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Abstract

Objective—The purpose of this study was to examine the associations of sleep duration and 

socioecological protective factors with patterns of adolescent risk behaviors in Fairfax County, VA 

- one of the largest public-school districts in the United States.

Methods—A total of 21,360 and 20,330 students in 10th and 12th grades who completed the 

youth risk behavior survey were included in this cross-sectional analysis. Sleep duration was 

measured by self-report of the average number of hours of sleep on a school night. Ten 

socioecological protective factors included individual-peer, family, school, and community 

domains. Latent class analysis was used to classify 7 risk behaviors (alcohol use, cigarette use, 

illicit drug use, inappropriate prescription drug use, risky sexual behavior, deviant behavior, and 

academic failure) into 4 class-memberships (Low, Some, Moderate, and High). Multinomial 

regression models were adjusted for age, gender, and race.

Results—Adolescents who reported sleeping the recommended 8–9 hours were significantly less 

likely to belong to the class-memberships of greater risk behaviors compared to those who 

reported short and longer sleep duration after controlling for age, gender, race, and survey year. 
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There was a significant inverse relationship between the number of socioecological protective 

factors and risk behaviors for both 10th and 12th graders. Potential risks of age, sex, and race on 

risky behaviors were observed. No significant interaction between sleep duration and protective 

factors was found in both grades.

Conclusions—This study highlights the significant associations between sleep duration and risk 

behaviors in adolescents with diverse socioecological protective factors. Prioritization of 

prevention-focused resources should consider sleep duration in addition to the socioecological 

protective factors commonly cited in the literature when addressing adolescent risk behaviors.

Introduction

Adolescent risk behaviors, including engagement in behaviors such as delinquency, 

substance use, alcohol use, and risky sexual behavior pose a threat to healthy development 

and significantly increase morbidity and mortality in this population.1,2 Although rates of 

some adolescent risk behaviors such as alcohol use and sexual activity have declined in the 

United States over the past two decades, the rates remain high at over 30% and 40% 

respectively.3 Additionally, reported rates of marijuana use among adolescents have 

remained steady at around 22%.3 Because of the association between risk behaviors and 

adverse outcomes4,5 such as motor vehicle crashes, other unintentional injuries, homicide 

and suicide – the four causes of over 70% of all deaths among persons 10–24 years 

according to the most recent data6 - risky behaviors in adolescents are considered to be a 

major public health threat.7 Thus, investment in enhancing protective factors in order to 

prevent adolescent risk behaviors has the potential to improve survival rates and well-being.8

Because adolescent risk behaviors occur within the context of complex interactions between 

socioecological risk and protective factors,9 primary prevention efforts must consider all 

socioecological levels - individual, interpersonal, community, and societal - to reduce risk 

and enhance protective factors.10 Previous studies have found a wide range of protective 

factors, including parental expectations and monitoring, positive peer influences, supportive 

school environment, and positive perception of their community to provide protection 

against engagement in adolescent risk behaviors,11 including cigarette, alcohol, and drug use 

among high school students.12 Despite these insights, identifying primary prevention 

approaches to reduce adolescent risk behaviors remains one of both critical importance and 

ongoing study.12–14

The search for additional protective factors beyond those described above has led to 

consideration of the role of sleep duration in mitigating adolescent risk behaviors.15–17 It is 

recommended that adolescents sleep 8–10 hours per day to meet their overall health and 

developmental needs;18 however, only about 30% of adolescents in the U.S. achieve this 

goal.19 Furthermore, there is a substantial body of evidence supporting an association 

between insufficient sleep in adolescents and an increased risk of motor vehicle accidents,20 

sports injuries,21 work-related injuries,22 and adverse mental health outcomes,16 as well as 

engagement in smoking, sexual activity, alcohol use, and illicit drug use.23 The association 

between insufficient sleep and poor academic performance24 is also of concern considering 

the link between academic achievement and human health and capital.25 In a large 
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socioeconomically diverse school-based sample of 10,718 and 11,240 eighth-grade students 

in 2010 and 2012, respectively, we previously reported that insufficient sleep, specifically, a 

sleep duration ≤7 hours, was associated with increased risk behaviors.17

Previous epidemiological studies predominantly examined sleep duration as a risk factor in 

the context of adolescent risk behaviors, but there are merits to examining sleep duration as 

a protective factor. Sleep duration is a low cost, modifiable factor that may be important in 

the development and implementation of primary prevention interventions to address 

adolescent risk behaviors. The leading advocates for children’s health such as the American 

Academy of Pediatrics, and the American Academy of Sleep Medicine (AASM) endorsed 

protective effects of the recommended amount of sleep on a regular basis to promote optimal 

health.18 For adolescents with access to fewer socioecological protective factors, it is 

expected that the association between sleep duration and risk behaviors could be complex. 

