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Abstract

Objective—To examine associations between insufficient sleep and neurobehavioral functioning 

in childhood as reported by mothers and teachers.

Methods—Participants were 1046 children in a pre-birth cohort study. Main exposures were 

insufficient sleep durations at three time points: 6 months to 2 years, defined as sleep < 11 hours/

day, 11-<12 hours/day (v. ≥ 12); 3 to 4 years, defined as sleep < 10 hours/day, 10-<11 hours/day 

(v. ≥11); and 5 to 7 years, sleep < 9 hours/day, 9-<10 hours/day (v. ≥ 10). Outcomes at age 7 were 

executive function, behavior, and social-emotional functioning, assessed by the Behavior Rating 

Inventory of Executive Function (BRIEF) and the Strengths and Difficulties Questionnaire (SDQ). 

Higher scores indicate poorer functioning. Mothers and teachers completed both instruments 

independently.

Results—At age 7, mean (SD) mother and teacher report of the BRIEF global executive 

composite scale were 48.3 (7.9) and 50.7 (9.4) points, respectively, and of the SDQ total 

difficulties score was 6.5 (4.7) and 6.2 (5.7). In multivariable models, children who slept <10 

hours/day at 3–4 years had worse maternal-reported scores for the BRIEF (2.11 points; 95% CI: 

0.17, 4.05) and SDQ (1.91 points; 95% CI: 0.78, 3.05) than those with age-appropriate sleep. 

Children who slept <9 hours/day at 5–7 years also had worse scores. At both ages, associations 

with teacher-reported results were consistent with mothers’. Infants who slept 11-<12 hours/day 

had higher teacher- but not mother-reported scores.
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Conclusions—Insufficient sleep in the preschool and early school years is associated with 

poorer mother- and teacher-reported neurobehavioral processes in mid-childhood.
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INTRODUCTION

Across infancy, childhood, and adolescence, evidence from multiple US and international 

studies suggests a consistent decline in average sleep duration of about 30 to 60 minutes 

over the last 20 years.1 Multiple observational studies in children demonstrate that shorter 

sleep duration and chronic insufficient sleep are associated with a range of adverse health 

and developmental outcomes.2–6. Yet, major questions remain regarding the mechanisms and 

behaviors that may underlie the relationship between insufficient sleep and adverse health 

outcomes. One potential answer is the role of sleep in influencing neurobehavioral processes 

including executive function, behavior, or social-emotional functioning.

It is well known that sleep loss adversely affects neurobehavioral functioning in adults, 

manifested as poor attention, memory, and cognitive dysfunction, but few studies have been 

conducted with young children.7,8 In older children, sleep has been associated with 

behavioral self-regulation which encompasses executive function, or the cognitive processes 

of attention shifting, working memory, and inhibitory control.9,10 For example, in a study by 

Gruber et al. of 35 children ages 7–11 years, shorter sleep duration, measured objectively 

using polysomnography, was associated with higher levels of teacher-reported cognitive 

problems and inattention assessed using the Conners Teacher Rating Scale.11 Insufficient 

sleep may also affect emotional regulation, which represents attempts by an individual to 

modify his/her emotional response to a situation. Thus, mounting evidence suggests 

associations between sleep and neurobehavioral functioning across early childhood.10

The purpose of this study was to examine sleep duration from infancy onwards and 

neurobehavioral functioning in a prospective, cohort of children in which neurobehavioral 

functioning was assessed in mid-childhood. We hypothesized that insufficient sleep at 

multiple time points throughout childhood would be associated with poorer child executive 

function, behavior, and social-emotional functioning as independently reported by mothers 

and teachers.

