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Sleep Duration, Sleep Regularity, Body Weight, and

Metabolic Homeostasis in School-aged Children

WHAT’S KNOWN ON THIS SUBJECT: Associations between short

sleep duration, obesity, and metabolic dysfunction have been

proposed for children but have not been explored appropriately.

WHAT THIS STUDY ADDS: The main findings included a nonlinear

trend between sleep duration and body weight and the finding

that children’s sleep averaged 8 hours per night regardless of

body weight. Lower sleep duration values were strongly

associated with increased metabolic risk.

abstract +

OBJECTIVE: The goal was to explore the effects of duration and regu-

larity of sleep schedules on BMI and the impact onmetabolic regulation

in children.

METHODS: Sleep patterns of 308 community-recruited children 4 to 10

years of age were assessed with wrist actigraphs for 1 week in a

cross-sectional study, along with BMI assessment. Fasting morning

plasma levels of glucose, insulin, lipids, and high-sensitivity C-reactive

protein also were measured for a subsample.

RESULTS: Children slept 8 hours per night, on average, regardless of

their weight categorization. A nonlinear trend between sleep and

weight emerged. For obese children, sleep duration was shorter and

showedmore variability on weekends, compared with school days. For

overweight children, a mixed sleep pattern emerged. The presence of

high variance in sleep duration or short sleep duration wasmore likely

associated with altered insulin, low-density lipoprotein, and high-

sensitivity C-reactive protein plasma levels. Children whose sleep pat-

terns were at the lower end of sleep duration, particularly in the pres-

ence of irregular sleep schedules, exhibited the greatest health risk.

CONCLUSIONS: Obese children were less likely to experience “catch-

up” sleep on weekends, and the combination of shorter sleep duration

and more-variable sleep patterns was associated with adverse meta-

bolic outcomes. Educational campaigns, aimed at families, regarding

longer and more-regular sleep may promote decreases in obesity

rates and may improve metabolic dysfunction trends in school-aged

children. Pediatrics 2011;127:e345–e352
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Sleep duration has increasingly gained

perceived importance as it relates to

health outcomes such as cognitive and

emotional functions and body weight.

Sleep duration is determined by multi-

ple factors, some of which (such as

seasonality) may be difficult to con-

trol,1 whereas others are embedded

within a familial or societal context

and can be modified. The latter include

bedtime, sleep time (shortened or

fragmented), rising time, adjustment

of sleep phase to underlying circadian

rhythms, and external mandatory

schedules (eg, school days versus

weekend days). A recent shift from

consistent patterns of sleep through-

out the week and on weekends to

sleeping patterns in which children ex-

tend sleep duration on weekends or

holidays has been noted and possibly

reflects concurrent changes in soci-

etal lifestyles.2,3

Societies have evolved with a more in-

tense and demanding pace of life,4

which leads to substantial reductions

in sleep duration, even for children.5,6

Concomitant with reductions in sleep

duration, an increasing surge in the

prevalence of obesity that starts in

early childhood has emerged,7,8 which

suggests the existence of an associa-

tion between sleep duration and obesi-

ty.8 Overweight and obese children

seem to have shorter sleep or more-

disrupted sleep, and children who

slept 8 to 10 hours per night were 3.45

to 4.9 times more likely to be over-

weight than children who sleep

more.9–11 In addition, the effects of

lifestyle-modified sleep, such as week-

end and/or holiday sleep compensa-

tion leading to improvements in the

risk of childhood weight problems,

were reported recently.12 Inadequate

sleep may mediate changes in the lev-

els of some of the neuropeptides that

regulate appetite, such as increased

levels of ghrelin and reduced levels of

leptin, leading to increased food intake

and obesity.13 For children, the poten-

tial association between sleep dura-

tion and obesity has not been explored

extensively; more importantly, assess-

ments have relied primarily on subjec-

tive estimates of sleep duration.1,14–16

Furthermore, the effects of sleep

schedule regularity on BMI and the im-

pact of specific sleep patterns on met-

abolic regulation in children are not

known.

We hypothesized that “optimal sleep”

would be protective against the occur-

rence of overweight/obesity in chil-

dren, with favorable glycemic and lipid

levels and lower plasma levels of in-

flammatory markers, such as high-

sensitivity C-reactive protein (CRP). We

recruited a large, community-based,

pediatric cohort, in which we assessed

sleep duration and sleep patterns ob-

jectively and also measured metabolic

indicators.

METHODS

Subjects

Children were recruited from the com-

munity through the Jefferson County

Public School system and represented,

in terms of socioeconomic status and

race/ethnicity, the general population

of the city of Louisville, Kentucky. Chil-

dren were excluded if they had any

chronic medical conditions, genetic

craniofacial syndromes, or neurobehav-

ioral disorders. This current study was

approved by the University of Louisville

human research committee, and in-

formed consent was obtained from the

legal caregiver of each participant.

