multiple analytic methods, and ultimately the method that best matched the structure of the 

data was chosen after unblinding the data.

Data collection took place in fall 2016 or 2017 and consisted of baseline survey measures 

collected during one class period, which took around 30 to 45 minutes to complete, followed 

one to two weeks later by self-reported daily diaries obtained during 10 school days 

(Monday through Friday) over two consecutive weeks of school.

Measures

Daily Diary.—The following measures were collected via online daily surveys in the 

classroom or in the school computer labs using desktops, laptops, or smartphones between 

1:00 and 4:30 p.m. in a once-daily diary each weekday (Monday through Friday) across two 

consecutive weeks of school, totaling up to 10 diaries. Each participant completed the daily 

diary during the same class period throughout the two weeks to keep the time period 

constant within person, varying across participants depending on their class schedules. The 

daily survey included roughly 60 items (depending on students’ endorsed experiences), from 

which a subset was chosen to assess the constructs of interest.

Coping self-efficacy (CSE): Coping self-efficacy (CSE) was measured using an averaged 

composite of three items (Cronbach’s alpha: 0.75; 95% CI = 0.74, 0.77): “Today I felt 

confident that I could handle the stresses that I experienced,” “I felt like I could handle the 

negative thing that happened to me today,” and “I feel overwhelmed by the negative things 

that happened to me today” (reverse scored) (Yeager, Lee, & Jamieson, 2016). Responses to 

these three items were made on a 7-point radio button scale from “Strongly disagree (1)” to 

“Strongly agree (7)”. The test-retest reliability from the first week to the second week of the 
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diary was r = 0.38 (t(1390) = 15.12, p < 0.0001). These items have shown convergence with 

cortisol measures (Lee, et al., 2019). The association between the coping self-efficacy 

composite measure and an averaged composite of global scores on the Perceived Stress 

Scale (Cohen & Williamson, 1988) and Child Depression Inventory (Kovacs, 1992) at 

baseline was moderate (Pearson’s r = −0.35, t(373) = −7.24, p < 0.0001), suggesting further 

criterion validity.

Perceived stress (PS): Perceived stress (PS) was operationalized using a rating on a 7-point 

radio button scale from “Strongly disagree (1)” to “Strongly agree (7)” in response to the 

daily diary question “Today I felt very stressed.” The test-retest reliability from the first 

week to the second week of the diary was r = 0.42 (t(1390) = 16.84, p < 0.0001). This single 

item has shown convergence with cortisol measures (Lee, et al., 2018), as well as relevant 

baseline trait measures. Mean ratings of this item across the two weeks were moderately to 

strongly associated (Pearson’s r = 0.49, t(343) = 10.31, p < 0.0001) with baseline ratings on 

the Perceived Stress Scale (Cohen & Williamson, 1988), suggesting reasonable criterion 

validity.

Sleep quality (SQ): Sleep quality (SQ) was measured using a rating on a 5-point radio 

button scale from “Very good (5)” to “Very bad (1)” in answer to the daily diary question 

“How would you rate your sleep quality last night?”, which was adapted from the Pittsburgh 

Sleep Quality Index (Buysse, et al., 1989). This item is the gold standard for daily sleep 

diaries (Carney, et al., 2012). Test-retest reliability from the first week to the second week of 

the diary was r = 0.39 (t(1364) = 15.49, p < 0.0001). The item showed moderate association 

with a single item assessing “difficulty sleeping” over the past two weeks (responses from 1, 

“Never,” to 5, “All the time”) at baseline (Pearson’s r = −0.37, t(341) = −7.40, p < 0.0001), 

suggesting reasonable criterion validity.

Within-person covariates: Time of day.: Time of day of the survey response was adjusted 

for as a within-person covariate because the timing of responses has been shown to influence 

mood (Díaz-Morales, Escribano, & Jankowski, 2015). It was coded as the time since 

midnight at which the survey was filled out and varied between participants but remained 

roughly the same across different diary days for the same participant.

Within-person covariates: Diary day.: To adjust for differences due to school activities, 

weekend alterations to sleep schedules, or changes in responses over the course of the diary 

period, the model adjusted for the day of diary response. Diary day was represented as 0 

through 11, indicating which day during the diary period the survey was filled out; days 6 

and 7, Saturday and Sunday, were included as empty rows for the purposes of modeling 

auto-correlation.

Within-person covariates: Negative affect in response to daily events.: Mean intensity of 

negative affect in response to daily events was estimated as the mean of two rating questions. 

Participants were asked to write briefly about two negative things that happened today or 

that they thought a lot about today. Participants then rated each negative experience, 

answering the question “How negative would you say this experience was?” with radio 

button responses of “Not at all negative” (1), “Slightly negative” (2), “Moderately negative” 
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(3), “Very negative” (4), or “Extremely negative” (5). The test-retest reliability from the first 

week to the second week of the diary was r = 0.39 (t(1267) = 14.87, p < 0.0001). The 

association between individuals’ average intensity rating of negative events and an averaged 

composite of baseline global scores on the Perceived Stress Scale (Cohen & Williamson, 

1988) and Child Depression Inventory (Kovacs, 1992) was moderate (Pearson’s r = 0.25, 

t(369) = 4.89, p < 0.0001).

Between-person covariates.—Demographic covariates known to impact perceived 

stress, sleep quality, and coping self-efficacy were measured and included in the model in 

order to examine whether temporal associations among the three constructs of interest held 

after adjusting for between-person differences. At baseline, participants filled out the 

following measures via online survey in the classroom or in the school computer labs: age, 

sex, race, socioeconomic status, depression symptoms, and stage of pubertal development.

Socioeconomic status.: Socioeconomic status was operationalized with an item that asked 

participants to report their mother’s highest level of education, since students can more 

accurately self-report it compared to income and it shows consistent associations with 

academic performance (Entwisle & Astone, 1994; Mesmin, Hanselman, Buontemp, Tipton, 

& Yeager, 2019).

Depression symptoms.: At baseline, participants completed the full Child Depression 

Inventory (CDI), excluding the suicidal ideation item (Kovacs, 1992). Higher scores on the 

CDI index greater self-reported depressive symptoms, with scores above 19 indicating 

moderate to more severe symptoms according to the validated cutoff for the upper 10% of 

the distribution in a public school population (Smucker, Craighead, Craighead, & Green, 

1986; Timbremont, Braet, & Dreessen, 2004).