PARTICIPANTS and METHODS

Subjects/Study Design

Study subjects were participants in Project Viva, a prospective, pre-birth cohort study that 

recruited women during early pregnancy from Atrius Health, a multi-specialty group 

practice in eastern Massachusetts. Details of recruitment and retention procedures are 

available elsewhere.12 Of the 2128 women who delivered a live infant, 1683 children were 

eligible for 7–10 year (‘mid-childhood”) follow-up of whom 1116 attended a mid-childhood 

in-person visit. Since our main exposure was insufficient sleep from 6 months to 7 years, we 
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excluded 70 participants who did not have sleep data for these time points. Thus, our sample 

size for analysis was 1046 children. Compared with the 1046 participants in this analysis, 

non-participants were less likely to have college-educated mothers (59% v. 71%) and to have 

annual household income exceeding $70,000 (52% v. 63%). Parity (48% v. 48% nulliparous) 

and mean maternal age (31.3 v. 32.3 years), however, were fairly similar.

After obtaining written informed consent from mothers, we performed in-person study visits 

with the mother at the end of the first and second trimesters of pregnancy, and with mother 

and child in the first few days after delivery and in infancy (median 6.2 months), early 

childhood (median 3.3 years) and mid-childhood (median 7.7 years). Mothers completed 

mailed questionnaires at 1, 2, 4, 5, and 6 years after birth. Institutional Review Boards of 

participating institutions approved the study protocols.

Measurements

Main Exposures—At 6 months and yearly from 1 to 7 years, mothers reported their 

children’s sleep duration in a usual 24-hour period.5 The main exposure was insufficient 

sleep at three age periods, 6 months to 2 years, 3 to 4 years, and 5 to 7 years. We first 

averaged sleep hours/day during each of these three age periods. Based on age-specific sleep 

recommendations from the National Sleep Foundation,13 we then categorized sleep in each 

period and defined insufficient sleep duration at each time period as follows: from 6 months 

to 2 years, sleep < 11 hours/day or 11-<12 vs. ≥ 12; from 3 to 4 years, sleep < 10 hours/day 

or 10-<11 v. ≥11; and from 5 to 7 years, sleep < 9 hours/day or 9-<10 v. ≥ 10.

Outcome Measures—The main outcomes were mother- and teacher-reports of child 

executive function, behavior, and social-emotional functioning in mid-childhood (median 7.7 

years). To assess executive function, mothers and teachers were mailed the self-administered 

Behavioral Rating Inventory of Executive Function (BRIEF),14 a validated 86-item 

questionnaire designed to assess executive function behaviors in home and school 

environments. The BRIEF includes the following sub-scales: inhibit, shift, emotional 

control, initiate, working memory, plan/organize, organization of materials, and monitor. 

The sub-scales form 2 broadband indexes: (1) the behavioral regulation index, which 

indicates the ability of the child “to shift cognitive set and modulate emotions and behavior 

via appropriate inhibitory control” and (2) the metacognition index, which reflects the 

child’s ability to “initiate, plan, organize, and sustain future-oriented problem-solving in 

working memory.” The BRIEF indices are each scaled to a mean of 50 and standard 

deviation of 10. The global executive composite is the average of the 2 indices, representing 

a summary measure of executive function. Higher BRIEF scores represent poorer executive 

function.

To assess child behavior and social-emotional functioning also in mid-childhood, mothers 

and teachers were mailed the self-administered Strengths and Difficulties Questionnaire 

(SDQ), a validated 25-item questionnaire designed to assess children’s social, emotional, 

and behavioral functioning.15 The SDQ is used widely in research and clinical settings,16 

and has five subscales: prosocial behavior, hyperactivity/inattention, emotional symptoms, 

conduct problems, and peer relationship problems. Possible scores range from 0–40 points. 

Taveras et al. Page 3

Acad Pediatr. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Higher total difficulties scores (with the exclusion of the prosocial scale) indicate greater 

difficulties. Normative data for the SDQ derive from a representative sample of US 

children.17

Other measures—At enrollment, we collected information about maternal age, education, 

parity, and household income. We collected child’s race and ethnicity in early childhood. In 

mid-childhood (median 7.7 years), we administered the Home Observation Measurement of 

the Environment short form (HOME-SF),18 which assesses cognitive stimulation and 

emotional support in the environment. Possible scores range from 0 to 22. Higher scores 

indicate environments more supportive of development. In mid-childhood, we also asked 

parents to report the number of hours their children watched TV/videos on an average 

weekday and weekend day in the past month. Response categories included, “none, < 1 hour 

a day, 1–3 hours a day, 4–6 hours a day, 7–9 hours a day, and ≥10 hours a day”. We did not 

ask specifically about the content of the programming viewed.