However, the combination or interactive effect of sleep duration and socioecological 

protective factors on adolescent risk behaviors remain unclear, and worth further exploration 

for the planning of cost-effective and tailored prevention and intervention strategies.

Because different forms of adolescent risk behaviors often co-occur, use of latent class 

analysis (LCA) as a statistical method to identify subgroups/classes within a population is 

increasingly used in studies involving adolescent risk behaviors.26–28 However, we are 

unaware of any studies that examined multiple adolescent risks simultaneously, in relation to 

protective factors and sleep duration.

Considering the emerging interest in the effects of sleep on adolescent risk behaviors and the 

existing body of literature on socioeconomic protective factors and adolescent risk 

behaviors, the purpose of this study was to examine the associations between sleep duration 

and socioecological protective factors (independently and combined) and patterns of 

adolescent risk behaviors in one of the largest and diverse public-school districts in the 

United States. Our study used LCA to identify latent classes among 7 adolescent risk 

behaviors, including Alcohol Use, Cigarette Use, Use of illicit drugs, Inappropriate Use of 

Prescription/Over the Counter Medications (Rx/OTC), Weapon carrying, Risky Sexual 

Activity, and Academic Failure. We hypothesized that there is an association between sleep 

duration and socioecological protective factors and the latent class of risk behaviors engaged 

in by adolescents. In addition, we hypothesized that healthy sleep duration would be 

associated with fewer risk behaviors among adolescents. Considering the importance of 

socioecological protective factors in buffering youth against the trajectory of risk29 and 

adverse childhood experiences,30 the role of sleep health may provide an important focus for 

policy and intervention development.

Methods

Participants

The publicly available archival data used in this study includes 41,690 10th and 12th grade 

students responding to surveys conducted in 2012 and 2014 within the Fairfax County 

Public Schools in Virginia, one of the largest school districts in the United States. Beginning 

in the fall of 2015, the Fairfax County Schools changed the school start times in an effort to 
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provide additional sleep opportunity for the children, therefore data from 2016 were not 

included due the potential for historical bias. We were not able to determine how many 10th 

graders in 2012 were 12th graders in the 2014 because the data were deidentified, therefore 

analyses were performed separately by grade level and we did not perform statistical test for 

differences between grades. The 2012 and 2014 surveys were combined since the data were 

collected within the same school system and there were no differences in the study variables 

between the two years. Because the data were publicly available and de-identified by the 

Fairfax County Public, this research received an exemption from IRB review. Permission to 

conduct this study was provided by Fairfax County Public.

Measures

Demographics—Sex and race/ethnicity characteristics were included in our analyses as 

covariates following previous studies.16,17 The students were asked two questions about 

their race and ethnicity, and these data were re-coded by the school system as white and non-

white for de-identification purposes. Due to the variability of age within the 10th and 12th 

grades, we also controlled for age in our analyses. We also controlled for cluster correlation 

within each school.

Youth Survey—The Youth Survey used in this study was adapted from the Centers for 

Disease Control and Prevention (CDC) Youth Risk Behavior Survey (YRBS) that has been 

conducted nationally since 1991. The YRBS provides a unique opportunity to examine the 

relationships between socio-demographic and socioecological factors, including sleep 

duration, protective factors, and multiple adolescent risk behaviors. The 210-question survey 

is administered every two years to all consenting adolescents in 10th and 12th grades in every 

public high school in the district. Completion of the survey is voluntary and parents may opt 

out of allowing their child to complete it. All responses are confidential and all data de-

identified. A total of 89.6% and 86.7% of students enrolled in Fairfax County Public 

Schools (excluding alternative schools) in 2012 and 2014, respectfully, participated in the 

survey. Less than 1% of families opted out,17 but information on the reasons why other 

students did not complete the survey (e.g. those who were absent on the day of the survey) 

was not available to the authors. Due to the limited number of students attending alternative 

schools and the desire to analyze data by grade, gender, and race/ethnicity, alternative 

schools were not included in the publicly available dataset provided to the authors.