Pubertal development.: Participants also self-reported their pubertal development at 

baseline using the Pubertal Developmental Scale, which goes from Stage 1 (pre-pubescent) 

to Stage 5 (adult-like genitalia, pubic hair, and growth) (Marshall & Tanner, 1969; Marshall 

& Tanner, 1970).

Analytical Methods

First, to identify the extent of within- and between-person variance in each variable, intra-

class correlations were calculated using the ICC function in the R package merTools 
(Knowles, Frederick, & Whitworth, 2019). ICCs indicating that 30% or greater variance was 

accounted for by within-individual variation provided adequate rationale for continuing 

forward with a multilevel modeling approach.

Next, for each association between perceived stress (PS), sleep quality (SQ), and coping 

self-efficacy (CSE), variation accounted for by between-person as well as within-person 

effects was tested (Curran & Bauer, 2011). Analyses were performed with a dynamic 

structural equation model (DSEM; Hamaker, et al., 2018), which is a structural equation 

model composed of a series of Bayesian linear models testing between-person associations 

among average perceived stress, sleep quality, and coping self-efficacy, as well as within-

person temporal associations (see schematic in Figure 1). Each variable served as a predictor 
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and as an outcome in the model, and covariates were included at the between- and within-

person levels of the model. Figure 2 shows the full specification of the model with both 

between- and within-person components. Although ideally students would have been nested 

within school and diary responses nested within student, there were not enough observations 

at the school level to reach convergence with a three-level nested model. The model 

therefore instead adjusted for school as a covariate at the between-person level.

At the within-person level, the model tested temporal associations using time-lagged 

variables, by modeling the effect of variable x at time t on variable y at time t+1 (one day 

later), controlling for all other paths in the model (see Figure 2). This meant that outcomes 

reflected changes from time t to time t+1. Because surveys of the previous night’s sleep 

quality were completed during the school day at the same time as the rest of the self-report 

items, it was not possible to lag the sleep quality variable by one day. At the within-person 

level, time of day of survey response was accounted for, given that students in different 

classrooms filled out surveys at slightly different times during the day. Diary day (0 through 

11) was also accounted for to adjust for variation related to making responses earlier 

compared to later in the diary period, as well as for variation by day of the week. At the 

between-person level, the model adjusted for the following demographic covariates: age, 

depression symptoms, maternal education level, pubertal status, school, sex, and race.

DSEM, implemented in MPlus (Muthén & Muthén, 2017), uses Bayesian linear mixed 

models for each pathway tested, which made it possible to constrain the prior estimates for 

regression parameters based on the known possible distribution of outcomes. Another 

benefit of using Bayesian models over frequentist models is that they enable effect size point 

estimates with credible intervals, meaning that it is possible to report that a regression 

estimate lies within a certain interval with 95% certainty (McElreath, 2016).

The models used for analysis can be expressed with the following equations (Curran & 

Bauer, 2011):

The Level 1 Equation:yti = β0i + β1ixti + rti,

which expresses a linear regression model predicting an outcome variable y as a function of 

a predictor x. In this equation, β0i and β1i represent the respective intercept and linear slope 

for individual i, xti represents the observed predictor value at time t for individual i, and rti 

represents the residual error at time t for individual i.

The Level 2 equations express individual variability in intercepts:β0i = γ00 + u0i
and slopes:β1i = γ10 + u1i

which, when substituted into Equation 1, reduce to yti = (γ00 + γ10xti) + (u0i + u1ixti + rti), 

where γ00 and γ10 represent the sample’s mean intercept and slope (i.e., the “fixed effects”), 

and u0i and u1i represent each individual’s deviations from these respective means (i.e., the 

“random effects”).
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Using the MPlus software (Muthén & Muthén, 2017) with the model class “Two-level 

Random,” a Bayes estimator with the Gibbs algorithm for Markov chain Monte Carlo was 

used to implement the DSEM. Two chains on two cores for 11500 iterations, with one 

iteration interval for thinning, were run. MPlus’ default diffuse priors were used, following 

Hamaker, et al. (2018): a univariate prior with mean of zero and variance of ten for means 

and intercepts, and an inverse Wishart distribution with zero matrix and degrees of freedom 

set to the total number of variables minus one. MPlus model syntax is included in 

Supplementary Materials.

According to current best practices (Asparouhov, Hamaker, & Muthén, 2018), a regression 

coefficients was determined to be statistically significant if its 95% credible interval—which 

indicates the range of values within which it can be said with 95% certainty that the 

posterior parameter value falls (McElreath, 2016)—did not include zero, and to be 

statistically non-significant if it did. Although credible intervals describe parameter 

uncertainty (Gray, Hampton, Silveti-Falls, McConnnell, & Bausell, 2015) rather than 

comparing the alternative hypothesis to a null (as in frequentist hypothesis testing), it is 

difficult to do equivalent hypothesis testing on a DSEM. The current recommendation, used 

in the present study, is to “evaluate significance of individual parameters through the 

credibility intervals” (Asparouhov, Hamaker, & Muthén, 2018, pp. 366).

Since DSEM is well-suited to handle missingness, no participants were excluded based on a 

minimum usable number of surveys or missing baseline data in order to make greatest use of 

available data. MPlus imputed 50 data values by treating them as random effects and 

sampling from their conditional posteriors (for instance, neighboring time observations, 

individual’s autoregressive parameter, and residual variance) at each iteration of the Monte 

Carlo Markov Chain algorithm (Hamaker, et al., 2018).

