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Abstract

Background and Objective—Short nighttime sleep duration is a possible factor contributing 

to childhood obesity. Our objective was to evaluate associations between sleep timing (including 

bedtime and waketime) and its association with weight gain in 4-5 year-old children.

Methods—We used cross-sectional and longitudinal regression analyses of a large, nationally-

representative sample of children from the Early Childhood Longitudinal Study–Birth Cohort. 

Data regarding the timing and duration of weekday sleep was assessed via parent questionnaire. 

Short sleep duration, late bedtime and early wake time were defined as those greater than one 

standard deviation from the mean for the group.

Results—Using linear regression adjusted for confounders, sleep duration at 4 and 5 years and 

bedtime at 5 years were linked to BMI-z-score (p<0.001). Odds of obesity were higher at 4 years 

for children sleeping <9.44 hours nightly (adjusted odds ratio 1.35, confidence interval 1.02-1.78, 

p<0.05) and at 5 years for children going to bed at 9:00 pm or later (1.49, 1.16-1.45, p<0.01) or 

waking before 6:30 (1.23, 1.01-15.51, p<0.05). Assessed longitudinally, both short sleep duration 

(p<0.05) and later bedtime at 4 years (p<0.01) were associated with increase in BMI-z-score 

between 4-5 years.

Conclusions—Children with shorter nighttime sleep durations and later bedtimes were more 

likely to be obese and to gain weight over time. Pediatricians should encourage families to place 

children to bed at earlier times to promote longer sleep duration as a potential means of controlling 

weight gain.
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Introduction

Over the past thirty years in the US, obesity rates have tripled, and currently about 1 in 3 

children are overweight or obese(1). Preschoolers who are overweight are twice as likely to 

be overweight adults(2). The trend of increasing obesity is associated with many adverse 
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health outcomes including cardiovascular, endocrine and psychological morbidity(3). As the 

long term risks of obesity are discovered, there is increasing interest in prevention strategies 

for maintaining normal weight.

Duration of nighttime sleep is a modifiable risk factor(4) related to many health outcomes, 

including obesity. Multiple studies relate shorter sleep duration to a range of morbidities 

including obesity, diabetes, coronary heart disease, and depression, as well as mortality(5-7). 

“Short sleeping” is typically defined for adults as less than 7 hours per night, with variable 

definitions during childhood. The AAP currently recommends that children ages 3-10 years 

receive 10-12 hours of sleep nightly(8). Among children and adolescents, many(9-16) but 

not all(17,18) previous reports have suggested that nighttime sleep duration is related to 

childhood overweight and obesity. However, these studies have had limitations that affect 

their generalizability to US preschool and kindergarten children, including use of wide age 

ranges(9,11,12), use of data from other countries(9,10,15,17), limited sample size without 

adjustment for confounders(14), and lack of longitudinal assessment(10). These studies have 

failed to evaluate for potential relationships between low amounts of sleep and less statural 

growth, a potential cause of high body mass index (BMI). Additionally, none of these studies 

has evaluated the relationship between bedtime and waketime on weight gain in this age 

range Such information would be helpful in guiding recommendations to parents regarding 

sleep timing.

Our goal was to assess cross-sectional and prospective relationships between sleep duration, 

sleep timing and weight status in preschool and kindergarten children. Our hypothesis was 

that shorter nightly sleep, related to both later bedtime and earlier waketime, would 

correspond to higher weight status and prospective weight gain, even after adjustment of 

potential confounders. We used the Early Childhood Longitudinal Study–Birth Cohort 

(ECLS-B), a large, nationally-representative cohort of children followed prospectively until 

kindergarten, to clarify potential relationships between sleep duration and timing and body 

weight in early childhood.

Methods

Data Set

The ECLS-B is a large multi-source, multi-method study sponsored by the National Center 

for Education Statistics (NCES), United States Department of Education. The ethics review 

board at NCES approved the study. The ECLS-B includes a nationally-representative sample 

of children born in 2001 selected by random sampling of birth certificates and examined 

longitudinally at ages 9 months, 2 years, 4 years and 5 years (from 9/2001–8/2006). The 

researchers obtained a final sample of approximately 10,700 completed parent interviews. 