Sleep duration—Sleep duration was assessed by a single question on the survey, “On an 

average school night, how many hours of sleep do you get?” Students self-reported that they 

received on average either, “4 hours or less”, “5 hours”, “6 hours”, “7 hours”, “8 hours”, “9 

hours”, or “10 hours or more”. Because the data were not continuous, we re-coded sleep 

duration to less than recommended amount of sleep (1= 7 hours or less), recommended 

amount of sleep (2= 8 or 9 hours), and more than the recommended amount of sleep (3= 10 

hours or more) to align with the recommendations for adolescent sleep duration by the 

American Academy of Sleep Medicine 18.

Protective factors—The survey included 114 questions from the Communities That Care 

Youth Survey from the U.S. Substance Abuse and Mental Health Services Administration to 
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examine 18 risk and 10 protective factors that fall under four domains: community, school, 

family, and peer-individual. We focused on the protective factors for this study, something 

that to our knowledge has not previously been examined. Associations between the 18 risk 

factors (of note, risk factors are different variables from risk behaviors) and sleep duration 

were previously reported by several of the co-authors.17. The 10 protective factors included: 

two community scales (opportunity and rewards for involvement); three family scales 

(attachment scale, opportunities, and rewards for involvement); two school scales 

(opportunity for involvement and rewards for prosocial involvement); and three peer-

individual scales (religiosity, social skills, and belief in moral order). There were 3–5 

questions within each subscale. Each subscale score was compared to a national standard 

established by the Social Development Research Group at the University of Washington, 

based on a database of over 310,000 surveys. The students’ scores were dichotomized 

according to national cut-offs established for 10th and 12th grades.32 Students who fell above 

the cut-off score were considered to have high protection (coded as 1) in that subscale and 

those who fell below the cut-off were considered to have low protection (coded as 0) in that 

subscale. The 10 subscale scores were then added to create a total number of protective 

factors (0–10) that were considered to provide “high protection” to establish a cumulative 

protective factor score. To ensure the validity and reliability of the information, the Fairfax 

County Youth Survey used items from the nationally-validated survey, Communities That 

Care. The Cronbach’s alpha values for the 10 protective factors scales in the 2012 survey 

ranged from 0.42 to 0.83, and in 2014 survey ranged from 0.43 to 0.844 (two of the 10 

subscales had a Cronbach’s alpha below 0.6: social skills (α=0.54) and community 

opportunities for prosocial involvement (α=0.43).

Outcome: Risk behaviors—The seven risk behaviors included in this study were: 

alcohol use, cigarette use, drug use (illicit and inappropriate prescription use), risky sexual 

behavior, carrying a weapon, and academic failure. The prevalence of each risk behavior was 

calculated based on frequency distribution of the student’s answers to 1–5 questions about 

each risk behavior. The list of risk behavior questions is provided in the Supplemental 

Digital Content 1. The responses were dichotomized to a score of zero indicating that the 

student did not endorse engaging in a particular risk behavior and a score of one if the 

student reported answering at least one of the questions from each risk behavior category 

affirmatively. For example, students who reported using beer, wine, or hard liquor in the past 

30 days were scored a one and those who did not report drinking alcohol were scored a zero. 

Similarly, students were asked about using an illicit drug (marijuana, methamphetamine, 

steroids, heroin, ecstasy). If they endorsed using any of these five illicit drugs then they were 

scored as one and those who denied any drug use were scored a zero. Any use of cigarettes 

was scored a one. Questions about prescription drug abuse included use of painkillers 

without a doctor’s order, use of other prescription drug other than painkiller without a 

doctor’s order, and use of OTC to get high. Risk related to carrying a weapon included 

handgun and non-handgun weapon use. Risky sexual behavior was determined by 

endorsement of sexual intercourse, oral sex, and unprotected sexual intercourse. Academic 

failure was determined by endorsement of academic grades that were mostly D’s and F’s, 

skipping school, or coming to class unprepared. These risk behaviors were chosen based on 

Jessor’s problem behavior theory wherein psychosocial determinants of adolescent health 
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include a range of health-compromising behaviors.33 Because adolescents commonly 

engage in multiple or clusters of risk behaviors, we used latent class analysis described 

below to empirically identify subgroups that represent the range of co-occurring risk 

behaviors among the adolescents.