Results

Preliminary Analyses

One subject was removed because, at age 18, they were significantly advanced in age and 

pubertal stage relative to the rest of the sample. The final sample from the three schools 

consisted of 381 9th-graders in four cohorts (two separate cohorts from the same school 

were collected during two different academic years). There were 188 self-identified females 

(49%), 174 males (45%), and 19 unreported-sex individuals in the sample, with a mean age 

of 14.43 (SD: 0.51, min: 14, max: 16). Mean pubertal status on the Pubertal Development 

Scale was 3.10 out of 5 (SD: 0.57), which matches the third Tanner stage of further penis 

lengthening and testes growth (boys), further breast and areola enlargement without 

separation (girls), darkening and coarsening pubic hair growing laterally, and 7–8 cm height 

increase (Marshall & Tanner, 1969; Marshall & Tanner, 1970). There were 192 white/

Caucasian, 130 Hispanic/Latinx, 22 Asian/Asian-American, 19 Black/African-American, 12 

multi-racial or other race, and 2 Pacific-Islander students in the sample. In the sample, 142 

students reported a maternal education level of a bachelor’s degree or higher, and 75 

students met the threshold for clinical depression (score >19 on the Child Depression 

Inventory; Kovacs, 1992).

Brink et al. Page 10

J Youth Adolesc. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Participation rate for baseline responses to demographic survey items was fairly high (17% 

of responses were missing). Participation rate for the diary surveys was high across days 

(mean missing days 16%, SD: 22%, min. 0%, max. 100%). Rates of missingness were 

nearly identical across the three variables of interest: The mean percentage of missing diary 

responses for the sleep quality measure was 16% (SD: 22%), the mean percentage of 

missing diary responses for the sleep quality measure was 17% (SD: 22%), and the mean 

percentage of missing diary responses for the coping self-efficacy measure was 16% (SD: 

22%). Running bootstrapped tests of randomness indicated that mean rates of missingness 

for each demographic group lay within the 95% confidence intervals of the means in 

randomly shuffled samples, indicating no bias in the pattern of missingness.

Across all participants for all two weeks of diary responses, the mean daily perceived stress 

level reported was 3.8 (SD: 1.8), mean sleep quality was 3.3 (SD: 1.1), and mean coping 

self-efficacy was 5.0 (SD: 1.3). The intra-class correlation (ICC) for perceived stress was 

0.45, indicating that around 55% of the variance in sleep quality was accounted for by 

within-individual variance. The ICC for sleep quality was 0.34, and the ICC for coping self-

efficacy was 0.49. For all three variables, this indicated sufficient within-individual variation 

to motivate using a multilevel analytic strategy.

Within a given student’s two weeks of diary responses, the average unstandardized sleep 

quality rating was 2.93 on a 5-point scale [95% credible interval (CI): 2.36, 3.44], the 

average unstandardized perceived stress rating was 4.59 on a 7-point scale [CI: 3.81, 5.40], 

and the average unstandardized coping self-efficacy rating was 4.57 on a 7-point scale [CI: 

3.83, 5.18].

Dynamic Structural Equation Model (DSEM) Convergence

The model was fit on 4446 observations (10 independent variables, 5 dependent variables, 9 

latent variables; estimated number of parameters = 37689.980) and had a Deviance 

Information Criterion of −99893.230. A potential scale reduction (PSR) value of 1.096 was 

reached, indicating acceptable model convergence (Asparouhov & Muthén, 2010). Although 

ideally the PSR falls below 1.05, a larger PSR value indicates more variation in estimates 

across the Monte Carlo Markov chains, meaning that posterior standard deviation values and 

therefore credible intervals are slightly larger. Therefore, it was a trade-off between a 

slightly higher convergence criterion and more conservative hypothesis testing. Below, 

standardized posterior regression estimates are reported with 2.5% and 97.5% Bayesian 

credible intervals (CI).

Between-Person Results

As expected, the model confirmed that there were moderate to strong significant associations 

among the three constructs of interest: sleep quality (SQ), perceived stress (PS), and coping 

self-efficacy (CSE) (see Figure 3, Table 1). That is, students’ average levels of sleep quality, 

perceived stress, and coping self-efficacy across the two weeks were significantly related to 

one another. Across the two-week diary period, students reporting better sleep quality than 

average for the sample reported lower average perceived stress (−0.44 [CI: −0.56, −0.30]) 

and higher average coping self-efficacy (0.42 [CI: 0.29, 0.54]). Students reporting higher 
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coping self-efficacy than average for the sample reported lower average perceived stress 

(−0.71 [CI: −0.78, −0.62]). There was only one significant temporal association at the 

between-person level: On average, higher perceived stress was associated with lower 

subsequent sleep quality (−1.25 [CI: −2.56, −0.03]) (see Table 1).

Associations Among Between-Person Means and Covariates

At the between-person level, there were significant associations between mean levels of 

sleep quality, perceived stress, and coping self-efficacy and demographic covariates (see 

Figure 3, Supplementary Table 1). This means that several individual differences accounted 

for significant variation in students’ overall levels of sleep quality, perceived stress, and 

coping self-efficacy. Greater severity of depression as assessed by the Child Depression 

Inventory (Kovacs, 1992) was associated with lower average sleep quality (−0.15 [CI: −0.27, 

−0.03]), higher average perceived stress (0.24 [CI: 0.13, 0.35]), and lower average coping 

self-efficacy (−0.29 [CI: −0.40, −0.18]) across the diary period. Students whose mothers did 

not attend a four-year college or higher (indexing socioeconomic status: SES) reported lower 

average coping self-efficacy across the diary period compared to those who did (−0.14 [CI: 

−0.25, −0.02]). Compared to females, males reported higher average coping self-efficacy 

(0.21 [CI: 0.10, 0.32]) and conversely lower average perceived stress (−0.23 [CI: −0.34, 

−0.11]) across the diary period. Finally, there was significant variation by school in average 

perceived stress across the diary period (−0.19 [CI: −0.30, −0.06]). The magnitudes of all 

associations were low to moderate, with the largest effects for depression, maternal 

education, and sex. These demographic associations are considered exploratory, as specific 

hypotheses about the direction or magnitude of effects were not pre-registered.

Within-Person Results

The model indicated that there were significant day-to-day auto-regressive associations for 

all three variables of interest (see Figure 4, Table 2). This means that a given individual’s 

reported coping self-efficacy, perceived stress, and sleep quality on one day were 

significantly related to the level of the previous day’s variables, indicating stability of all 

three variables from day to day. Sleep quality on a given night positively predicted sleep 

quality on the following night (0.13 [CI: 0.08, 0.19]). Coping self-efficacy on a given day 

positively predicted coping self-efficacy on the next day (0.16 [CI: 0.10, 0.21]), and 

perceived stress on a given day positively predicted coping self-efficacy on the next day 

(0.14 [CI: 0.09, 0.19]).