NCES obtained informed consent from all participants.

Measures

The current analysis includes data from the evaluations at ages 4 years and 5 years during 

which data on nighttime sleep was available(19). The primary care-giver (most often the 

mother) completed a computer-assisted interview at home by trained assessors. The main 
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predictor variable for this analysis, nighttime sleep duration, was calculated from the parent 

responses to two questions: “about what time does your child usually go to sleep on a 

weeknight?” and “about what time does your child usually wake up on a weekday?” These 

questions were used to examine nighttime sleep duration as well as bed and waketimes. 

Previous studies found that parental reports for bed and waketimes correspond with sleep 

duration as measured by actigraphy(20). Nighttime sleep durationwas examined 

continuously by approximate quintiles. Bedtime and waketime were divided into tertiles 

because commonly-reported bedtimes and waketimes precluded even division into quintiles. 

For logistic regression we used a cut-off of one standard deviation below the mean to 

categorize short sleep duration, late bedtime and early waketime.

During the parent interview, parents identified their child's gender and race/ethnicity. The 

parents told how many hours their child watches television on a typical weekday. In the 

ECLS-B the variable for each family's socioeconomic status was created by the NCES using 

family income, maternal education, maternal occupation, paternal education and paternal 

occupation based on an aggregate of data compiled by 5 years of age. This measure was then 

broken into quintiles(19).

The children's height and weight were measured using a standardized protocol. The children 

were dressed in light clothing without shoes. A portable stadiometer was used to measure 

height and a digital scale was used for weight. BMI was calculated as weight in kilograms 

divided by height in meters squared. BMI categories for normal (<85th%), overweight 

(≥85th–95th%), and obese (≥95th%) were defined based on percentiles according to age and 

gender using the 2000 Centers for Disease Control and Prevention growth charts for the 

United States. BMI z-scores were created using CDC SAS code.

Data Analysis

We performed statistical analyses using SAS software, Version 9.2 (SAS Institute Inc., Cary, 

NC, USA). All unweighted sample sizes are rounded to the nearest 50 in compliance with 

the NCES rules. We conducted all tests using two-sided analyses with a significance level of 

alpha equal to 0.05. SAS survey procedures were used to account for the complex sampling 

design in the ECLS-B and appropriate weights provided by the NCES were used to give 

population estimates. These weights adjust for the complex sampling design and 

oversampling of specific groups that was done during the study and allows for the data to be 

representative of all children born in the US in 2001. We examined the variables for 

normality using univariate and histogram procedures and used frequency procedures to look 

at relationships between the variables, using ANOVA to assess for differences between 

groups. To examine the relationship between sleep duration, bedtime and waketime and 

overweight/obesity, we used linear and logistic regression. To evaluate longitudinal 

associations of sleep duration and sleep timing on weight gain over time, we used linear 

regression, assessing change in BMI z-score between 4–5 years among different groups: 

quintiles of sleep duration at 4 years and tertiles of bedtime and waketime at 4 years. In 

determining mean levels of sleep, bedtime and waketime we adjusted for commonly-used 

confounders of sex, race/ethnicity and SES quintile. In linear and logistic regression analysis 

we additionally included TV viewing to assess its potential role in the relationship between 
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sleep and weight status. In assessing changes in BMI z-score, we additionally excluded 

underweight children (BMI z<-2) to assess whether this affected the magnitude of the 

findings. Beta coefficients, odds ratios (OR), and confidence intervals are reported in tables.

Results

Demographics

We analyzed data from 10,700 initial participants of ECLS-B, of whom 8950 and 7000 at 

the 4- and 5-year time points, respectively had remained in the study and had complete data 

regarding sleep parameters and BMI. At the 4 year time point, children who dropped out by 

5 years (as compared to those who did not drop out) had similar sleep duration (10.45 vs. 

