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Abstract

Background/Objectives: Sleep measures, such as duration and onset timing, are associated 

with adiposity outcomes among children. Recent research among adults has considered variability 

in sleep and wake onset times, with the Sleep Regularity Index (SRI) as a comprehensive metric 

to measure shifts in sleep and wake onset times between days. However, little research has 

examined regularity and adiposity outcomes among children. This study examined the associations 

of three sleep measures (i.e., sleep duration, sleep onset time, and SRI) with three measures of 

adiposity (i.e., body mass index [BMI], waist circumference, and waist-to-height ratio [WHtR]) in 

a pediatric sample.

Subjects/Methods: Children (ages 4 – 13 years) who were part of the U.S. Newborn Epigenetic 

STudy (NEST) participated. Children (N = 144) wore an ActiGraph for one week. Sleep measures 

were estimated from actigraphy data. Weight, height, and waist circumference were measured by 

trained researchers. BMI and WHtR was calculated with the objectively measured waist and height 
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values. Multiple linear regression models examined associations between child sleep and adiposity 

outcomes, controlling for race/ethnicity, child sex, age, mothers’ BMI and sleep duration.

Results: When considering sleep onset timing and duration, along with demographic covariates, 

sleep onset timing was not significantly associated with any of the three adiposity measures, 

but a longer duration was significantly associated with a lower BMI Z-score (β=−.29, p< .001), 

waist circumference (β=−.31, p<.001), and WHtR (β=−.38, p< .001). When considering SRI and 

duration, duration remained significantly associated with the adiposity measures. The SRI and 

adiposity associations were in the expected direction, but were non-significant, except the SRI and 

WHtR association (β=−0.16, p= .077) was marginally non-significant.

Conclusions: Sleep duration was consistently associated with adiposity measures in children 

4-13 years of age. Pediatric sleep interventions should focus first on elongating nighttime sleep 

duration, and examine if this improves child adiposity outcomes.

INTRODUCTION

Consistent evidence has shown that shorter sleep duration is a prominent risk factor for 

childhood obesity (1,2). Both cross-sectional and longitudinal studies, using subjective and 

objective measures of sleep, across different stages of child development have demonstrated 

these relationships (3). Two recent meta-analyses with data totaling over 75,000 children 

demonstrated that shorter sleep duration was associated with twice the risk for having 

overweight or obesity (4), and for every one hour longer in sleep duration, children’s risk of 

overweight/obesity decreased by 21% (5). Shorter sleep duration during childhood has also 

been linked with adverse markers of metabolic health, including greater abdominal adiposity 

and waist circumference (4).

Aside from sleep duration, there is increasing consideration as to how other sleep measures 

- such as timing and its variability - relate to child obesity outcomes (6–8). Data on sleep 

timing suggests that later bed times and greater variability in sleep onset timing predict 

higher weight status and adiposity (6–11). Data on sleep variability remain limited, with 

inconsistencies in measurement methods across investigations, such as how sleep variability 

is defined (e.g., variability in sleep duration, sleep or wake onset, or sleep habits) and 

measured (e.g., sleep diaries, actigraphy) (1).

There are several measures of sleep regularity that have been developed to measure 

variability in sleep, which include interdaily stability, standard deviation, and social jetlag 

(12,13). More recent measures of sleep regularity include the composite phase deviation 

(14) and the Sleep Regularity Index (SRI) (15). The SRI was developed as a metric for 

quantifying the shifts in both sleep/wake onset times from day to day (15). Compared 

to other variability measures (15,16), it accounts for multiple sleep periods across the 

24-hour period, such as naps, rather than a single nighttime sleep period (12), and measures 

variability between consecutive days, which have a particularly harmful impact on circadian 

alignment. Research using the SRI has examined associations between variability of sleep 

timings and adiposity outcomes in older adults (16), as well as cognitive and mental health 

outcomes in adolescents (17,18).
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However, the relationship between sleep regularity and adiposity has rarely been examined 

in younger children, which is critical because sleep habits are established and long-term 

health behaviors are formed during this timeframe (19–21). Furthermore, since sleep 

regularity has been shown to be associated with adiposity outcomes in adults (16), it may 

also be associated with adiposity outcomes among children. As such, research examining 

how sleep regularity is associated with child adiposity outcomes is warranted. Specifically, 

investigating how sleep regularity is independently associated with child adiposity outcomes, 

in comparison to more-common measures of sleep (e.g., duration and onset timing), is 

needed in order to elucidate how various sleep factors are related to obesity among 

children. A more comprehensive understanding of child sleep characteristics, beyond sleep 

duration and onset, may be critical for optimizing sleep interventions for childhood obesity 

prevention. For example, this could provide researchers and intervention scientists with 

a clearer understanding of mechanisms driving the sleep-obesity relationship, elucidate 

additional targets of intervention and offer more comprehensive sleep measures to examine 

relations with adiposity outcomes.