There were also several significant associations from one predictor at time t to a different 

outcome variable at time t+1 (see Figure 4 and Supplementary Table 3). These cross-lagged 

associations indicated that levels of one variable predicted subsequent levels of another 

variable, controlling for other auto-regressive associations and covariation (associations 

between simultaneous measurements). The model allowed intercepts and slopes to vary 

randomly for individuals, but the fixed effects estimates are reported here for the entire 

sample. Students reporting higher sleep quality for a given night relative to their own 

average reported significantly lower perceived stress the following day (−0.11 [CI: −0.15, 

−0.06]) and significantly higher coping self-efficacy the following day (0.08 [CI: 0.04, 

0.13]). Students reporting higher sleep quality for a given night relative to their own average 
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also reported significantly lower perceived stress two days later (−0.06 [CI: −0.11, −0.02]). 

Students reporting higher coping self-efficacy on a given day relative to their own average 

reported significantly lower perceived stress the next day (−0.07 [CI: −0.13, −0.02]). No 

other associations on the within-person level reached significance. The within-person level 

covariates, time of survey and day of diary, did not significantly influence any of the within-

person variables, although time and day were significantly associated with each other (0.09 

[CI: 0.05, 0.12]) (see Figure 4, Supplementary Table 3).

Associations Among Between-Person Covariates and Within-Person Fixed Effects

Individuals with larger within-person fixed effects showed moderate associations with 

several demographic covariates (see Figure 5, Supplementary Table 2). That is, particular 

individual characteristics were more likely to show certain day-to-day associations. 

Specifically, individuals with greater stability in night-to-night sleep quality were more 

likely to be male (0.19 [CI: 0.01, 0.37]), more likely to attend particular schools within the 

sample (0.23 [CI: 0.04, 0.40]), less likely to experience depression (−0.26 [CI:−0.42, 

−0.08]), and less likely to have a mother who had completed four years of college or higher 

education (−0.33 [CI: −0.53, −0.13]). Individuals with greater stability in day-to-day coping 

self-efficacy were more likely to report higher pubertal status (0.40 [CI: 0.20, 0.59]). No 

other associations among the within-person fixed effects and demographic covariates 

reached significance (see Supplementary Table 2). These associations are considered 

exploratory, as specific hypotheses about the direction or magnitude of effects were not pre-

registered.

Associations Among Within-Person Fixed Effects

The DSEM also revealed between-person associations among within-person fixed effects. 

That is, the strength of individuals’ relationships from one timepoint to another acted like 

individual differences, predisposing them to also experience other day-to-day relationships 

(see Figure 5, Supplementary Table 4). Individuals with greater stability in their day-to-day 

perceived stress, meaning that they either stayed high or low in perceived stress across 

multiple days, were then less likely to report that current-day perceived stress influenced 

next-day coping self-efficacy (−0.49[CI: −0.74, −0.15]). However, individuals with stable 

perceived stress were more likely to experience greater stability in day-to-day coping self-

efficacy (0.46 [CI: 0.18, 0.68]). Individuals with greater stability in their day-to-day coping 

self-efficacy were less likely to report that current-day coping self-efficacy had an influence 

on next-day perceived stress (−0.45 [CI: −0.70, −.10]). Individuals with greater night-to-

night stability in sleep quality were more likely to report that sleep quality on one night 

made a difference for coping self-efficacy two days later (0.43 [CI: 0.07, 0.72]). Finally, 

individuals whose sleep quality has a greater influence on their coping self-efficacy two days 

later were less likely to experience sleep quality’s influence on their perceived stress two 

days later (−0.43 [CI: −0.69, −0.07]). No other between-person associations among the 

within-person fixed effects reached significance (see Supplementary Table 4). These 

associations are considered exploratory, as specific hypotheses about the direction or 

magnitude of effects were not pre-registered.
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Robustness of Results

The findings appear to be robust to the choice of analysis strategy. As pre-registered, 

piecewise models were initially run for each path between perceived stress, sleep quality, 

and coping self-efficacy using multilevel Bayesian linear models in R with the brms package 

(Bürkner, 2018). It was subsequently determined that the DSEM approach would be a better 

analytic fit for the data given the presence of simultaneous co-variation and auto-regressive 

paths that could only be captured by linking models in a structural equation framework. 

Each outcome was predicted at time t while controlling for the outcome at time t-1 as well as 

that day’s negative rating at time t-1, and the covariates age, depression severity, maternal 

education level, race, sex, and school were included in each model. Results are presented in 

Supplementary Table 5. In summary, bidirectional associations at the between-person level 

were found, where comparatively the DSEM only identified a significant between-person 

intercept for perceived stress to that-night sleep quality (see Table 1). Within-person 

associations were found from sleep quality to next-day perceived stress (−0.20 [CI: −0.28, 

−0.13]), sleep quality to next-day coping self-efficacy (0.15 [CI: 0.09, 0.21]), and perceived 

stress to next-day coping self-efficacy (0.11 [CI: 0.06, 0.15]). Although some associations 

appeared in the piecewise models that were not found in the DSEM, it is likely that some 

non-independent variance is accounted for in the DSEM by modeling the independent 

variance and simultaneous co-variation of perceived stress, sleep quality, and coping self-

efficacy, which was not possible in piecewise linear models.

One question is whether the associations tested depend on the negative experiences of a 

given day. Unfortunately, technical limitations prevent this question from being fully 

answered at present. In DSEM, it is not currently possible to test interactions of within-

person variables with time lags (M. Zyphur, personal communication, June 13, 2020). 

Instead, as an approximation, each cross-lagged association from the DSEM was tested in a 

piecewise fashion using multilevel Bayesian linear models in R with the brms package 

(Bürkner, 2018). Again, each outcome was predicted at time t while controlling for the 

outcome at time t-1 as well as that day’s negative rating at time t-1. No significant 

interactions in these models were found when testing the mean intensity of ratings of the 

day’s negative events as a moderator in the within-person time-lagged models, suggesting 

that these associations hold regardless of the intensity of negative events of a particular day.