10.42 hours, p=0.99) and a similar BMI z-score (0.569 vs. 0.536, p=0.98). Nighttime sleep 

duration, bedtime and waketime by sex, race/ethnicity and SES quintile are shown in Table 

1. As expected, there were significant inverse correlations between shorter sleep and both 

later bedtime and earlier waketime (Pearson's r at 4 years -0.43 for bedtime, and 0.61 for 

waketime, both p<0.001). From a cross-sectional basis there was a decrease in sleep duration 

between age 4–5 years (10.47 hours vs. 10.37 hours), with kindergarteners exhibiting both 

earlier bed times (8:34 pm vs. 8:46 pm) and earlier waketimes (6:56 am vs. 7:14 am)(all 

p<0.0001)(Table 1). Within-child differences also revealed a decrease in sleep duration, with 

children sleeping 5.5 +/-1.0 minutes less at 5 years compared to 4 years, going to bed 11.4 

+/-0.8 minutes earlier and waking 16.8 +/-1.0 minutes earlier. At 4 and 5 years, respectively, 

21% and 23% of children slept less than the 10 hours of sleep that is the lower limit 

recommended by the American Academy of Pediatrics for these ages(8). There were 

significant differences in sleep duration, bedtimes and waketimes by race/ethnicity (chi-

square p<0.0001), with African American children having the shortest sleep duration and 

latest bedtimes and white children having the longest duration. There were also 

progressively earlier bedtimes with increasing SES level. Children watching >2 hours of TV 

daily had later bedtimes and later waketimes at both 4 and 5 years, with shorter sleep 

duration at 5 years only (p<0.01; Table 1). At both 4 and 5 years, children in the lowest 

quintile for sleep (p<0.05) and the highest tertile for bedtime (p<0.001) were more likely to 

have watched >2 hours of TV (data not shown). This was also true for children with the 

earliest wake tertile at 4 years (p<0.05) but not 5 years (p=0.66; data not shown).

Sleep characteristics by weight category

At both 4 and 5 years there was a high prevalence of children who were overweight (15.9%, 

16.6%, respectively) and obese (15.6% and 15.2%; Supplementary Table 1). Sleep duration 

by weight category is further given in Supplementary Table 1. At both 4 and 5 years there 

was shorter sleep duration among children in the heavier weight category, with obese 

children sleeping less than normal-weight children at both 4 years (10.5 hours normal 

weight vs. 10.37 hours obese, p<0.01) and 5 years (10.4 hours normal weight vs. 10.27 

hours obese, p<0.01). Similarly, bedtime was later among obese children as compared to 

normal weight children (p<0.05; Supplementary Table 1).
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Cross-sectional evaluation of sleep parameters and BMI z-score

Figure 1 displays mean BMI z-scores by quintile of night time sleep, adjusted for sex, race/

ethnicity, and SES. At both 4 and 5 years, BMI z-score was progressively higher with 

decreasing sleep duration. This inverse relationship between sleep duration and BMI z-score 

was evaluated further using linear regression as shown in Supplementary Table 2, with a 

significant inverse association between sleep duration and BMI z-score at 4 and 5 years that 

persisted following adjustment for potential confounders (sex, race/ethnicity, SES, TV 

viewing; p<0.001). At 4 and 5 years, each additional hour of sleep was associated with a 

lower BMI z-score of 0.06 and 0.09 units, respectively. At 4 and 5 years, later bedtime was 

associated with higher BMI z-score; this association was attenuated following adjustment 

for the confounders above at 4 (p=0.24) but not 5 years (p<0.05). Waketime was not 

associated with BMI z-score, though at 5 years there was a trend toward an association 

between earlier waketime and obesity following adjustment (p=0.051). We further evaluated 

for effects of sleep amount on height-for-age z-scores and did not find an association (data 

not shown). For all of these analyses, exclusion of underweight children from the sample did 

not alter the results.

We next divided children into those who had short sleep duration, late bedtime and early 

waketime based on those who were greater than one standard deviation from the mean. 

Those who had late bedtimes by this estimate also had early waketimes for 5.6% of 

preschoolers and 7.1% of kindergarteners. We then used logistic regression to compare 

children's odds of obesity based on sleep parameters (Table 2). Regarding sleep duration and 

risk of obesity, in fully-adjusted models at age 4 years children in the lowest quintile (sleep 

duration <9.44 hours) compared to all other children had an OR of 1.36 (1.03-1.80, p<0.05) 

for being obese (p<0.05). Regarding bedtime and risk of obesity, 5-year-old children with a 

bedtime at 9:00 pm or later had an OR of 1.49 (1.16-1.91) for being obese (p<0.01). Finally, 

regarding waketime, children at 5 years waking before 6:30 am had an OR of 1.23 

(1.01-1.51) for being obese (p<0.05).