In addition, multiple measures of child adiposity should be examined in relation to 

multiple sleep measures in order to obtain a more comprehensive evaluation on child 

health risk. While body mass index (BMI) is the most common measure of adiposity, 

waist circumference has also been shown to provide additional variance, above and beyond 

BMI, when predicting coronary artery disease risk factors among children and adolescents 

(22). When stratifying by BMI levels, children with overweight and obesity and a larger 

waist-to-height ratio (WHtR) were more likely to have an increased cardiovascular risk 

compared to children with overweight and obesity, but smaller WHtR (23). A meta-analysis 

among children found that WHtR, waist circumference, and BMI were equally predictive of 

cardio-metabolic risk factors (24), but WHtR was a better predictor of adiposity compared 

to BMI and waist circumference (25). Given the evidence that WHtR is a greater predictor 

of adiposity (25), further sleep research should examine WHtR, while also considering BMI 

and waist circumference in order to gain a more comprehensive understanding.

This study used data from a large, prospective observational study to examine associations 

between sleep duration, sleep timing (sleep onset timing), and the regularity of sleep/wake 

patterns (using the SRI), on child weight and adiposity outcomes. The first aim was to 

examine associations between two sleep measures used in prior research (i.e., sleep onset 

timing and sleep duration) with a more comprehensive assessment of child adiposity (i.e., 

including multiple adiposity measures: BMI, waist circumference, and WHtR) than has 

been previously investigated. The second aim was to determine whether there is a unique 

association between sleep regularity and adiposity outcomes after accounting for sleep 

duration.

MATERIALS AND METHODS

Study design and participant sample

This study included follow-up data from children enrolled in the prospective Newborn 

Epigenetic STudy (NEST). The primary aim of the NEST study was to identify early-

life environmental and nutritional exposures associated with epigenetic alterations during 
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infancy that could alter chronic disease susceptibility. Mother-infant dyads were enrolled 

in NEST during pregnancy and a subset participated in a follow-up study, where data on 

children’s sleep were collected at ages ranging from 4 to 13 years.

Recruitment and enrollment procedures have been described elsewhere (26,27). Briefly, 

women were recruited during pregnancy from prenatal clinics serving Duke University 

Hospital and Durham Regional Hospital Obstetrics facilities between April 2005 to June 

2011. Women were eligible to participate if they were >18 years of age, currently pregnant, 

English or Spanish-speaking, and intended to use one of two local obstetrics facilities for 

their index pregnancy to enable access to labor and birth outcome data. Women who met 

these eligibility criteria and who provided written informed consent were enrolled.

Approximately 3 years later mothers and their children were recruited to participate in 

the follow-up study to NEST to examine prenatal and childhood factors related to obesity. 

Eligibility for this follow-up study were singleton birth, English-speaking, and the child 

being at least 3-years-old. During the follow-up period, all adult participants provided 

written informed consent. Youth provided verbal assent; written assent was obtained for 

children aged 12 or older (n=304). Children were also instructed on how to wear an 

ActiGraph sensor and asked to wear the device for one week. The NEST study and the 

follow-up study were both approved by the Duke Health Institutional Review Board.

Actigraphy data

Primary caregivers (predominately mothers) and children in the NEST follow-up study were 

asked to wear an ActiGraph GT3x+ accelerometer to wear for a week on their non-dominant 

hip. Additionally, participants were reminded to wear the accelerometers via daily text 

messages on the digital platform developed for the purpose of the study (28). Data collection 

was carried out throughout the entire calendar year, with children participating at different 

times during the year. Therefore, children could have participated during a school term or 

during a vacation. Also, the study was completed in Durham, North Carolina, where some 

public schools follow a year-round academic calendar. Every child included in the final 

analyses had at least one weekend day of data, along with data for several weekdays.

Among 304 mother-child dyads that were enrolled, accelerometer data were available from 

n=297 children. Children were instructed to wear the accelerometers continuously day and 

night, but were told that if they felt uncomfortable wearing them to bed, they could remove 

them for the night. Data were downloaded at a 30-second epoch using the ActiLife software. 