Discussion

Adolescents today navigate myriad academic and social demands that can potentially disrupt 

sleep, from social media and bullying to standardized testing and college applications. The 

transition to high school can be a time of particular upheaval, as 9th-graders face novel 

challenges and expectations (Rudolph et al., 2001), accompanied by an uptick in sleep issues 

(Wolfson & Carskadon, 1998). If adolescents sleep poorly and feel unable to effectively 

handle their feelings of stress, this may set the stage for a destructive spiral of greater stress 

and worse sleep. Longitudinal studies have shown that poor sleep increases the likelihood 

that adolescents experiencing life stress will develop depression (Kuhlman, et al., 2020). The 

statistical difficulty of teasing apart these highly intertwined psychological and physiological 

processes has made it challenging to understand the nature of this spiral as it unfolds in the 
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life of an adolescent. The present study aimed to understand the temporal dynamics of the 

stress-sleep spiral in adolescents and probe whether coping self-efficacy may provide a 

means to combat these negative consequences. To address this, a dynamic structural 

equation model was employed to examine associations among perceived stress, sleep 

quality, and coping self-efficacy in 9th graders from one day to the next.

The current study’s results challenge the classic conception of a bidirectional spiral between 

daily stress and sleep. Although associations were found between individuals’ average levels 

of sleep quality, perceived stress, and coping self-efficacy, there was no evidence found to 

support bidirectional associations in students’ daily diary reports. After taking auto-

regressive associations and same-timepoint covariances into account, only unidirectional 

impacts were found at the between-person level from perceived stress on sleep quality, and 

at the within-person level from sleep quality on adolescents’ self-reported perceived stress as 

well as their subjective appraisals of coping self-efficacy. Coping self-efficacy also seems to 

play an important indirect role in sleep quality’s influence on perceived stress, such that 

better sleep quality on a given school night improves next-day coping self-efficacy, which 

subsequently decreases perceived stress one day later. Moreover, the stability of students’ 

day-to-day sleep quality, perceived stress, and coping self-efficacy seems related to 

individual differences that may serve as risk factors.

These findings highlight that adolescents’ sense of confidence in their ability to cope with 

challenges may be a key pathway in helping to disrupt the negative consequences of poor 

sleep on perceived stress and its downstream effects on their mental health. Adolescence is 

considered a sensitive period for brain development, in particular the executive function and 

regulation-related areas that aid in identifying and implementing appropriate coping 

strategies in challenging emotional situations (Fuhrmann, Knoll, & Blakemore, 2015; 

Steinberg, 2005). Adolescence also may be a sensitive period for the onset of depression, 

with stress, negative emotionality, and effortful control (required for adaptive coping) 

serving as crucial risk factors for abnormal brain maturation patterns associated with 

depression (Andersen & Teicher, 2008; Ellis, et al., 2017; Hankin, et al., 2015). Adolescent 

depression then increases risk for later adult depression, anxiety, and suicidality (Johnson, 

Dupuis, Piche, Clayborne, & Colman, 2017). Moreover, meta-analyses of prospective 

studies indicate that poor sleep in adolescents increases odds for suicidal ideation (Liu, et al., 

2019; Porras-Segovia, 2019). The current study’s results showing the importance of coping 

self-efficacy for disrupting the link from poor sleep to perceived stress therefore have 

important implications for reducing the onset and severity of depression symptoms. Indeed, 

a meta-analysis revealed that greater use of adaptive coping is associated with decreases in 

depression and anxiety (Schäfer, et al., 2017). Students with confidence in their ability to 

deal with stressors may be more likely to attempt adaptive coping strategies on days when 

they have slept poorly, therefore mitigating the effects of chronic stress that may over time 

contribute to depression and suicidality.

This study’s approach showcases the value of a single-model dynamic structural equation in 

order to tease apart highly interlinked phenomena, with time-lagged analyses making it 

possible to address questions of temporal causality. While it is unethical and unfeasible to 

experimentally determine the long-term causal effects of poor sleep and high stress in 
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students, the DSEM approach brings researchers closer to understanding how changes from 

one day temporally precede other fluctuations and quantifies how these effects amplify or 

peter out as the school week goes on. The statistical approach also holds promise for policy-

oriented research in adolescents in order to identify which covariates indicate important 

potential target populations for intervention.

The Stress-Sleep Spiral

As expected, strong cross-sectional associations were found between sleep quality and 

perceived stress that remained robust after adjusting for demographic covariates. Trait 

differences were found based on certain demographics. More depressed students reported 

lower average sleep quality, and more depressed and female students reported greater 

perceived stress. Perceived stress also differed by school. These findings align nicely with 

cross-sectional work in adolescents linking perceived stress and sleep quality. For example, 

correlational research indicates a strong tie between stress-related measures such as mood 

and clinical symptoms and short or disrupted sleep (Bartel, et al., 2015). A longitudinal 

study in adolescents supports the idea that there are indeed bidirectional causal associations 

between sleep and emotional challenges, such that restricted sleep duration at baseline 

predicted emotional and behavioral issues five years later, and emotional and behavioral 

issues predicted shorter sleep duration five years later (Kortesoja, et al., 2020). However, 

Kortesoja and colleagues found asymmetrical bidirectionality, with a far greater effect size 

for sleep influencing emotional challenges.

Contrary to the hypotheses, however, the between- and within-person model results 

indicated unidirectional influences rather than the expected fully bidirectional relationship. 

At the between-person level, perceived stress was negatively associated with next-night 

sleep quality, while at the within-person level, sleep quality was negatively associated with 

next-day perceived stress. This pattern held even after adjusting for demographics, 

simultaneous covariance, auto-regressive effects, differences in individual means, and the 

intensity of negative affect reported as a result of daily events. Specifically, there was 

evidence that a student’s sleep quality on a given school night predicted next-day perceived 

stress. Sleep quality also continued to predict perceived stress two days later. These within-

person results suggest that, regardless of a student’s usual levels of sleep quality and 

perceived stress, daily fluctuations in sleep quality relative to their own mean directly 

influence perceived stress for the next two school days.