Longitudinal evaluation of sleep and weight status

We next hypothesized that lower sleep duration, later bedtime and earlier waketime would 

contribute to increased weight gain over time. Children in the lowest quintile for sleep at age 

4 years exhibited an increase in BMI z-score while children in the highest sleep quintile 

overall exhibited a decrease in BMI z-score (Figure 2). Using linear regression to assess the 

relationship between sleep characteristics at age 4 years and change in BMI z-score between 

4–5 years of age, sleep duration was inversely associated with BMI z-score over time 

(p<0.05), while later bedtime was associated with a higher BMI z-score (p<0.01; 

Supplementary Table 3).

Discussion

Evidence that temporal changes in sleep duration(21) may have contributed to the current 

obesity epidemic continues to accumulate, with multiple studies in adults(5) and 

children(9-16) linking shorter sleep time with higher weight status. The current study 

expands on previous reports by demonstrating 1) the association between short-sleep and 
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higher BMI z-score following adjustment for multiple confounders is present already by 

preschool among a large, nationally-representative sample, 2) preschoolers with short-sleep 

are more likely to exhibit increased BMI z-score over a year's time and 3) later bedtime in 

particular was associated with higher weight status and increased weight gain over time. 

These findings suggest the potential that setting earlier bedtime for preschool children 

represents a modifiable lifestyle practice(4) that may help restrain unhealthy weight gain. In 

this way, this study supports recent calls by national organizations(22,23) and 

researchers(12,13) for more sleep in childhood.

In this national sample, preschool and kindergarten children slept an average of 10.47 hours 

per night at 4 years and 10.37 hours at 5 years, which appears to reflect a decrease in 

nighttime sleep duration from previous estimates of 11.5 hours nightly for 4 year-olds in the 

1970's-1980's(24). The Zurich Longitudinal Studies followed sleep patterns among almost 

500 children from the 1970's–1990's and reported nighttime sleep mean +/- standard 

deviation of 11.2 +/-0.8 hours at 4 years and 11.1 +/-0.7 hours at 5 years(21). Thus, ECLS-B 

mean sleep duration is equivalent to one standard deviation below the mean from the Zurich 

Study, suggesting the potential for overall sleep deprivation nationally in this age range. 

AAP recommendations regarding sleep are that children ages 3-10 years receive 10-12 hours 

of sleep nightly(8). In our study 21%-23% of children received less than the recommended 

lower range of sleep recommended.

Childhood sleep patterns in preschool and kindergarten are influenced by child temperament 

(potentially affecting compliance with bedtime routines) and parental limit setting(25). 

While total nighttime sleep duration is related to both bedtime and waketime, prior studies 

have implicated later bedtimes and not early waking as the major contributor to the current 

shift toward less sleep(26). We found that childhood weight status was more tightly linked to 

later bedtime than earlier waketime. Late bedtimes are related to factors such as TV viewing 

in school-aged children and adolescents(27). We found associations between increased daily 

TV viewing and later bedtime at 4 and 5 years, though we lacked data regarding whether this 

viewing occurred close to bedtime.

Even though we noted that heavier weight status was more consistently related to later 

bedtime than to earlier rising, we also noted associations of weight status and early rising, 

with an OR of obesity of 1.23 at 5 years for children waking before 6:30 am. While the 

reason for this association is unknown, previous studies have linked early school start times 

to less sleep among school-aged children(22,28). Studies regarding later school start times 

among middle school children reveal an increase in sleep time, with similar bedtimes but 

later waketimes among children in late-starting schools(28), though the effect of later start 

times on weight status has not been studied.