To ensure reliable estimation of sleep measures, we included in these analyses children who 

had worn the sensor continuously for at least five days (n=182) and excluded children who 

had continuous non-wearing time longer than 120 minutes (represented as 120 consecutive 

zeros). To do so, we first excluded subjects with actigraphy of less than 7200 minutes. Then 

among the rest of subjects, we detected the longest continuous wearing time, and included 

only those who had at least 7200 minutes of wearing time. The final sample size for these 

analyses was N = 144. Figure 1 includes a flow diagram to show how the final sample of 

children was determined for the analyses.
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Additionally, we examined any group differences between children not included in the 

analyses (n=160) vs. those included (n=144). There were no group differences found with 

respect to gender, race, and adiposity measures. However, children who were included in the 

analyses were older (mean age = 7.81) than children who were not included (mean age = 

7.10).

Sleep measures

The sleep-related metrics (sleep duration, sleep onset time, and SRI) were extrapolated after 

detecting sleep-wake cycles using our previously devised algorithm (29). A robust sigmoid-

transformed cosine model was fitted (30), and a change point between two consecutive 

sleep and wake times was estimated to detect the precise sleep and wake onset timings. 

These critical timepoints are expressed as minutes of the day since midnight (i.e., 00:00) in 

order to derive other metrics and statistical analyses. Nocturnal sleep duration (denoted sleep 

duration throughout the manuscript) was defined as the minutes between a sleep onset time 

and its successive sleep wake time and averaged across days for each child. Sleep Regularity 
Index (SRI) was derived from the sleep onset and wake onset times using a previously 

developed method (16), with larger SRI values being associated with more sleep regularity.

Weight and adiposity measures

Body mass index—Both mother and children’s weight and height were measured by 

trained researchers during the follow-up study visit. Following the National Health and 

Nutrition Examination Survey (NHANES) protocol (31), the mother and child were taken 

into the examination room to collect height (cm and ft) and weight (lbs) using research-

grade equipment. Participants removed their shoes prior to measurement. For height, 

participants stood with their back against the wall, with heels pressed against the wall 

and with their back straight. For weight, participants removed heavy jackets that could 

significantly impact weight and the scale was recalibrated prior to measurement. BMI was 

calculated as (weight [kg] / height[m]2). BMI Z-score was calculated for each child and 

included in the analyses.

Waist circumference—Children’s waist circumference was also measured during the 

follow-up visit by trained researchers. Participants stood with their arms spread out in a “T”. 

Measurements were taken around the waist, right above the hips. Values were quantified in 

centimeters (cm).

Waist-to-height ratio—Children’s waist-to-height ratio was calculated by dividing waist 

measurements by height measurements. Values were quantified in cm.

Additional measures

Maternal race was obtained from a maternal self-report survey that was completed at 

enrollment during pregnancy. Mothers completed additional surveys at follow-up, where 

they reported total household income and their highest educational degree obtained.
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Statistical analyses

Data were first examined for potential outliers. Two cases were removed where children’s 

BMI and waist circumference values indicated possible measurement error. These values 

were deemed implausible for children’s age and the cases were not included in any of the 

reported analyses.

Multiple linear regression models were fit separately for sleep onset and SRI. All models 

included control variables (race/ethnicity, child sex, age, mothers’ current BMI) and sleep 

duration. We also included the season children were in the study by categorizing participants 

by spring (March 21st to June 21st), summer (June 22nd to September 22nd), and fall 

(September 23rd to December 21st). Winter (December 22nd to March 20th) was the 

reference group. Race/ethnicity, child sex, and age were dummy coded. For race/ethnicity, 

two dummy coded variables were created: Black and Other (i.e., Hispanic children and all 

other races/ethnicities), with children who were White as the reference group. For age, two 

dummy coded variables were created as there were few children in the older ages: middle 

aged children (i.e., 7 to 9) and older aged children (i.e., 10 to 13), with children 4 to 6 as the 

reference group. By categorizing age, this allowed for a more equal distribution across age 

groups, compared to if age was treated as continuous. Child sex was coded as one dummy 

variable, with boys coded as 0 and girls coded as 1. Models were fit for each of the three 

outcome measures of adiposity, leading to a total of six separate models. To account for 

multiple testing, the Benjamini-Hochberg procedure was used to adjust the p-values of the 

sleep measures included in the regression analyses (32). All analyses were computed in R 

Version 4.0.5. Statistical significance was defined a priori as p < .05.