Results in the direction of sleep quality to perceived stress are also consistent with prior 

work from sleep restriction experiments. For example, adolescents restricted to 6.5 hours of 

sleep for one week experienced greater feelings of tension and anxiety, hostility and 

oppositional behavior, and confusion, as well as lower energy (Baum et al., 2014). A brief 

three-day ecological momentary assessment study found that heightened daily perceived 

stress preceded shorter sleep duration, and worse sleep efficiency (the ratio of time asleep to 

time spent trying to sleep) preceded increased next-day perceived stress (Doane & Thurston, 

2014). A six-day diary study found bidirectional within-person associations (van Zundert, 

van Roekel, Engels, & Scholte, 2015): While self-reported disturbed sleep was not related to 

self-reported affect, worse sleep quality was associated with greater negative affect and less 
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positive affect the following day, and greater negative affect and lower positive affect were 

associated with worse sleep quality. However, these previous studies have modeled each 

direction in the stress-sleep spiral separately. The current study adds to this emerging picture 

by 1) assessing daily temporal associations in both directions simultaneously using DSEM, 

2) assessing for a greater length of time than existing diary studies have, and 3) measuring 

perceived stress.

The Role of Coping Self-Efficacy

What role does coping self-efficacy play in the link from sleep quality to perceived stress? 

Strong cross-sectional associations were found between sleep quality and coping self-

efficacy, and between perceived stress and coping self-efficacy, even after adjusting for 

demographic covariates. More depressed, female students with lower socioeconomic status 

(SES, indexed by maternal education) reported lower coping self-efficacy. These results 

align with cross-sectional results indicating significant associations for perceived stress with 

sense of control, sleep issues, and global and task-specific self-esteem (Schraml, Perski, 

Grossi, & Simonsson-Sarnecki, 2011). Further corroborating the present findings, a diary 

study of high school students transitioning to college showed that cortisol spikes only 

accompany increased perceived stress for students who report having low coping self-

efficacy (Sladek, Doane, Luecken, & Eisenberg, 2016). Sladek and colleagues also found 

coping self-efficacy positively associated with parental education level, but not ethnicity or 

sex.

At the within-person level, expected bidirectional associations were not found between 

perceived stress and coping self-efficacy. As hypothesized, only a unidirectional association 

from sleep quality to next-day coping self-efficacy was identified, but not vice versa. 

Specifically, there was evidence that a student’s sleep quality on a given school night 

predicted next-day coping self-efficacy. Sleep quality did not continue to predict coping self-

efficacy two days later. A student’s coping self-efficacy on a given day also predicted lower 

perceived stress the following day, indicating that there is an indirect effect of sleep quality 

on perceived stress via coping self-efficacy. These findings regarding coping self-efficacy 

stability align with results from a large adolescent randomized controlled trial indicating that 

individuals with higher general self-efficacy benefitted more from the sleep intervention 

(Blake, et al., 2018). A study in adults also found that adaptive coping strategies moderated 

the relationship between perceived stress and sleep (Sadeh, Keinan, & Daon, 2004), which 

aligns with the apparent indirect effect from sleep quality to perceived stress via coping self-

efficacy. The within-person results suggest that, regardless of a student’s usual levels of 

sleep quality, perceived stress, and coping self-efficacy, daily fluctuations in sleep quality 

relative to students’ own means have direct and indirect influences on their perceived stress 

for the next two school days. The indirect pathway indicates that coping self-efficacy can 

serve as an important break point in the relationship between sleep quality and subsequent 

perceived stress.

Interpreting Unidirectional Results

One particular benefit of a DSEM analytic approach is that each estimated path adjusts for 

all other paths in the model. This means that, although in daily life perceived stress, sleep 
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quality, and coping self-efficacy are interlinked in ways that can be difficult to pull apart, 

DSEM provides a statistical tool to examine the independent sources of variance (see Figure 

1). The analysis was optimized to foreground questions about independent contributions of 

perceived stress, sleep quality, and coping self-efficacy, directionality, and temporal 

association while holding constant other associations. The significant unidirectional results 

therefore lend support to the idea that perceived stress and coping self-efficacy are separate 

constructs that, although highly related, have independent associations with daily and 

average sleep quality in this sample. The cross-lagged association results, which adjust for 

auto-regressive variance, can also hint at temporal causality.

Interpreting Individual Variation in Daily Patterns

This study’s analysis strategy also made it possible to explore variation between students in 

these day-today dynamics, which provides exploratory evidence about the role of individual 

differences. The results indicated that individuals with stable perceived stress and coping 

self-efficacy tended not to experience much of a shift in response to fluctuating stressors or 

self-beliefs about coping, regardless of the day’s experiences. These individuals may be 

characterized either by lingering dysfunction or by stable well-being, and more work is 

needed to understand different dynamics for these two groups. Another implication of these 

results is that individuals who already exhibit variability may be more capable of healthier 

shifts toward greater coping self-efficacy and lower perceived stress if nudged, compared to 

their peers with more trait-like stability.

Notably, however, individuals with stable sleep quality were more likely to show changes to 

coping self-efficacy after a night of better-than-usual sleep. For individuals whose sleep 

quality tended to improve subsequent coping self-efficacy, changes in their sleep quality 

were less likely to influence their subsequent perceived stress. This shows that students with 

consistent sleep quality and stronger associations between sleep quality and coping may be 

most capable of facing unexpected stressors with increased resilience.

Students with greater stability of sleep quality from night to night (whether consistently poor 

or consistently good) had lower depression severity, lower maternal education level, tended 

to be males, and differed by sample school. Later pubertal status was more consistent with 

coping self-efficacy from day to day, suggesting that physical maturity tracked with having a 

consistent sense of being able to cope with challenges. These demographic findings were 

generally consistent with the literature, which indicates that poor sleep is associated with 

worse depressive symptoms (Alfano, Zakem, Costa, Taylor, & Weems, 2009). A diary study 

on bidirectional links between negative affect and sleep found significant moderation by 

both sex and depressive symptoms, with girls and high depressive symptoms showing 

increased effect sizes (van Zundert, van Roekel, Engels, & Scholte, 2015). In the 

epidemiological literature on adolescent sleep disparities, evidence for sex differences is 

mixed, although there may be an interaction between sex and race, which unfortunately was 

not examined in the model (Marczyk Organek, et al. 2015). Surprisingly, the model 

indicated that lower maternal education was associated with more stable sleep quality, 

counter to findings indicating deep disparities in sleep in relation to socioeconomic status 

(Liang, et al., 2020). One explanation for this result could be invalidity of student responses 
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due to lack of knowledge (Ridolfo & Maitland, 2011). Another possibility is that subjective 

or relative sense of status may have far greater impact on students’ perceived stress and sleep 

quality than objective proxies (Huynh & Chiang, 2018). It may be that high-SES parents 

have time to be more involved in managing school performance and bedtime schedules, 

potentially lowering students’ sense of self-efficacy to cope on their own. Variation in sleep 

could also relate to socioeconomic status in more complex ways due to parents’ work 

schedules, stably enforced bedtimes, work or family care burdens on students, and attitudes 

around homework and screen time.