Statistical Analysis—We first examined bivariate relationships of children’s sleep 

duration in each age period with each covariate and with our neurobehavioral outcomes. We 

also examined the correlation of sleep in infancy (6 months to 2 years) with sleep at 3–4 

years and 5–7 years using Pearson correlation. We then used multivariable linear regression 

models to examine the associations of insufficient sleep in each age period with the 

neurobehavioral outcomes with and without the inclusion of potential confounders. Our first 

model, Model 1, was adjusted for child age and sex only. We then additionally adjusted the 

multivariable models for potential confounders including sociodemographic factors 

(maternal age, parity; parental education, household income, and HOME-SF score; and child 

race/ethnicity) and child television viewing at mid-childhood (Model 2). The multivariate 

models from 3 to 4 years were adjusted for sleep from 6 months to 2 years; models from 5 to 

7 years were adjusted for sleep from 6 months to 2 years and 3 to 4 years.

The confounding variables in our analyses were not available for all subjects. We therefore 

used multiple imputation to generate plausible values for each missing value.19,20 We used a 

chained equations approach with predictive mean matching based on linear regressions for 

approximately continuous variables and logistic or generalized logistic regression for 

dichotomous or more generally categorical variables. The “completed” data set comprises 

the observed data and one imputed value for each missing value. We replicated this analysis 

across completed data sets and then combined them in a structured fashion that accurately 

reflects the true amount of information in the observed data, i.e., without erroneously 

presuming that the imputed values are known true values, but recovering the information in 

partially observed subjects. We generated 50 complete data sets21 and combined 

multivariable modeling results (Proc MI ANALYZE) in SAS version 9.3 (SAS Institute, 

Cary NC). From these multiple imputation results, we report adjusted effect estimates from 

regressions and 95% confidence intervals for each sleep category with the lowest risk sleep 

category as the reference group.

Given differences in participant characteristics by sleep duration, we also considered 

whether a lack of covariate overlap between exposed (sleep duration 3 to 4 years <10 hours/

day) and unexposed (sleep duration >=10 hours/day) drove our results. We used propensity 
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scores to define overlapping covariate values, or “common support.” We ran common-

support regression after excluding 16 participants where one or the other exposure group 

provided few data; results were similar so we do not report them.22

RESULTS

From 6 months to 2 years, 14% of infants slept <11 hours/day, 25% slept 11-<12 hours/day, 

and 61% slept the recommended amount of ≥ 12 hours/day. From 3–4 years, 12% of 

children slept < 10 hours/day, 31% slept 10-<11 hours/day, and 56% slept the recommended 

amount of ≥ 11 hours/day. From 5–7 years, 6% of children slept <9 hours/day, 23% slept 9-

<10 hours/day, and 71% slept the recommended amount of ≥ 10 hours/day. Characteristics 

of study participants overall, and by sleep duration at ages 5 to 7 years when we also 

measured neurobehavioral functioning, are shown in Table 1. Pearson correlations between 

sleep at 6 months-2 years with sleep at 3–4 years and 5–7 years were 0.46 and 0.42, 

respectively.

As we previously reported, children who lived in homes with lower household incomes and 

lower maternal educational attainment were more likely to sleep < 9 hours per day vs. longer 

hours per day at 5 to 7 years (Table 1).5 In addition, black children were more likely than 

white children to have insufficient sleep (Table 1). In mid-childhood, insufficient sleep was 

also associated with greater hours of television viewing and higher BMI z-scores. In mid-

childhood, mean (SD) mother and teacher report of the BRIEF global executive composite 

scale were 48.3 (7.9) and 50.7 (9.4) points, respectively, and of the SDQ total difficulties 

score were 6.5 (4.7) and 6.2 (5.7), respectively (Table 2). Pearson correlation between 

mother and teacher BRIEF global executive composite scale scores was 0.35. Teacher 

reported BRIEF scores were consistently poorer (higher) than mother’s ratings, although 

associations with sleep duration were similar for mother and teacher report. In bivariate 

analyses (Table 2), children who slept < 9 hours/day compared to those who slept ≥ 10 

hours/day at 5 to 7 years had higher mother- and teacher-report of the BRIEF and SDQ 

indices, indicating poorer function.