Statistical analysis

Descriptive analysis was performed with means (standard deviation) and frequency of 

demographic characteristics, sleep duration, cumulative protective factors, and risk 

behaviors between 10th and 12th grade. Latent class analysis (LCA) was performed to 

identify class-memberships of the seven risk behaviors with separate samples of 10th and 

12th grade due to the potential dependence from identical individuals between two grade 

groups. Examining the sample separately by grade insured that class-memberships were not 

the same between two grades. Because we could not match students from 2012 to 2014, we 

did not perform any statistical analysis for grade difference. LCA was performed using SAS/

STAT ® version 9.4 with PROC LCA, which used the EM algorithm (Expectation-

maximization).34 Missing data on risk behaviors was handled by the EM algorithm with an 

assumption of missing at random. The number of latent class-memberships was determined 

based on goodness-of-fit criteria, including the likelihood-ratio G2 statistics, Akaike’s 

Information Criterion (AIC), consistent AIC, Bayesian Information Criterion (BIC), and 

adjusted BIC. The LCA produced a categorical variable (i.e., class-membership) 

characterized by the patterns (i.e., response probability) of risk-behaviors within class-

membership. We estimated odds ratios (OR) of risky-behavior class-memberships for 

potential risk factors including total sleep time (short: ≤7h, recommended: 8–9h, and long: 

10+h), the cumulative protective factors, age, sex, race (white vs. non-white), and survey 

years using multinomial regression model, separately, in 10th and 12th grades. Lastly, we 

examined the moderation effect of total sleep time using the multinomial models with an 

interaction between total sleep time and cumulative protective factors in each grade.

Results

Descriptive statistics

A total of 20,787 in 2012 and 20,903 in 2014 students in 10th and 12th grades combined 

participated in the Youth Survey. Upon data cleaning, 91.3% and 93.5% of the 

questionnaires were included in the final dataset in 2012 and 2014, respectively.35 Table 1 

provides a descriptive comparison of the sample. Among 10th grade students, only 22.5% 

reported obtaining 8–9 hours of sleep (recommended amount) whereas 76.3% reported 

sleeping ≤7 hours (insufficient/short sleep duration) in 2012 and 2014. Similarly, only 14% 

of 12th graders reported sleeping 8–9 hours, with the majority (85%) reporting 7 hours or 

less of sleep per night. Only a very small percentage of 10th and 12th graders reported 

sleeping 10 or more hours (1.1% and 0.9%, respectively). These results indicated that 10th 

and 12th graders reported somewhat higher rates of insufficient sleep than the national rates 

reported by the Centers for Disease Control and Prevention based on 2014 Youth Risk 

Behavior Survey data. According to National data, 67.4% and 76.6%, reported <8 hours of 

sleep in 10th and 12th grade, respectfully compared to 76.3% and 85% in this study.36
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On average, students reported an average cumulative protective factor score of 6 (Table 1). 

The means and standard deviations for the cumulative protective factors) were similar 

between 10th and 12th grade, ranging from 5.86 (SD=2.58) to 6.08 (SD=2.62).

From the least to most prevalent, rates of risk behaviors in 10th graders ranged from 2.1% 

(use of illicit drugs) to 24.4% (academic failure). Students in 12th grade also reported the use 

of illicit drugs at the lowest rate (3%), and risky sexual activity was the most prevalent risk 

behavior (46.2%). Four distinct levels of risk behaviors were identified using LCA in both 

10th and 12th grade students (Table 2). The criteria for model selection are shown in Table 4 

and the criteria are rapidly decreased from 2 and 3 class-models and slightly decreased after 

then. The cAIC, BIC, and adj. BIC were minimized at 5 class-models. We reviewed the 

response probabilities for 3, 4, and 5-class models and decided that a 4 class-model included 

the largest response probabilities for all health risk behaviors and was clinically relevant. 

