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Abstract

Objective—Given the growing concern about research reproducibility, we conceptually 

replicated a previous analysis of the relationships between adolescent sleep and mental well-being, 

using a new dataset.

Methods—We conceptually reproduced an earlier analysis (Sleep Health, June 2017) using 

baseline data from the START Study. START is a longitudinal research study designed to evaluate 

a natural experiment in delaying high school start times, examining the impact of sleep duration on 

weight change in adolescents. In both START and the previous study, school day bedtime, wake 

up time, and answers to a six-item depression subscale were self-reported using a survey 

administered during the school day. Logistic regression models were used to compute the 

association and 95% confidence intervals (CI) between the sleep variables (sleep duration, wake-

up time and bed time) and a range of outcomes.

Results—In both analyses, greater sleep duration was associated with lower odds (P < 0.0001) of 

all six indicators of depressive mood. Five of the six sleep duration point estimates from the 

START Study, and four of the six wake-up time point estimates, fell within the 95% confidence 

intervals from the previous analysis. However, the associations between wake-up time and 

outcomes differed between the two studies’ analyses.

Conclusion—Our findings add strength to the evidence supporting an association between short 

sleep duration and depression. This issue deserves attention from school districts, given the current 

epidemic of short sleep duration among youth and the potential impact school scheduling can have 

on teen sleep.
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Introduction

Mental health concerns are prevalent among youth with an estimate of up to 20% of US 

children experiencing a mental health disorder in the past year.1 Adolescents who do not get 

adequate sleep suffer diminished mental well-being. Among teens, shorter sleep duration has 

been correlated with higher rates of mood disorders2–7 and more thoughts of suicide.5,7–9 
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Further, sleep debt appears to relate to lower self-esteem10, a more negative outlook in life,11 

and increased struggles with emotional regulation.12 Our recently published report13 of a 

school-based study revealed that shorter sleep duration was associated with decreased 

mental well-being. Currently, there is an epidemic of short sleep duration among adolescents 

with less than 25% of US teens reporting they attain at least eight hours of sleep per night;13 

the National Sleep Foundation considers eight to 10 hours to be the optimal amount of sleep 

for this age group.14

Mechanistically, insufficient sleep in teens may contribute generally to a reduction in mental 

well-being by diminishing their executive cognitive functioning and emotional regulation.15 

Getting inadequate sleep throughout the week causes many adolescents to live in ongoing 

“circadian misalignment” due to the discrepancy between the school-imposed schedule and 

their own internal clocks. Further, due to being exhausted from a week of inadequate sleep, 

adolescents will sleep dramatically more hours on weekends to make up for school day sleep 

loss. Differences in weekend and weekday sleep hours have been associated with impaired 

regulation of reward processing,16,17 which can manifest as increased sensation-seeking and 

diminished regulatory control.15,18 Finally, getting insufficient sleep might also influence 

teens’ mental health and outlook by altering their overall daily structure and how they 

choose to use their time. For instance, having more waking hours, especially in the evening 

could hypothetically lead to youth engaging in more risk behaviors, such as substance use. 

Alternatively, longer after-school times could promote potentially protective activities such 

as participating in an extracurricular activity, which in turn can influence mental well-being.

In the earlier Sleep Health (June 2017) article, we conducted a “conceptual” replication of a 

previously published analysis of observational data looking at the relationship between sleep 

and mental well-being among high school students,19 using a dataset obtained from ninth 

grade students at five high schools. This prior analysis had revealed that greater sleep 

duration was associated with greater reported mental well-being and that later wake-up times 

were also associated with several (though not all) indicators of improved mental well-being.

In recent years, multiple authors20,21 have written about a “replication crisis” in science, 

where many health and social sciences findings have not been reproduced or where even an 

attempt at replication has not been possible. Scientific replication is often thought of as an 

exact duplication of the treatment, outcome measurement, procedure, and population of an 

original study.22 However, given the realities of research with free-living human populations, 

numerous social scientists have argued for broader conceptions of replication, which they 

have termed partial or conceptual replications, allowing both the re-test of hypotheses and/or 

examining results of earlier studies with extension to new populations or methods.22–25 With 

the growing concern about the reproducibility of observational biomedical research,20,22 we 

sought to present a conceptual replication of the prior study.

Participants and Methods

Objectives

Our June 2017 article19 in Sleep Health (hereafter referred to as Study 1) described the 

relationships between sleep duration and adolescent behaviors in a multi-site study. We 
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aimed to replicate that analysis using data from the baseline wave of data collection (Spring 

2016) of the START study, a longitudinal cohort study designed to identify the effects of a 

natural experimental change in high school start times on weight and weight-related 

behavior.