RESULTS

Descriptive Statistics

A total of N=144 children’s actigraphy data were selected for analysis. Of the 144 children, 

70 were female, with a mean age of 7.81 years (SD = 1.93 years, range = 4 to 13 years). The 

sample was predominantly Black (62.5%), followed by White (32.6%), and Hispanic/Other 

(4.9%). Mean mother BMI was 32.70 kg/m2 (SD = 9.70, range = 16.42 to 64.30). Mean 

age of mother at follow-up was 35.70 years (SD = 6.13, range = 24 to 51). About 36% of 

mothers had a high school diploma, 10% had an associate’s degree, 20% had a bachelor’s 

degree, and 20% had a master’s or doctoral degree. The remaining 14% of mothers did 

not have a degree. Mean total household income was $58,369/year (SD = 79,014.18, range 

= 0 to 500,000). Continuous variables (i.e., sleep measures and adiposity measures) were 

summarized by their mean and standard deviations in Table 1. Table 2 provides the inter-

correlations between the variables included in the analyses.

When examining the bivariate associations between the three sleep measures and adiposity 

outcomes, SRI and sleep duration were negatively associated with all three adiposity 

outcomes (rs range from −.19 to −.45) while sleep onset timing was positively associated 

with all three adiposity outcomes (rs range from .20 to .23). While SRI and sleep onset 

timing (r = −.37, p < .001) and sleep onset timing and sleep duration (r = −.25, p < .01) were 
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significantly correlated with each other, SRI and sleep duration were not correlated (r = .00, 

p = ns).

Multiple Linear Regression Model Results

Table 3 shows the results from regression models for three adiposity outcomes, using sleep 

duration and sleep onset times as explanatory variables, adjusting for ethnicity/race, child 

sex, age, mothers’ BMI, and season. Sleep onset was not significantly associated with any 

of the three adiposity measures, but a longer sleep duration was significantly associated with 

a lower BMI Z-score (β = −.29, p < .001), waist circumference (β = −.31, p < .001), and 

WHtR (β = −.38, p < .001). Of the covariates included in the models, children aged 7 to 9 

and 10 to 13 had a higher BMI and waist circumference.

Table 4 shows the results from regression models for three adiposity outcomes, using 

sleep duration and SRI as explanatory variables, adjusting for ethnicity/race, child sex, 

age, mothers’ BMI Z-score, and season. The associations between SRI and the adiposity 

measures were in the expected direction but non-significant: BMI (β=−.14, p=.114), 

waist circumference (β=−.11, p=.115), and WHtR (β=−.16, p= .077). Sleep duration was 

significantly associated with all three outcomes (ps < .001). Of the covariates included in the 

models, children’s age was associated with a higher BMI Z-score and waist circumference in 

the expected direction - older children had a higher BMI Z-score and wider waist.

As a sensitivity analysis, we conducted two sets of ANOVAs (results not reported here) to 

assess the associations between seasonality and sleep duration and sleep onset as these two 

sleep measures could change with season. We found that there was a significant association 

with sleep duration and seasonality, with children sleeping more during the summer than 

in the winter. There was no association between sleep onset and seasonality. Additionally, 

we conducted three full models (i.e., BMI Z-score, waist circumference, and WHtR) that 

included all three sleep metrics simultaneously. The results did not differ between the full 

models and separate models: the SRI/adiposity associations were in the expected direction 

but non-significant while sleep duration was significantly associated with all outcomes. The 

three full models are included in the Supplementary Materials.

DISCUSSION

Summary of the Findings

This study examined the associations between three measures of sleep (i.e., onset timing, 

duration, and regularity) and three measures of adiposity (i.e., BMI, waist circumference, 

and WHtR) among children. For our first aim, we examined the association between two 

commonly used sleep measures in child research (i.e., sleep duration and sleep onset timing) 

and the three adiposity outcomes. While sleep onset timing was not associated with any of 

the adiposity measures, sleep duration was negatively associated with all three outcomes.

Sleep duration has been shown to be associated with BMI and waist circumference in 

a plethora of research among children (33–35) and our study corroborated those prior 

associations. Importantly, children in our study who slept longer also had lower WHtR. 