These classes were labeled Low-Risk behaviors (I, N=15,746, 73.7%), Some-Risk behaviors 

(II, N=477, 2.2%), Moderate-Risk behaviors (III, N=4,458, 20.9%), and High-Risk 

behaviors (IV, N=671, 3.1%) within 10th graders. The same labels for the four classes were 

used for the 12th graders but the size of each class differed from the 10th graders: Low-Risk 

behaviors (I, N=11,196, 55.1%), Some-Risk behaviors (II, N=1,661, 8.2%), Moderate-Risk 

behaviors (III, N=6,143, 30.3%), and High Risk behaviors (IV, N=1,309, 6.5%). Risk 

behaviors within each class had similar response probabilities between 10th and 12th except 

within Class II: Some-Risk behaviors included high risk of alcohol use and risky sexual 

activity only at 12th grade.

Associations among sleep duration, protective factors and risk behaviors in bivariate 
analysis

Table 3 shows the odds ratios of Class II, III, and IV for total sleep time and cumulative 

protective factors after adjusting for age, sex, race, and survey year. Male students were 

more likely to belong to higher risky behavior classes (Class II, III, and IV) compared to 

class I among both 10th and 12th grade students. White students were more likely to belong 

to higher risky behavior Classes III and IV compared to class I among both 10th and 12th 

grade students. While there were no significant race differences in belonging to Class II 

versus I among 10th graders, white adolescents in 12th grade were three times more likely to 

belong to group II versus group I. Older age adolescents in 10th grade were more likely to 

belong to classes II-IV compared to Class I.

Sleep duration and risk behaviors—Among 10th grade students, those reporting ≤7 

hours versus the recommended 8–9 hours of sleep had a significantly higher odds of class 

membership in Class II (OR 1.38 CI=1.06, 1.80) and III (OR 1.16, CI 1.05, 1.27), and 

marginally significant in Class IV (OR 1.26, CI .99, 1.61) levels of risk behaviors compared 

to low level of risk behavior (Class I) (Table 3). Regarding those reporting >10 hours of 

sleep, students in 10th grade were significantly more likely than those students who slept the 

recommended duration to be in Class III (OR 1.83, CI 1.31, 2.57), and IV (OR 2.65, CI 1.33, 

5.28) levels of risk behaviors behavior compared to low level of risky behavior (Class I). 

Among 12th graders, the relationship between classes of risk behaviors and sleep duration 

was not significant, despite having higher incidence of risk behaviors.
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Protective factors and risk behaviors—The associations between cumulative (0–10) 

protective factors and risk behaviors after adjusting for the covariates are shown in Table 3. 

Students with greater cumulative protective factors were less likely to belong to a class-

membership of higher risk behaviors rather than low risk behavior class membership in both 

10th and 12th grades. The odds ratios for greater cumulative protective factors are 

significantly less than 1 in 10th grade (Class II (OR= .75 CI = .72, .78), Class III (OR .74, 

CI=.73, .75), Class IV (OR .57 CI=.54, 59) as well as 12th grade (Class II (OR .89 CI=.98, 

91), Class III (OR .78 CI=.77, 80), and Class IV (OR .64. CI=.62, 66)).

Interaction between sleep and protective factors on risk behaviors

Upon determining that healthy sleep duration and protective factors were uniquely 

associated with lower risk behavior class-membership, we examined the interaction of sleep 

and protective factors. We did not find significant interaction between sleep duration and 

cumulative protective factors on the healthy risk behavior class-memberships in either 

group. Figure 1 shows the estimated probabilities of belonging to the highest risk class-

membership of healthy behaviors (Class IV) in short sleep (<8h), recommended sleep (8–

9h), and long sleep (10h+) duration across cumulative protective factors in 10th and 12th 

grade samples. The graph shows less likelihood of the most risky class of health behaviors in 

the healthy sleep durations compared to short and long duration when the cumulative 

protective factor was zero in 10th grade. While the probability of risk behaviors was higher 

among 12th graders who reported fewer protective factors, healthy sleep did not provide 

additional protection.