Measurements

Anthropometric Measurements

Children were weighed (to 0.1 kg) with

a calibrated scale, and height was

measured (to 0.1 cm) with a stadiom-

eter (Holtain, Crymych, United King-

dom). BMI values were calculated, and

BMI z scores were computed by using

Centers for Disease Control and Pre-

vention 2000 growth standards and

software (Epi Info [Centers for Disease

Control and Prevention, Atlanta, GA]).

BMI z scores of�1.65 were considered

to fulfill the criterion for obesity,

whereas BMI z scores of �1.04 were

defined as overweight.

Actigraphic Measurements

The Actiwatch 3.4 (MiniMitter Actiwatch-

64, Resperonics, Bend, OR) measures

28 � 27 � 10 mm and weighs 17.5 g.

For this actigraph brand, epoch regis-

tration of activity counts is determined

through comparison, that is, counts

for the epoch in question and those im-

mediately surrounding that epoch are

weighted with a threshold sensitivity

value (activity count), which was origi-

nally set at 40 (default value, being

medium sensitivity), as follows:

score � E
�2(1/25) � E

�1(1/5) �

E0� E�1(1/5)� E�2(1/25), with En be-

ing activity counts for the epoch and E0
the scored epoch.

Epochs with activity counts that were

equal to or below the threshold sensi-

tivity value were scored as sleep,

whereas epochs with counts that ex-

ceeded the threshold sensitivity value

were scored as awake. The actigraphic

sleep interval was marked manually

for each record on the basis of the

sleep log bedtime and rising time. The

actigraphic parameter of interest was

total sleep time (TST), representing the

amount of time between sleep start

and sleep end scored as sleep. Sleep

start and sleep end were determined

automatically as the first and last 10-

minute periods, respectively, in which

no more than 1 epoch was scored as

mobile. The actigraphy algorithm en-

abled summation of the number of ep-

ochs that did not exceed the threshold

sensitivity value; therefore, it provided

individual TST values for each night of

recording. Each child wore an acti-

graphic device on his or her nondomi-

nant wrist for a period of 1 week. Acti-
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graphic recordings are considered a

valid means of sleep assessment with

respect to sleep-wake patterns.17,18

Blood Tests

For a random subsample of children,

the following metabolic markers were

measured after an overnight fast: glu-

cose, insulin, triglycerides, total cho-

lesterol, high-density lipoprotein (HDL)

cholesterol, low-density lipoprotein

(LDL) cholesterol, and high-sensitivity

CRP. Serum insulin levels were mea-

sured by using a commercially avail-

able radioimmunoassay kit (Coat-A-

Count Insulin [Diagnostic Products

Corp, Los Angeles, CA]). Plasma glu-

cose levels were measured by using

a commercial kit based on the

hexokinase-glucose-6-phosphate dehy-

drogenase method (Flex reagent car-

tridges [Dade Behring, Newark, DE]).

Serum lipid levels, including total

cholesterol, HDL cholesterol, calcu-

lated LDL cholesterol, and triglycer-

ide levels, were assessed by using

Flex reagent cartridges (Dade Be-

hring). Serum high-sensitivity CRP

concentrations were measured within

2 to 3 hours by using Flex reagent car-

tridges (Dade Behring).

Statistical Analyses

Mean TST for 7 consecutive days, mean

TST for Sunday through Thursday (ie,

school days), and mean TST for Friday

and Saturday (ie, weekend days) were

calculated. Results are reported as

means � SDs. Box-plots were gener-

ated for illustration of sleep patterns.

The potential dispersion of data points

around the mean was expressed as

the coefficient of variation or as indi-

vidual sleep variability (SV) (ie, per-

centage SV relative to the mean TST).

Sleep duration trends were calculated

as the “moving average,” with the aver-

age TST for 1 week being the baseline

TST from which daily average changes

were derived. Correlational analyses

assessed the strength of potential re-

lationships between sleep-related

variables and BMI z scores and plasma

assay results. All analyses were per-

formed with Statistica 9.0 (Statsoft,

Tulsa, OK).

RESULTS

In the first round of analyses, we ana-

lyzed the weight-sleep-biomarker in-

terrelationships from a weight per-

spective. The median respiratory

disturbance index (RDI) was 0.7 (inter-

quartile range: 0.38–1.4), and values

were significantly higher for obese

children (normal weight, 0.9 � 1.9;

overweight, 0.8� 1.3; obese, 2.4� 4.5;

F2,244� 6.2; P� .003). The groupswere

comparable in their distribution ac-

cording to gender and race/ethnicity,

but the obese group was slightly older;

therefore, when applicable, the subse-

quent analyses included age as a co-

variate (Table 1).