In multivariable models adjusted for maternal and child sociodemographic characteristics as 

well as child TV viewing in mid-childhood, we found that infants who slept <11 hours/day 

(v. ≥12) did not have worse mother- (Table 3) or teacher (Table 4) reported BRIEF or SDQ 

scores in mid-childhood. However, infants who slept 11 to <12 hours (v. ≥12) had worse 

teacher (BRIEF 2.02 points; 95% CI: 0.55, 3.48 and SDQ 1.06; 95% CI: 0.19, 1.92) but not 

mother-reported BRIEF or SDQ scores.

Unlike infancy, children at 3–4 years and 5–7 years with only the shortest duration of sleep 

had neurobehavioral deficits as reported by mothers (Table 3) and teachers (Table 4). For 

example, children with sleep durations <10 hours/day at 3–4 years had worse maternal-

reported mid-childhood scores for both the BRIEF general executive composite (2.11 points; 

95% CI: 0.17, 4.05) and SDQ total difficulties (1.91 points; 95% CI: 0.78, 3.05) scores than 

those with age-appropriate sleep durations. Children with sleep duration <9 hours/day at 5–7 

years also had worse maternal-reported scores: (BRIEF 2.90; 95% CI: 0.16, 5.63; SDQ total 
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difficulties 1.74 points; 95% CI: 0.21, 3.27). At both ages, associations with teacher-reported 

results (Table 4) were consistent with mothers’ reports (Table 3).

DISCUSSION

In this prospective cohort, insufficient sleep in the preschool (ages 3–4 years) and early 

school age years (ages 5 to 7) was associated with poorer mother– and teacher-report of a 

range of neurobehavioral processes in mid-childhood. The associations between insufficient 

sleep and overall poorer functioning was moderately attenuated (~30%) but persisted even 

after adjustment for many potential confounders of the relationship between sleep and 

neurobehavior and in propensity-adjusted analyses. In contrast to the preschool and early 

school age results, associations between insufficient sleep in infancy and later 

neurobehavioral functioning were inconsistent. We did not find a lasting effect of the 

shortest durations of sleep (<11 hours/day) in infancy with adverse neurobehavioral 

functioning in mid-childhood. However, sleep in infancy is moderately correlated with sleep 

later in childhood and thus promotion of good sleep quality and quantity beginning in 

infancy is warranted.

In this study, we assessed a summary measure of executive function (BRIEF Global 

Executive Composite) as well as subcomponents of executive functioning including 

behavioral regulation and metacognition. Insufficient sleep at ages 3–4 and 5–7 was 

associated with both mother- and teacher reported BRIEF Global Executive Composite 

scores that were 2–3 points higher (less favorable) than scores of children who achieved the 

recommended, age-specific amount of sleep. Our findings are consistent with those of a 

study by Gruber et al. in which shorter sleep duration, assessed using actigraphy, was 

associated with cognitive problems and inattention assessed using the Connors Teacher 

Rating Scale.11 Deficits in executive function are clinically relevant in that they underlie 

academic success23 and social competence 24 later in life. Differences in 2–3 points may 

also have relevance on a population level. 25 Research is also increasingly showing that 

executive dysfunction can influence chronic disease-related behaviors.26

In addition to evaluating aspects of executive function we also assessed behavioral 

difficulties reported in the SDQ which reflects inattention/hyperactivity, emotional 

symptoms (anxiety and depression), peer problems, and conduct problems (aggressiveness 

and rule breaking). We found that insufficient sleep at ages 3–4 and 5–7 was associated with 

both mother- and teacher reported total difficulties scores that were 1–2 points higher (less 

favorable) than scores of children who achieved the recommended, age-specific amount of 

sleep. Some but not all previous studies have also found associations of sleep disturbances 

with social-emotional development and behavior. In one study of 591 7 year-old children 

participating in the Auckland Birthweight Collaborative (ABC) Study,27 short sleep 

duration, assessed using actigraphy and defined as sleep < 9 hours/day, was not associated 

with contemporaneous adverse behavior assessed using the SDQ. In another study,28 8098 

parents of children, age 7 years, participating in the Avon Longitudinal Study of Parents and 