While this study was observational in nature, other studies on this topic have investigated for 

possible mechanistic links between sleep amount and obesity. Potential causative factors 

suggested have included the following: 1) increased caloric intake due to factors such as 

later bedtime and therefore more time available for eating(16,26,29), 2) short-sleep-induced 

or sleep timing induced dysregulation of appetite-related hormones such as ghrelin, leptin 

and cortisol(16,30), 3) a decrease in growth hormone, with related decrease in lipolysis and 
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increase in fat mass accumulation(31), and 4) a decrease in exercise due to short-sleep-

related fatigue(27, 31). More specific to children and adolescents, other studies have noted 

higher duration of TV viewing among short sleepers(9,15,27). Other studies have noted an 

increase in fat mass among short-sleeping children(10) and impaired cellular signaling in 

adipocytes of adults who were short-sleepers(32). These potential mechanisms have not 

been demonstrated in preschool children but involve elements of physiology that may also 

be relevant in this age range. We were unable to test the majority of these hypotheses 

relating short-sleep to obesity, though we noted higher TV viewing among short-sleepers. 

We also evaluated for cross-sectional associations between sleep amount and height and did 

not find any such association, suggesting that the association between shorter sleep and high 

BMI was not due to poor linear growth as a mechanism.

This study has several strengths, including its use of nationally representative data, 

adjustment for multiple potential confounders and assessment of longitudinal data to clarify 

these relationships over time. However, this study also had multiple limitations. Parental 

report of the time of sleep was used instead of measured sleep time, though prior studies 

have shown parental report to be within 20 minutes of actual sleep time(20). Napping was 

not recorded and may play a role in catching up on total sleep debt. A previous paper 

demonstrated that while nighttime sleep was associated with obesity, daytime sleep had no 

association with subsequent obesity at any age(13). Differences in BMI z-score between 

quintiles of sleep were modest (e.g., z-score difference of 0.28 between highest and lowest 

sleep quintile at age 5 years, corresponding to at 0.45 kg difference in weight on average); 

however, on a population basis relatively small differences in weight can have large public 

health implications(33).

Finally, it is important to note that this was an observational study that thus lacks the ability 

to conclude any true causality. Randomized trials of short vs. long duration of sleep have 

been performed in adults(29) and more recently in children(16), demonstrating an increase 

in food intake during the period of time that children were assigned to shorter sleep duration, 

providing plausibility regarding the possible causal nature behind these associations in 

childhood. Nevertheless, in our study, it remains possible that these associations are related 

to confounding variables for which we have failed to account. Overall, the continued 

association of these findings in childhood(9-14), including in longitudinal studies(11), 

supports the potential that earlier bedtimes and increased sleep may restrain childhood 

weight gain over time.

In conclusion, we found multiple cross-sectional and longitudinal links between short-sleep 

duration and later bedtime with weight status in a large cohort of American preschool and 

kindergarten children. These data confirm findings from other international studies and 

smaller cohorts and suggest the potential that increased sleep duration may constitute a 

modifiable means of restraining weight gain in early life. While interventional trials are 

needed to solidify these associations, it seems reasonable for pediatricians to recommend 

earlier bedtimes to promote longer sleep duration for children at risk for obesity.
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Refer to Web version on PubMed Central for supplementary material.
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What is known about this subject

• Short sleep duration in school-age children and adolescents has been linked to 

heavier weight status.

• Over the past 20 years sleep amount has decreased among children, 

coincident with increased rates of obesity.
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What this study adds

• The association between short sleep duration and increased BMI z-score 

following adjustment for multiple confounders is present already by preschool 

in a large, nationally-representative sample.

• Later bedtime in particular was associated with heavier weight status and 

increased weight gain over time.
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Figure 1. BMI z-score by Categories of Sleep Duration, Bedtime and Wake Time
Mean BMI z-score (adjusted for sex, socioeconomic status and race/ethnicity) are shown at 

4 and 5 years by approximate quintiles of sleep duration (A and D) and tertiles of bedtime 

(B and E) and wake time (C and F). Statistical significance: * p<0.05; * p<0.01.
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Figure 2. Longitudinal Changes in BMI z-Score by Categories of Sleep Duration, Bedtime and 
Wake Time
Mean BMI z-score (adjusted for sex, socioeconomic status and race/ethnicity) at 4 and 5 

years based on baseline (4-year-old) sleep duration (A), bedtime (B) and wake time (C).

Comparison of BMI z-score to alternate group: *** p<0.001; * p<0.05.

Comparison of change in BMI z-score (4 to 5 years) between groups: ### p<0.001; #p<0.05.
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