Although WHtR is not examined as often as the two other outcomes, Nam and colleagues 
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(36) similarly found a negative association between sleep duration and WHtR among South 

Korean adolescents. The link between sleep duration and weight in children could reflect 

a number of factors and the directionality is not completely understood. A review of sleep 

duration and dietary intake studies suggested that those who do not get enough sleep may 

compensate for drowsiness and fatigue throughout the day by eating high fat foods and diets 

lacking in healthy nutrients that boost energy if only temporarily (37).

Although some researchers have found associations between sleep onset timing and 

adiposity outcomes (6,8), not all made similar discoveries (38). In the current study, the 

correlation coefficients between sleep onset timing and the three adiposity measures were 

all significant and in the expected direction. This suggests when considered alone, sleep 

onset timing is associated with different weight measures among children, but once sleep 

duration is accounted for, the association is no longer significant. Thus, a later sleep onset 

may only relate to adiposity outcomes when it leads to a shorter sleep duration. Additionally, 

most prior research has focused on adults and adolescents, as research interest in sleep onset 

timing and obesity among young children is relatively recent (8). More research may be 

needed to better understand how sleep onset timing, sleep duration and child adiposity are 

interrelated.

We also examined the association between a relatively novel measure of sleep, sleep 

regularity as measured by SRI, and the three adiposity outcomes. While children with a 

higher SRI had lower adiposity measures, the associations were not significant. Although 

SRI has not been studied in children, prior research has found associations between SRI in 

BMI in adult populations (16,39). While a clear mechanism has not been established, Roane 

and colleagues argue lower sleep regularity can lead to poorer planning of health behaviors, 

such as physical activity and healthy eating, which are associated with weight outcomes 

(40). Furthermore, Bei and colleagues found sleep regularity to be associated with cortisol 

and allostatic load (an indicator of metabolic health) in a sample of adults (41), and could 

also be possible mechanisms linking sleep regularity to adiposity. While our study did not 

find a significant association between SRI and the adiposity outcomes, the direction of the 

associations corroborates prior research examining other child weight outcomes in relation 

to sleep variability measures (42,43).

Given that the associations were in the expected direction, the modest sample size of our 

study (N=144) may warrant additional investigation of the SRI/adiposity relationship.

Strengths, Limitations, and Implications/Future Directions

The strength of our study lies in objective sleep measures (i.e., actigraphy) and multiple 

child adiposity outcomes. Given that the majority of literature examining child sleep and 

obesity relies on parent- or self-report surveys (44,45), the use of objective measures in this 

study helps to advance the field by improving measurement accuracy and minimizing recall 

and social desirability biases. This is important given the possibility of slight overestimation 

or underestimation of weight and height when measured by self-report (46) and inaccuracies 

of sleep when measured with subjective surveys (47). Further, the use of continuously 

worn objective assessment of sleep and wake allows for assessing SRI, which has not 

been previously examined in relation to child adiposity. In addition, our novel sleep-wake 
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cycle detection algorithm (29) provided accurate detection of sleep-wake cycles, which in 

turn provides an accurate estimation of sleep/wake onset times, sleep duration, and SRI, 

allowing us to adopt measures that are only possible to reliably collect from actigraphy; 

hence expanding the finite limitations of self-report surveys of sleep.

This study results herein should be interpreted in the context of some limitations. First, a 

sleep diary to keep a daily record of the children’s sleep was not included in our study. 

Because of this, we were not able to assess how self-report sleep quality may have added 

to our interpretation of the results with respect to SRI and/or adiposity outcomes. A second 

limiting factor is that without a heart rate monitor or electroencephalogram sensor, sleep 

onset times extrapolated from actigraphy data are based on activity counts, which could lead 

to an overestimation of the sleep duration. Third, given that the study was cross-sectional, 

we were not able to examine any longitudinal associations, which may exist between the 

adiposity and sleep measures. Although SRI has been validated in adults, it has not been 

validated among children. As a construct, SRI may manifest differently in children. We 

did not collect data on if children were in school while they wore the Actigraph watches. 

Given that schools in North Carolina have both year-round schools and schools with summer 

breaks, we were not able to determine if students were in school or not, although we were 

able to control for the seasonal period. The sleep duration measure did not include daytime 

napping, which could underestimate the duration of sleep among young children. We also 

did not include subjective psychological variables (e.g., depression or anxiety) which may 

be associated with both sleep and adiposity outcomes; however, this may be a direction for 

future research.

There are several implications and future directions of our study. Sleep duration is clearly 

important for child health, even after including measures of sleep variability and timing. 