Implications for Interventions

These exploratory individual differences in daily dynamics suggest two key areas for 

intervention. First, stabilizing and improving daily sleep quality could directly reduce 

perceived stress and increase the positive impact of sleep quality on subsequent coping self-

efficacy. The results indicate that high-SES, high-depression females may be a target group 

for intervention. A second approach could be to use psychological interventions that 

enhance youths’ coping self-efficacy in response to their daily academic and social demands 

as a means to weaken the link from poor sleep quality to heightened perceived stress and 

decrease risk for developing mental health problems. Promising research indicates that 

interventions to encourage adolescents to endorse more malleable beliefs about people’s 

social traits (“a growth mindset of personality intervention”) can reduce depressive 

symptoms and improve stress resilience in adolescents’ daily stress coping (Schleider & 

Weisz, 2018; Yeager, Lee, & Jamieson, 2016; Yeager, 2017). These results suggest that 

future research should assess whether similar interventions can also improve adolescents’ 

mindsets about their ability to cope with stressors, leading to improved sleep quality and a 

cascade of positive developmental outcomes by preventing early risks for clinical 

depression, anxiety, and suicidal ideation.

Overall, this study’s results provide new clarity about the directionality of effects among 

adolescents’ daily sleep quality, perceived stress, and coping self-efficacy. It extends prior 

work on sleep and coping self-efficacy in adults, indicates a crucial role played by coping 

self-efficacy in the link between sleep and stress in adolescents, and suggests the importance 

of dual sleep quality and coping self-efficacy interventions among adolescents.

Strengths, Limitations, and Future Directions

This study had several notable strengths. First, state-of-the-art Bayesian DSEM analysis was 

employed to capture bidirectional stress-sleep temporal associations among daily measures 

of subjective sleep and state measures of coping self-efficacy. Second, data were collected 

within a large sample of ethnically and socioeconomically diverse adolescents across 

multiple schools, bolstering this study’s ability to provide generalizable conclusions. Third, 

this study controls for potential demographic covariates influencing individual differences in 

students’ dynamic daily experiences, including age, depression symptoms, pubertal status, 

race, sex, socioeconomic status, and variation between schools. Finally, the study followed 

best practices by exploring in a held-out subset of data before testing pre-registered 

confirmatory hypotheses, employing Bayesian models to reduce false positives, and 

completing robustness tests, such that the results can be interpreted with greater confidence.
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These strengths notwithstanding, several limitations also bear mention. First, students were 

assessed at a single timepoint during school hours, meaning that it was only possible to 

capture perceived stress and coping self-efficacy assessments partway through the school 

day. This meant that the school environment shared common features and allowed for fairly 

high response rates. However, this strategy prevented assessment of experiences later in the 

day and at home. Diary studies, especially in an adolescent population, involve a trade-off 

between precision with multiple items and timepoints, and attrition with long or repetitive 

surveys. Future work should assess whether these patterns change if after-school perceptions 

of stress and coping self-efficacy are assessed.

Second, self-reported measures of sleep quality were used, but not objective measures of 

sleep duration and night awakenings. Thus, there was no way to determine the ground-truth 

of students’ reports of sleep quality relative to objective measures of unwanted wakefulness, 

an important contributor to sleep quality. Future work should certainly incorporate objective 

sleep measures; however, subjective and objective sleep measures are thought to represent 

separate dimensions of sleep (Kaplan, et al., 2017), and a single-item sleep quality measure 

is the gold standard for sleep diaries (Carney, et al., 2012). Moreover, subjective sleep 

measures tend to be more predictive of affect-related outcomes (Konjarski, et al., 2018; 

Kortesoja, et al., 2020).

Third, a single-item measure of perceived stress and a new coping self-efficacy composite 

measure were used to assess central constructs in the study. These measures, although face 

valid, may not fully capture the underlying constructs or may be subject to differences in 

individual interpretations of the meanings of “stress” to different students. Indeed, a 

moderate correlation was found between the mean of the perceived stress item and baseline 

ratings on the widely validated Perceived Stress Scale (Cohen & Williamson, 1988), 

indicating either that fluctuations in daily perceived stress are not captured by the Perceived 

Stress Scale or that there may be variance in perceived stress not picked up by the single 

item. Moreover, the composite coping self-efficacy measure was a novel measure and may 

not have fully captured the construct of interest. Although all measures involve trade-offs, 

the clear advantage of single-item measures is that they reduce burden and maintain 

engagement, especially in adolescent samples with limited attention. Using multiple-item 

measures would likely result in attrition and lower response rates if repetitive items became 

too tedious, which would also undermine validity. For this reason, single, face-valid items 

were chosen for the study design. Though unreliability is a key concern for single-item 

measures, this study’s results indicate that there are robust and meaningful correlations that 

align with theory (for example, associations between perceived stress and coping self-

efficacy) even for the within-person temporal associations. This suggests that these measures 

have functioned as expected in this context.

Fourth, this study focused on a single school district in Texas, which makes it difficult to 

generalize to adolescents in other geographic locations and cultures. At the same time, this 

design allowed for comparison across a range of cohorts with diverse backgrounds while 

maintaining similar schedules for school start times. This could be considered a limitation in 

that it may blur important group differences. The results obtained after adjusting for 

demographic variables suggest the value of comparing differences among demographic and 
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clinical groups, as certain individual differences may in fact moderate relationships among 

perceived stress, sleep quality, and coping self-efficacy. Future research should seek to 

replicate these findings in other well-powered, broad adolescent samples.