Children (ALSPAC) completed the SDQ and reported on children’s sleep-disordered 

breathing symptoms. Sleep-disordered breathing from 6 months to 7 years was associated 

with adverse behavioral outcomes defined as having a total difficulties score in the SDQ in 
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the top 10th percentile. Our findings support those of the ALSPAC study indicating 

neurobehavioral morbidity as a result of impaired sleep.

Our study had several strengths. First, whereas most prior studies assessed executive 

function, behavior, and social-emotional development based on either parent or teacher11 

report, our study is the only one to examine relationships of sleep duration with these 

outcomes reported by both mothers and teachers. A discrepancy between parent and teacher 

ratings of the same child may occur for difficulties that are situation-specific; having 

multiple raters across different settings increases the sensitivity for detecting true 

difficulties;29 we found consistent results with mother and teacher reports. Second, we 

collected longitudinal data on sleep duration beginning in early infancy through 7 years of 

age and adjusted later models of sleep and neurobehavior for sleep at earlier ages. Third, we 

used well-validated screening measures of social-emotional development, behavior, and 

executive function. Our study also had limitations. We estimated sleep duration by mother’s 

report on questionnaires as opposed to using a more objective measure of sleep such as 

accelerometers or diaries. Additionally, we examined only sleep duration as the exposure. It 

is possible that patterns of sleep other than short sleep duration including sleep 

consolidation/fragmentation, day-to-day variability, and sleep timing may be more strongly 

predictive of neurobehavioral outcomes as has been found in a previous study. 30,31 We 

measured neurobehavioral functioning only at age 7 years. Thus, it is possible that other 

conditions related to poor neurobehavioral functioning such as anxiety or depression could 

have preceded or even predicted poor sleep in our sample which in turn could further 

exacerbate executive function. Another limitation is that our cohort is of relatively high 

socio-economic status, potentially limiting generalizability to lower socioeconomic 

environments; it is possible that insufficient sleep may have a greater impact on 

neurobehavioral functioning in lower socioeconomic groups. Finally, in any observational 

study it is possible that unmeasured characteristics and residual confounding might explain 

the observed associations between exposure and outcome. However, results were robust to 

adjustment for a number of measured characteristics by statistical adjustment and also 

propensity-score matching.

CONCLUSION

Insufficient sleep in the preschool and early school years is associated with mother- and 

teacher-reports of poorer function on a range of neurobehavioral processes in mid-

childhood. Additional studies are needed to examine the mediating role of neurobehavioral 

functioning in the relationship between sleep and adverse health outcomes. Nevertheless, our 

results indicate that interventions to promote optimal sleep duration in early childhood could 

have positive effects on cognitive and behavioral functioning.

Acknowledgments

We would like to thank the participants and staff of the Project Viva study. Elsie Taveras, MD, MPH, Emily Oken, 
MD, MPH, Kristen Bub, EdD, Matthew Gillman, MD, SM, and Sheryl Rifas-Shiman, MPH, have no conflicts of 
interest to disclose. The authors have no financial relationships relevant to this article to disclose. Ms. Rifas-Shiman 
had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of 
the data analysis. Drs. Taveras, Oken, and Gillman contributed to the design and conduct of the study; Drs. Taveras, 
Oken, Bub, and Gillman and Ms. Rifas-Shiman contributed to the interpretation of the data; and preparation, 

Taveras et al. Page 7

Acad Pediatr. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



review, or approval of the manuscript; Ms. Rifas-Shiman contributed to the collection, management, and analysis of 
data.