Study 1

Study 1’s methodology was reported in depth in its original publication.19 Study 1 was 

conducted from 2010–2013, and involved 9,089 students in grades 9–12 attending eight high 

schools in five US school districts. Data was collected in Minnesota (Spring 2011), Colorado 

(Spring 2012), and Wyoming (Spring 2013). In one participating high school in Jackson 

Hole, Wyoming, students were surveyed at baseline in 2012 which was the year prior to their 

high school’s start time delay, and again after the delay was in effect in 2013. The other 

seven participating schools were surveyed just once, after a later start time had been 

implemented. The survey focused on sleep and selected health, academic, and behavioral 

issues. The self-administered paper and pencil surveys were sent to all schools and 

completed by students during the school day. The response proportions for this study varied 

by school, from 65–85%.19

Study 2, START

The START study was designed to leverage a natural experiment in high school start time 

modification to test how sleep duration influences weight change in adolescents. At baseline, 

in 2016, all ninth graders at five participating Minnesota high schools, with start times at 

7:30am, were invited to enroll in the study. The cohort of students who enrolled in the study 

as ninth-graders are being followed through their 11th grade year. The current replication 

analysis uses data from START’s baseline wave when 90% of eligible adolescents 

participated in the survey portion of START (n = 2,133; final analytic sample n = 2,004), 

which includes items related to mental health.

Measures

In both studies, school-day bedtime and wake up time were self-reported and used to 

calculate sleep duration. START participants were asked to select one time from a list for 

each of, “About what time do you usually go to bed ON SCHOOL DAYS?” and “About 

what time do you usually wake up ON SCHOOL DAYS?” Depressive mood was assessed 

with six items derived from the Kandel-Davies depressed mood scale (see Table 1).26 Study 

1 and START had slightly different response options for this measure. In START, we 

dichotomized participant responses into “not at all” or “somewhat” vs. “very much” 

bothered/troubled during the past two weeks for each item. For Study 1, we dichotomized 

and compared the response options indicating several times or more vs. twice or less during 

the past two weeks for each item. In both studies the correlations between the individual 

items within the scale ranged from r = 0.27- r = 0.61.

Analysis

We took the following similar analytic approach to the START (Study 2) data as we had 

done in our previously published report, which used data from Study 1. Logistic regression 
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models were used to compute the association and 95% confidence intervals (CI) between the 

sleep variables (sleep duration, wake-up time and bed time) and the mental well-being 

outcomes. As a supplemental analysis, we also examined associations between bedtime and 

mental well-being in START and also ran these analyses on the Study 1 dataset. To account 

for variance inflation that results from the clustering of students within school and school 

district, we used generalized estimating equations. Consistent with the previous analysis, all 

START models were adjusted for gender, racial/ethnic background and school-level 

eligibility for free and reduced lunch.

Results

Table 1 shows the associations between aspects of sleep timing (bedtime, wake up time, and 

sleep duration) and each of the six indicators of depressive mood (feeling too tired to do 

things; having trouble going to sleep or staying asleep; feeling unhappy, sad or depressed; 

feeling hopeless about the future; feeling nervous or tense; and worrying too much about 

things). Greater sleep duration was associated with lower odds (P < 0.0001) of all six 

indicators of depressive mood in the START Study, as it was also found in Study 1. We did 

not find any evidence of effect modification by either race/ethnicity or sex.

Five of the six sleep duration point estimates from the START Study, and four of the six 

wake-up time point estimates, fell within the 95% confidence intervals published in the June 

2017 Sleep Health article that had used data from Study 1. However, we did not find 

significant associations in START data between wake-up time and two of the items for 

which we reported a significant association in the Study 1 analysis, specifically “feeling 

unhappy, sad, or depressed,” and “feeling hopeless about the future.” An additional 

divergence from the findings of the earlier study was a significant positive association 

between wake-up time and “feeling too tired to do things” (aOR 1.12, 95% CI 1.02 – 1.23) 

found in the START study.

Later bedtime was significantly associated with all six outcomes in Study 1, with a fairly 

narrow range for the association (one-hour delay in bedtime, aOR between 1.28 and 1.48, P 
< .0001 for all outcomes). Among START Study participants there were no significant 

association between bedtime and feeling too tired to do things, having trouble going to sleep 

or staying asleep, feeling unhappy, sad or depressed, feeling hopeless about the future, or 

feeling nervous or tense. Those with later bedtimes in START were less likely to report 

“worrying too much about things” (aOR for a one-hour delay in bed time 0.78, P < .0001). 

Each hour of later start time in Study 1 associated with a 14-minute later bedtime and a 42 

minute later wake-up time.

Discussion

The overall concordance of the START study (Study 2) findings with the previously 

published Study 1 results provides additional support for both greater sleep duration and 

later wake-up time being associated with fewer mental health-related issues, although later 

wake-up time was positively associated with one symptom of depression (feeling too tired to 

do things) in the START study. The association of later bedtime with poorer mental well-
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being observed in Study 1 was not seen in START. Two outcomes that were positively 

associated with later bedtime in Study 1 (“worrying too much about things” and feeling 

nervous ) were negatively associated with later bedtime in START, with “worrying too much 

about things” having a statistically significant association with bedtime.