Finally, coping self-efficacy was not manipulated, so it is not possible to make fully causal 

claims, though the time lags in the DSEM suggest temporal causality. Future work is needed 

to test whether interventions that improve coping self-efficacy are indeed able to break the 

link between sleep and stress in adolescents. Promising results suggest that targeting 

mindsets about coping ability may be particularly effective (Yeager, 2017; Jamieson et al., 

2018) to alter students’ responses to the combination of academic, social, and family stresses 

that high school adolescents face.

Conclusion

The present study examines the temporal dynamics of perceived stress and sleep quality in 

adolescents undergoing a challenging transition to high school and adds to the current 

literature by simultaneously modeling both directions in the stress-sleep spiral. Moreover, 

this study extends existing cross-sectional studies by examining the important role of coping 

self-efficacy in perpetuating or disrupting dysfunction and by identifying the temporal 

sequence among daily perceived stress, sleep quality, and coping self-efficacy within 

individual students using a new method, dynamic structural equation modeling. Contrary to 

general claims of a bidirectional stress-sleep spiral, this study found evidence of only 

unidirectional relationships. At the within-person level, a night of better sleep quality 

relative to an individual student’s own mean seemed to improve next-day coping self-

efficacy, which then decreased perceived stress on the following day. At the between-person 

level, students with higher perceived stress on one day relative to their peers were likely to 

experience worse-than-average sleep quality. These results held after adjusting for 

demographic covariates and individual reports of negative daily events. These results suggest 

that it might be important to address adolescents’ beliefs about their ability to cope with 

challenges in order to mitigate the negative impacts of stress on sleep, which can lead to 

cascading effects on social-emotional well-being and mental health in youth.
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Figure 1: 
A: An Idealized Representation Breaking Down the Variables of Interest into Between-
Person and Within-Person Components. Coping self-efficacy (CSE), perceived stress 

(PS), and sleep quality (SQ) time series measurements can be separated into between-person 

(purple) and within-person (pale green) components. A given measurement at timepoint t 
(represented by a red dot) can be decomposed into a mean across the individual’s entire time 

series of measurements (represented by the purple horizontal line) as well as a deviation at 

timepoint t from the participant’s individual mean (represented by the pale green line).

“μ” indicates the mean level of the variable, and the subscript t indicates a measurement at a 

given timepoint.

B: An Idealized Representation of Temporal Associations in Dynamic Structural 
Equation Models (DSEM). DSEM makes it possible to model how a variable, for example 

sleep quality, at timepoint t (represented by a red dot in the bottom time series) is predicted 

by 1) itself at an earlier timepoint (represented by a blue dot), called an auto-regressive 

association; 2) another variable at the same timepoint t (in this example, coping self-efficacy, 

represented by a pink dot in the top time series); or 3) another variable at an earlier 

timepoint (in this example, perceived stress, denoted by a yellow dot in the middle time 

series).
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Figure 2: A Representation of Hypothesized Model Associations.
This figure visually represents the full specification of the dynamic structural equation 

model (DSEM). Observed variables of coping self-efficacy (CSE), perceived stress (PS), and 

sleep quality (SQ) measured daily across two weeks are denoted with squares, and latent 

variables are denoted with circles. Observed variables are constructed from latent between-

person (purple) and within-person (green) components. Dotted arrows indicate that paths are 

allowed to vary for each individual. To test a hypothesis that a given path (represented with a 

line) in the DSEM is significant, the MPlus software calculates a conditional estimate given 

all other paths in the model and 95% Bayesian credible intervals, which indicate whether the 

true value of the conditional estimate is likely to include 0 (indicating no association).

“μ” indicates the mean level of the variable, and the subscript t indicates a measurement at a 

given timepoint.
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Figure 3: Daily Coping Self-Efficacy, Perceived Stress, and Sleep Quality Correlate as 
Hypothesized When Adjusting for Many Person-Level Covariates.
Between-person model results indicate cross-sectional associations among coping self-

efficacy (CSE), perceived stress (PS), and sleep quality (SQ) and show significant influences 

of some covariates on individuals’ mean levels. Arrows reflect direction, and line widths 

reflect magnitude of effects, with red signifying negative associations and green signifying 

positive associations. Lines without arrow heads show non-directional effects.

Purple circles with “μ” indicate mean levels of variables.

Asterisks indicate significance, meaning that the Bayesian 95% credible interval for the 

estimate does not include 0. Only significant associations are shown.
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Figure 4: Daily Sleep Quality Directly and Indirectly Impacts Subsequent Perceived Stress Via 
Coping Self-Efficacy, But Not the Other Way Around, Challenging Bidirectional Hypothesis.
Within-person model results indicate that there are some unidirectional within-person time-

lagged associations among coping self-efficacy (CSE), perceived stress (PS), and sleep 

quality (SQ), but do not support a bidirectional hypothesis. Green circles indicate daily 

levels of variables relative to their own mean. Arrows reflect direction (e.g., from prior night 

to current day, from current day to next night). Line widths reflect magnitude of effects, with 

red signifying negative associations and green signifying positive associations. Lines 

without arrow heads show cross-sectional (non-directional) within-person co-variation, 

known as “co-movements.” Dotted lines indicate that slopes are allowed to vary by 

individual.

Asterisks indicate significance, meaning that the Bayesian 95% credible interval for the 

estimate does not include 0. Only significant associations are shown.
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Figure 5: Stability of Students’ Coping Self-Efficacy, Perceived Stress, and Sleep Quality From 
Day to Day Is Related to Individual Covariates and Some Within-Person Lagged Associations.
Modeling between-person covariances among within-person fixed effects indicates that the 

stability of an individual’s coping self-efficacy (CSE), perceived stress (PS), and sleep 

quality (SQ) may relate to their demographics and may make it more or less likely for their 

sleep quality and coping self-efficacy on one day to impact their subsequent stress. Green 

circles connected by black arrows indicate within-person fixed effects from time t to time t
+1. Lines without arrow heads reflect cross-sectional (non-directional) effects, and line 

widths reflect magnitude of associations, with red signifying negative associations and green 

signifying positive associations.

Asterisks indicate significance, meaning that the Bayesian 95% credible interval for the 

estimate does not include 0. Only significant associations are shown.
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