Discussion

Previous studies have examined the role of sleep as a risk factor for adolescent risk 

behaviors17,37 The unique contribution of our results is the focus on sleep as a protective 
factor for similar risk behaviors. Our findings indicate that when younger adolescents (10th 

graders) obtain the recommended amount of sleep, adolescent risk behaviors are attenuated, 

specifically in those adolescents who report fewer socioecological protective factors. 

Exploration of healthy sleep duration as a potential buffering factor in combination with 

socioecological protective factors among younger adolescents is warranted. Considering that 

children will spend 40% of their lives sleeping by the time they are 18 years old, primary 

care pediatric providers play an important role in messaging about sleep health. However, a 

recent review of the literature found that sleep is not commonly addressed in pediatric 

primary care visits; there are even lower rates of identification of sleep problems and 

interventions to address sleep health.38 Future studies using a longitudinal design to expand 

and replicate our findings could have important implications for increasing attention on 

sleep health in primary care and developing tailored, cost-effective interventions for 

adolescents in low resource communities or who otherwise report a low connection with 

their peers, families, school and/or communities.

Further implications for this study include evidence to provide more sleep opportunity for 

adolescents. Researchers have linked early school start times, which limit the opportunity for 

sleep and are in direct conflict with natural circadian rhythms, to many negative 

Ordway et al. Page 8

J Dev Behav Pediatr. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



consequences, including depression symptoms and suicidal ideation, substance use,16 

increased sports-related injuries in student athletes,21 and an increased risk of drowsy 

driving and motor vehicle crashes,20 as well as other injury-related risk behaviors such as 

not wearing a seatbelt and texting while driving.39 This is further compounded by “social jet 

lag” that results from the common practice of extending sleep on weekends.40 Conversely, 

there is growing evidence that later school start times are associated with less 
depression41,42 and fewer car crashes43–45 as well as improved academic achievement, 

higher standardized test scores, reduced absenteeism, and higher graduation rates.46 There 

has been considerable discussion about which students would benefit most from later start 

times, and our study may help inform these decisions. For example, we found that 10th 

graders who achieved the recommended hours of sleep participate in less risky behaviors; 

this same association was not found in 12th graders, suggesting that in terms of risk 

behaviors, younger teens may benefit most from delayed start times. Results from this study 

suggest that sleep is a protective factor in reducing adolescent risk taking behaviors, thus 

providing an argument for increased sleep opportunity resulting from later school start 

times.

The use of LCA allowed us to cluster adolescent risk behaviors and simultaneously examine 

the association of these clusters with socioecological protective factors and sleep duration. In 

this way we focused on sleep duration as a protective factor, arguably one that may be more 

easily modifiable that the socioecological protective factors. Our results validate the well-

established literature on the high prevalence of poor sleep duration among adolescents.
39,47,48 Hence, much more work is needed to help meet the goal rate of 33% of adolescents 

who receive 8 or more hours of sleep as highlighted by the Healthy People 2020 sleep 

initiatives.19

Consistent with previous studies, adolescents in this study reported concurrent risk 

behaviors. An increasing number of studies examine risk factors in clusters, and just as 

described in a recent systematic review,49 our findings indicate that sexual risk behavior 

clustered together with alcohol and cigarette use. An understanding of how adolescents’ risk 

behaviors are clustered has important implications for the development and tailoring of 

interventions.50 The consensus of the research on clustering of adolescent risk behaviors is 

to approach prevention by identifying when to optimally intervene and focus on promoting 

healthy lifestyles.49,50

Protective factors operate within the socioecological levels of individual, interpersonal 

(family and friends), organization (school), and community.51 While there is strong evidence 

to support the role of protective factors in reducing rates of adolescent risk behaviors, 

morbidity and mortality rates related to risk behaviors remain high.14,52–54 Identifying 

additional ways to reduce adolescent risk behaviors remains one of both critical importance 

and ongoing study.12–14 Thus, our findings that sleep is associated with fewer risk behaviors 

has important clinical and policy implications. For example, a recent MMWR publication 

highlighted the development of coordinated school health models such as the Whole School, 

Whole Community, Whole Child model to provide safe, supportive environments and 

increase engagement from the community and families (i.e. protective factors) in order to 

reduce the risk of academic failure among high school students, a known risk for poorer 
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future health.55 The significant negative association between sleep and protective factors 

with risk taking behaviors in our study suggests that, at the organization level, coordinated 

school health models might include sleep as a key variable in future programming.