An important difference between the START Study and Study 1 is that more of the variation 

in sleep timing in START (where all schools started at 7:30am) may be due to differences 

among the students themselves and their sleep timing rather than their schools, because in 

Study 1, participants’ school start times varied considerably. For example, the differing 

estimates of the associations between bedtime or wake-up time and mental well-being in 

Study 1 vs. START (Study 2) may be due to the limited range of potential sleep timing in the 

baseline wave of START data. The observed associations between either bedtimes or 

wakeup times and mental well-being is likely due to a mixture of the causal effect of the 

timing of sleep on depression and anxiety, the fact that particular bedtimes and wakeup 

times define individuals’ total sleep duration, and the unobserved confounding variables, 

such as family relationships, that affect both sleep timing and mental health. Within START, 

timing might be less influential since it would be inherently more constrained within this 

study’s sample, since all START schools started at 7:30am.

A better understanding of sleep’s influence on mood is a consequential area of inquiry, since 

adolescent sleep duration could potentially be improved population-wide with a policy 

action to delay high school start time. Although there is a multitude of factors that influence 

the number of hours that adolescents sleep, research has shown that the time high schools 

begin is one of the most salient forces determining the amount of sleep teens get.27 At 

puberty, there are neurobiological changes to children’s circadian clocks and sleep-wake 

homeostasis that postpone adolescents’ sleep-wake cycles relative to those of younger 

children.28 Even in highly sleep-conducive settings, due to teens’ circadian biology, many 

adolescents will struggle to fall asleep earlier than 11pm or wake before 8am. High schools 

that start before 8:30am inevitably truncate students’ necessary sleep. Fortunately, when 

high schools shift their start times to 8:30am or later,29 adolescents are enabled to get more 

sleep.30,31 There is a suggestion in the literature that later high school start times are 

associated with better mental well-being by delaying students’ required wake-up time and 

enhancing sleep duration. However, studies on this topic are few19,32,33 and often have 

methodological limitations.34 If increasing adolescent sleep duration by delaying school 

start time is to have an effect on their risk of depression, there would need to be a causal 

relationship sleep duration and depressive mood.

We feel this work is important, not just because it adds to the previous literature on the 

relationship between adolescent sleep and mental well-being which has school policy 

implications, but also because previous studies are difficult to compare directly due to 

differing methodologies and measures.35 “Conceptual” or “partial” replications, like the one 

presented here, have the same information focus as previous research (e.g. measuring the 

association between sleep and depressive mood), while duplicating some procedural 

variables or even using radically different methods.22 A broader conception of replication 

allows not only for control of sampling error and/or fraud, but also allows one to generalize 

from results and to verify the underlying hypotheses of previous research.25Although 

Berger et al. Page 5

Sleep Health. Author manuscript; available in PMC 2020 February 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



START (Study 2) and Study 1 differ in the selection of participating schools, the students 

recruited, the sample sizes, the temporal setting, and the precise content of their respective 

sleep and behavior questionnaires, those differences do not diminish the value of re-testing 

the core hypothesis of Study 1. In fact, we argue that these differences strengthen the value 

of the replication as our results suggest the findings have greater external validity and 

transportability. The findings from START (Study 2), where we used nearly identical 

measures and analytical methods as those used in Study 1, add weight to what was 

previously reported in Study 1 which took place in different populations of adolescents 

roughly five years prior. Had START failed to reproduce the findings from Study 1, we may 

have been left wondering if the differing context or sampling strategy caused the failure, or 

if the association never existed in the first place. By reproducing the earlier findings, 

however, we are able to increase our confidence that this association exists in various 

settings and with differing populations, and may be modifiable.

A topic such as population-level sleep change and its impact on various outcomes over 

longer periods of time is an important direction for future research, but unfortunately is not 

amenable to exploration through a randomized, controlled experiments (RCT), which leaves 

us observational studies for discovery in this area. Despite this dilemma, inference on causal 

questions is not an intractable problem. In the case of adolescent sleep, at any given time, 

there are schools across the US revising their start times in response to a variety of issues 

including transportation, population changes within a district, and concern for how school 

schedules impact student well-being. Given that it is established within a large body of 

longitudinal and cross-sectional research that school start times determine students’ sleep 

duration,34,36 there are opportunities to study outcomes of these natural experiments and to 

potentially conduct quasi-replication studies. Developments in methodologies for evaluating 

natural experiments have allowed for strengthened causal inference in these types of 

exposure-outcome questions where an RCT is not possible.37 Reassuringly, within-study 

comparisons have shown that natural experiment evaluation methodologies can be 

reasonably comparable to results from RCTs.38

Conclusions

Although we know that adolescents require 8–10 hours of sleep for optimal functioning,14 

very few teens are able to get this much sleep on school nights.13 Improving sleep duration 

could potentially enhance mental well-being. Given that short sleep duration among 

adolescents is a population-wide issue, a public health approach is needed. Although there is 

a multitude of factors that influence the number of hours that adolescents sleep, research has 

shown that the time high schools begin is one of the most salient forces determining the 

amount of sleep teens get.27 Because adolescent sleep/wake times are determined, in a large 

part, by biological factors, a policy that allows for later wake-up times can facilitate a more 

optimal dose of sleep. This issue deserves attention from school districts, given adolescents’ 

widespread exposure to early start times in the US, the current epidemic of short sleep 

duration among youth, and the growing evidence that short sleep duration can seriously and 

negatively impact health youth development.13,39
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