TST fluctuated around 8 hours, irre-

spective of school day or weekend

day. However, substantial variability

emerged in TST (Supplemental Table 5

and Fig 1). Among normal-weight, over-

weight, and obese groups, compari-

sons of daily TST values showed no

significant differences either for week-

days or for weekends (Supplemental

Table 5). However, analysis of SV val-

ues within BMI z score-defined groups

revealed that, for obese children, TST

on weekends was more variable than

that on school days (t195 � 2.4; P �

.016), compared with children with

normal BMI z scores (t296 � �1.30;

P� .20) or overweight children (t102�

0.68; P� .49), for whom sleep duration

on school days versus weekends was

rather stable (Supplemental Table 5).

Daily TST comparisons across the 3

BMI z score-defined groups revealed

no significant differences, but TST on

weekend days was shorter for the

obese children (analysis of covari-

ance, P� .03) (Fig 1 and Supplemental

Table 5).

A moving average plot depicting the

trend characteristics of sleep duration

(or SV) for each of the 3 weight groups

is shown in Fig 2. Normal-weight chil-

dren displayed rather regular sleep

duration during the week, with a ten-

dency for longer sleep on weekends. In

contrast, although sleep duration

seemed regular on school days for

obese children, sleep duration became

increasingly shorter as the week pro-

gressed, reaching maximal differ-

ences on the weekend. For overweight

children, a mixed pattern emerged;

these children slept longer as the

week progressed and further pro-

longed their sleep over the weekend. A

TABLE 1 Age, Gender, and Race/Ethnicity Distributions Among Normal-Weight, Overweight, and Obese Children

Total Normal-Weight Overweight Obese Test

Statistic

P

Age, mean� SD, y 7.2� 1.3 6.88� 1.2 6.99� 1.3 7.74� 1.3 F2,307� 14.9 .000001

Female, % 51 24.4 9.42 17.21 �2
2� 0.9 .645

Race/ethnicity, % (n) �2
4� 4 .406

Non-Hispanic white 71.4 (220) 36.7 (113) 13.3 (41) 21.4 (66)

Black 18.8 (58) 9.1 (28) 2 (6) 7.8 (24)

Other 9.7 (30) 4.6 (14) 2 (6) 3.3 (10)

BMI z score 0.07� 0.7 (N� 155) 1.37� 0.17 (N� 53) 2.33� 0.38 (N� 100)

The age range was 4.1 to 10.1 years (95% confidence interval: 7.0–7.3 years); 15.6% of subjects were�6 years of age.

ARTICLES

PEDIATRICS Volume 127, Number 2, February 2011 e347

pediatrics.aappublications.org/


group-day effect (F14,2135 � 2.07; P �

.01) was found, in which Friday night

was the turning point (F2,304� 3.7; P�

.03), with the overweight and obese

children being radically different from

each other (Fig 2). Table 2 shows the

mean levels of the metabolic markers

for the normal-weight, overweight, and

obese groups.

BMI z scores were not partially cor-

related (age as covariate) with sleep

duration for normal-weight or obese

children, but a significant associa-

tion occurred for overweight chil-

dren (school days: r � 0.31; P � .05;

weekend days: r � 0.29; P � .05)

(Supplemental Table 6).

Metabolic marker levels were partially

correlated (age as covariate) with

sleep duration for the normal-weight,

overweight, and obese groups. For

obese children, the variability in sleep

duration on school days was positively

correlatedwith triglyceride levels (r�

0.31; P� .05), with no other significant

associations being found (Supplemen-

tal Table 7).

In a second round of analyses, we ana-

lyzed the weight-sleep-biomarker level

interrelationships from a sleep per-

spective. All children were regrouped

on the basis of their sleep patterns af-

ter we standardized TST with adjust-

ment for age (ie, created TST z scores

for our sample), thus controlling for

potential age fluctuations, to deter-

mine a cutoff value for TST at which

health is at risk (eg, analogous to a BMI

z score). We used 3 cutoff values that

is, 1 SD, 1.5 SDs, and 2 SDs above and

below the mean sleep duration for

weekdays and weekends. Accordingly,

9 sleep pattern groups could be de-

fined (Supplemental Fig 3 and Supple-

mental Table 9).