Funding Source: This work was supported by the National Cancer Institute’s Centers for Transdisciplinary 
Research on Energetics and Cancer (TREC) (U54CA116847), the National Institute of Diabetes and Digestive and 
Kidney Diseases (K24DK105989), the Eunice Kennedy Shriver National Institute of Child Health and Human 
Development (R37HD034568), and the National Institute of Environmental Health Sciences (R01 ES016314). The 
opinions or assertions contained herein are the private ones of the authors and are not considered as official or 
reflecting the views of the National Institutes of Health or any other organization.

References

1. Matricciani L, Olds T, Petkov J. In search of lost sleep: Secular trends in the sleep time of school-
aged children and adolescents. Sleep medicine reviews. 2012; 16(3):203–211. [PubMed: 21612957] 

2. Beebe DW. Cognitive, behavioral, and functional consequences of inadequate sleep in children and 
adolescents. Pediatric clinics of North America. Jun; 2011 58(3):649–665. [PubMed: 21600347] 

3. Javaheri S, Storfer-Isser A, Rosen CL, Redline S. Sleep quality and elevated blood pressure in 
adolescents. Circulation. Sep 2; 2008 118(10):1034–1040. [PubMed: 18711015] 

4. Javaheri S, Storfer-Isser A, Rosen CL, Redline S. Association of short and long sleep durations with 
insulin sensitivity in adolescents. The Journal of pediatrics. Apr; 2011 158(4):617–623. [PubMed: 
21146189] 

5. Taveras EM, Gillman MW, Pena MM, Redline S, Rifas-Shiman SL. Chronic sleep curtailment and 
adiposity. Pediatrics. Jun; 2014 133(6):1013–1022. [PubMed: 24843068] 

6. Bell JF, Zimmerman FJ. Shortened nighttime sleep duration in early life and subsequent childhood 
obesity. Archives of pediatrics & adolescent medicine. 2010; 164(9):840–845. [PubMed: 20819966] 

7. Turnbull K, Reid GJ, Morton JB. Behavioral Sleep Problems and their Potential Impact on 
Developing Executive Function in Children. Sleep. 2013; 36(7):1077–1084. [PubMed: 23814345] 

8. Banks S, Dinges DF. Behavioral and physiological consequences of sleep restriction. Journal of 
clinical sleep medicine : JCSM : official publication of the American Academy of Sleep Medicine. 
Aug 15; 2007 3(5):519–528. [PubMed: 17803017] 

9. Tininenko JR, Fisher PA, Bruce J, Pears KC. Associations between sleep and inattentive/hyperactive 
problem behavior among foster and community children. Journal of developmental and behavioral 
pediatrics : JDBP. Oct; 2010 31(8):668–674. [PubMed: 20814340] 

10. Chaput JP, Gray CE, Poitras VJ, et al. Systematic review of the relationships between sleep 
duration and health indicators in school-aged children and youth. Appl Physiol Nutr Metab. Jun; 
2016 41(6 Suppl 3):S266–282. [PubMed: 27306433] 

11. Gruber R, Michaelsen S, Bergmame L, et al. Short sleep duration is associated with teacher-
reported inattention and cognitive problems in healthy school-aged children. Nature and science of 
sleep. 2012; 4:33–40.

12. Gillman MW, Rich-Edwards JW, Rifas-Shiman SL, Lieberman ES, Kleinman KP, Lipshultz SE. 
Maternal age and other predictors of newborn blood pressure. J Pediatr. 2004; 144:240–245. 
[PubMed: 14760269] 

13. Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep Foundation’s sleep time duration 
recommendations: methodology and results summary. Sleep Health. 2015; 1(1):40–43.