Our hypothesis that sleep duration would be associated with fewer risk behaviors was less 

robustly supported among 12th graders and is worth further exploration. One possible 

explanation could be the maturity in logical reasoning abilities. Logical reasoning abilities 

reach adult levels by age 16 (typically 11th grade) and therefore could have exerted a 

stronger influence on risk behaviors than the combination of sleep duration and protective 

factors among the 12th graders.56 However, understanding the link between 

neuromaturational processes (many of which extend well into the third decade of life) and 

real-world behaviors is not well understood and is the focus of many current studies.57 For 

example, the prefrontal cortex is one of the last areas of the brain to mature and it is the 

center for judgment making when faced with difficult situations.58 This may be exacerbated 

by chronic sleep loss. Chronic sleep loss can change behavioral, cognitive, and emotional 

control centers, located primarily in the prefrontal cortex, that alter thought processes about 

taking risks.59 Notably, the 12th graders in this study reported very low rates of 

recommended sleep duration, 14% - much lower than 10th graders. The cross-sectional 

design of this study and deidentified data set limited our ability to test whether sleep loss 

persisted or worsened in individuals from 10th to 12th grade.

There are several strengths and limitations in this study. The strength of a large sample size 

in this study must be balanced with the reliance on self-reported sleep duration data rather 

than objective sleep data that could be obtained with actigraphy or polysomnography and 

cross-sectional design. In addition, the adolescent report of sleep duration was limited to 

nighttime sleep during the school week and therefore did not capture the amount of sleep on 

the weekends or daytime nap periods. Previous studies have noted that a weekday-weekend 

sleep discrepancy can lead to functional impairment (“social jet lag”) that may lead to 

increased risk behaviors.60 Furthermore, due to the limitations of the sleep data, we were not 

able to explore the possible role of circadian factors, specifically, an “evening chronotype” 

or circadian-based preference for later bedtimes and wake times, which has been shown to 

be associated with both deficits in self-regulation48 and increased risk behavior in 

adolescents.61 While the study sample was large and socio-culturally diverse, the fact that 

students were from a single school district may limit the generalizability. Finally, we did not 

have access to survey data regarding students’ race and ethnicity (beyond white versus non-

white) or socioeconomic status, therefore limiting more granularity on the potential 

influence of student background on the variables of interest. Student background, health, and 

environment (e.g. mental illness, trauma exposure, socioeconomic status, etc.) may have 

provided additional confounders to understand the context in which adolescents sleep >10 

hours a night and report limited protective factors.

Conclusion

Our aims for this study were to extend what is known about the unique influences of 

protective factors and sleep duration on adolescent risk behaviors and provide population-

level data on their associations with adolescent risk behaviors that threaten adolescents’ 
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morbidity and mortality. Considering that more than two-thirds of adolescents sleep less 

than what is recommended by the American Academy of Sleep Medicine and the American 

Academy of Pediatrics, the negative associations between sleep and adolescent risk taking in 

the presence of fewer protective factors reported in this paper provides support for programs 

that support adolescents in obtaining the recommended hours of sleep to supplement the 

mitigating effects of protective factors on adolescent risk behaviors. The findings that 12th 

grade students reported receiving adequate sleep at lower rates than 10th grade students 

suggest that sleep deprivation may be worse among older adolescents. Future work should 

include longitudinal matched data to examine the patterns of sleep deprivation with risk 

taking. The potential for such chronic sleep deprivation to negatively affect the prefrontal 

cortex, the cornerstone for emotion and behavior regulation, has great policy and practice 

implications to develop interventions to support sleep health earlier in childhood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Predicted probability of high risky behavior class-membership (Class IV) across cumulative 

protective factor with different sleep time

Note. The estimated probabilities were obtained from multinomial regression model with 

protective factor, total sleep time, and their interaction at 10th and 12th grade separately.
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