If children are not getting enough sleep, even if they go to bed early or consistently, they 

are more likely to have greater adiposity that may negatively affect other aspects of health 

behaviors. For example, children with obesity may be less likely to initiate physical activity 

compared to their peers without obesity (48). Higher weight gain during late childhood 

and adolescence has also been associated with psychological health problems, such as 

depression and body dissatisfaction (49). These psychological health problems may further 

exacerbate sleep problems (50), leading to additional weight gain.

Given that sleep duration was associated with the adiposity outcomes and SRI was 

marginally associated with the adiposity outcomes, both of these sleep factors may have 

an influence on child health. This finding supports the sleep health framework (51,52); 

a theoretical model that posits sleep health is multidimensional and includes components 

beyond sleep duration, such as variability and timing. Although sleep duration is important 

for child health, including multiple measures of sleep may be more predictive of health than 

just including one measure. Intervention scientists targeting the weight of children should 

consider not only sleep duration, but also sleep regularity, as targeting both duration and 

consistency of a child’s sleep and wake cycles is likely to lead to improved outcomes, rather 

than focusing on just one aspect of sleep.
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There are several future directions to consider. First, researchers may wish to replicate these 

findings in other samples. Since SRI is not well studied among children, future research 

should begin to integrate this measure more often within obesity-related studies. This would 

require researchers to collect actigraphy measures continuously over a longer period of time 

(e.g., 5 or more days). To provide support for directionality (e.g., Do sleep problems lead 

to higher WHtR or vice versa?) longitudinal studies would be warranted. Other measures 

of adiposity and additional sleep parameters could be considered in follow-up research. 

For example, Arora et al assessed objective measures of sleep duration and adiposity in 

a similar aged cohort as the one in the current study, but included measures of body 

fat percentage and fat mass (53). To further approach the multi-dimensional nature of 

sleep, future research could include sleep fragmentation or efficiency, and daytime napping. 

Although previous research has found that additional sleep over the weekend to compensate 

for short sleep during the weekdays is associated with lower childhood obesity risk (54), 

given that additional sleep during the weekend would likely lead to less sleep regularity 

(e.g., a lower SRI), future research could consider how weekend sleep compensation among 

children interacts with sleep regularity measures. Finally, to support causality, experimental 

studies that attempt to manipulate sleep duration and/or regularity and examine what effect 

this has on weight or weight-related behaviors would be needed.

Conclusions

The purpose of this study was to consider which sleep measure, out of the two common 

measures (sleep onset timing and sleep duration) and one less common measure (sleep 

regularity), is the most associated with child weight and adiposity outcomes. When 

considering sleep duration and sleep onset simultaneously, sleep duration was associated 

with all three adiposity measures. When considering sleep regularity and sleep duration 

simultaneously, the sleep regularity/adiposity associations were in the expected direction, 

but non-significant, while sleep duration was significantly associated with all three adiposity 

outcomes. The results of the current study suggest that sleep duration, even when factoring 

in sleep onset timing, significantly influences adiposity outcomes among children. While 

sleep regularity does not influence adiposity to the same extent as sleep duration, the results 

suggest sleep irregularity could be associated with adiposity in children. Future research 

examining child adiposity and sleep associations should include SRI and interventions 

targeting the sleep of children should not only consider increasing sleep duration, but also 

reducing variability in child sleep/wake patterns.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram describing the cohort for analyses
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Table 1

Summary of Demographic Variables, Season of Participation, Adiposity Outcomes and Sleep Measures 

Included in Regression Models

Variable M or percentage SD Range (min, max)

Demographic Variables

Child age 7.81 1.93 (4, 13)

White children 32.6%

Black children 62.5%

Hispanic/other children 4.9%

Mother’s BMI (kg/m2) 32.70 9.70 (16.42, 64.30)

Season

Winter 20.8%

Spring 23.6%

Summer 20.1%

Fall 35.4%

Adiposity Outcomes

Child BMI Z-score 0.56 1.18 (−4.94, 2.63)

Child waist circumference (cm) 67.18 12.03 (45.90, 104.00)

Child waist-to-height ratio (cm) .51 .06 (.39, .72)

Sleep Measures

Sleep Onset Time 10:11PM 1h 15min (7:46PM, 3:08AM)

Sleep duration 9h 20min 50min 23sec (7h 2min, 11h 58min)

SRI .90 .05 (.71, .98)
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