14. Gioia GA, Isquith PK, Retzlaff PD, Espy KA. Confirmatory factor analysis of the Behavior Rating 
Inventory of Executive Function (BRIEF) in a clinical sample. Child neuropsychology : a journal 
on normal and abnormal development in childhood and adolescence. Dec; 2002 8(4):249–257. 
[PubMed: 12759822] 

15. Goodman R. Psychometric properties of the strengths and difficulties questionnaire. J Am Acad 
Child Adolesc Psychiatry. Nov; 2001 40(11):1337–1345. [PubMed: 11699809] 

16. Vostanis P. Strengths and Difficulties Questionnaire: research and clinical applications. Curr Opin 
Psychiatry. Jul; 2006 19(4):367–372. [PubMed: 16721165] 

17. Bourdon KH, Goodman R, Rae DS, Simpson G, Koretz DS. The Strengths and Difficulties 
Questionnaire: U.S. normative data and psychometric properties. J Am Acad Child Adolesc 
Psychiatry. Jun; 2005 44(6):557–564. [PubMed: 15908838] 

Taveras et al. Page 8

Acad Pediatr. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



18. Frankenburg WK, Coons CE. Home Screening Questionnaire: its validity in assessing home 
environment. J Pediatr. Apr; 1986 108(4):624–626. [PubMed: 3958839] 

19. Rubin, DB. Multiple Imputation for Nonresponse in Surveys. New York: J. Wiley & Sons; 1987. 

20. Horton NJ, Kleinman KP. Much ado about nothing: A comparison of missing data methods and 
software to fit incomplete data regression models. Am Stat. Feb; 2007 61(1):79–90. [PubMed: 
17401454] 

21. White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and 
guidance for practice. Statistics in medicine. Feb 20; 2011 30(4):377–399. [PubMed: 21225900] 

22. Li L, Kleinman K, Gillman MW. A comparison of confounding adjustment methods with an 
application to early life determinants of childhood obesity. Journal of developmental origins of 
health and disease. Dec; 2014 5(6):435–447. [PubMed: 25171142] 

23. Gathercole SE, Pickering SJ, Knight C, Stegmann Z. Working Memory Skills and Educational 
Attainment: Evidence from National Curriculum Assessments at 7 and 14 Years of Age. Applied 
Cognitive Psychology. 2004; 18(1):1–16.

24. Riggs NR, Jahromi LB, Razza RP, Dillworth-Bart JE, Mueller U. Executive function and the 
promotion of social-emotional competence. Journal of Applied Developmental Psychology. 2006; 
27(4):300–309.

25. Bellinger DC. What is an adverse effect? A possible resolution of clinical and epidemiological 
perspectives on neurobehavioral toxicity. Environ Res. Jul; 2004 95(3):394–405. [PubMed: 
15220073] 

26. Liang J, Matheson BE, Kaye WH, Boutelle KN. Neurocognitive correlates of obesity and obesity-
related behaviors in children and adolescents. Int J Obes (Lond). Apr; 2014 38(4):494–506. 
[PubMed: 23913029] 

27. Nixon GM, Thompson JM, Han DY, et al. Short sleep duration in middle childhood: risk factors 
and consequences. Sleep. Jan; 2008 31(1):71–78. [PubMed: 18220080] 

28. Bonuck K, Freeman K, Chervin RD, Xu L. Sleep-disordered breathing in a population-based 
cohort: behavioral outcomes at 4 and 7 years. Pediatrics. Apr; 2012 129(4):e857–865. [PubMed: 
22392181] 

29. Achenbach TM, McConaughy SH, Howell CT. Child/adolescent behavioral and emotional 
problems: implications of cross-informant correlations for situational specificity. Psychol Bull. 
Mar; 1987 101(2):213–232. [PubMed: 3562706] 

30. Montgomery-Downs HE, Gozal D. Snore-associated sleep fragmentation in infancy: mental 
development effects and contribution of secondhand cigarette smoke exposure. Pediatrics. Mar; 
2006 117(3):e496–502. [PubMed: 16510628] 

31. Price AM, Quach J, Wake M, Bittman M, Hiscock H. Cross-sectional sleep thresholds for optimal 
health and well-being in Australian 4–9-year-olds. Sleep medicine. Jun.2016 22:83–90. [PubMed: 
26431757] 

Taveras et al. Page 9

Acad Pediatr. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What’s New

Impaired neurobehavioral functioning is associated with adverse child health and 

development. In this study we found that insufficient sleep in the preschool and early 

school years is associated with poorer mother- and teacher-reported neurobehavioral 

processes in mid-childhood.
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