Gender distributions over the sleep

pattern groups were equal, irrespec-

tive of the 3 cutoff approaches. Age dif-

ferences were found between the NS

and NN groups with the 1-SD cutoff

value, with the latter being younger

(F8,297� 2.1; P� .04), and between the

NS and LN groupswith the 1.5-SD cutoff

value, with the latter being younger

(F6,299 � 2.9; P � .01) (Supplemental

Table 8). Furthermore, with respect to

race/ethnicity distribution, there was

a trend toward significantly more

black children in the SS and LS groups

with the 1-SD (�16
2 � 32.7; P � .008)

and 1.5-SD (�12
2 � 21.4; P� .04) cutoff

values. RDI values were not different

among sleep profile groups (Supple-

mental Table 8). No statistical differ-

FIGURE 1
Mean TSTs for normal-weight, overweight, and obese children. *P� .05.

FIGURE 2
One-week trends of sleep durations for normal-weight, overweight, and obese children. *P� .05.
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ences among sleep pattern groups

were found in BMI z scores (Supple-

mental Table 8), with similar variances

in BMI z scores occurring for the sleep

pattern groups. Finally, to illustrate

further the interactions between BMI z

scores, sleep duration on school days

andweekend days, and the effect of SV,

a surface plot that depicts the complex

interrelationships between BMI z

scores and sleep patterns was con-

structed (Fig 4).

Close inspection of the metabolic vari-

ables in the context of the 9 sleep sub-

groups, asdefinedabove, suggested that

optimal sleep was best represented by

the LLgroup.With this latter groupas the

reference, LN, SN, and SS groups demon-

strated significant associations with in-

sulin, LDL, and CRP levels (Table 3).

On the basis of the observation that

BMI z scores and metabolic marker

levels were not associated in the LL

group, this group was defined as the

reference group (Table 4). BMI z

scores were moderately correlated

with metabolic marker levels in the NN

group, irrespective of the SD cutoff val-

ues used. Similarly, BMI z scores was

significantly associated with CRP lev-

els and insulin levels in the SN and SS

groups (Table 4).

DISCUSSION

The study shows that community chil-

dren 4 to 10 years of age routinely

sleep �8 hours per night, markedly

below the current recommendations.19

Furthermore, themean objective dura-

tions of sleep for normal-weight, over-

weight, and obese children did not

differ significantly. However, the varia-

tion in sleep duration on school days

and weekends was significantly differ-

ent for obese children, and shorter

sleep duration on weekends was more

commonly found among obese chil-

dren. Finally, although obesity is

clearly a risk factor for metabolic dys-

function,20,21 a high variance in night-

to-night sleep duration or short sleep

duration was more likely to be associ-

ated with altered metabolic marker

levels. In other words, the longer and

more-stable sleep duration is, the less

likely a child is to manifest metabolic

dysfunction.

Some study limitations need to be ad-

dressed. Sleep duration measure-

ments were performed by using actig-

raphy for 1 week, representing a

typical school week, and BMI z scores

represented single measurements.

Therefore, longitudinal measurements

over longer periods of time that in-

clude holidays and vacations might re-

veal a more-accurate predictive pat-

tern that might improve some of the

associations identified in this study. In

addition, only BMI values and no other

TABLE 2 Metabolic Marker Levels Among Normal-Weight, Overweight, and Obese Children

Level, Mean� SD F2,106 P

Normal-Weight Overweight Obese

Glucose 75.9� 16.4 78.9� 16.8 83.7� 13.0 2.7 .07

Insulin 4.5� 3.4 6.4� 5.3 11.5� 7.3 16.7 .000001a

Triglycerides 67.9� 40.7 80.3� 33.1 85.7� 37.7 7.0 .002a

Total cholesterol 157.2� 25.2 168.3� 31.1 161.6� 28 2.6 .08

HDL 53.4� 10.7 50.5� 10.1 47.4� 9.7 3.0 .05

LDL 90.3� 21.9 101.7� 24.2 97.0� 23.5 3.8 .02a

CRP 1.3� 1.3 1.1� 1.4 3.9� 4.9 7.4 .001a

The characteristics of the subsample (N� 132) of children who agreed to have a blood sample drawn were similar to those

of the childrenwho refused andwere as follows: 45.5% female, 66.7% non-Hispanic white, 19.7% black, 13.6% other race; age

(mean � SD): 7.7 � 1.2 years (95% confidence interval: 7.5–7.9 years); BMI z score: 1.2 � 1.3 (95% confidence interval:

1–1.4); RDI: 2.1� 4 (95% confidence interval: 1.4–2.8); weekly TST: 467� 48 minutes; TST on weekdays: 470� 51 minutes;

TST on weekend days: 463� 68 minutes.
a Significant P value.

FIGURE 3
Surface plot depicting interrelationships between BMI z scores, SV values, and TST values for 308

community children.
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body fat distribution measurements

(ie, visceral and subcutaneous fat

amounts) were obtained. Further-

more, the sample was predominantly

white non-Hispanic, and inferences

with respect to other racial/ethnic

groups are not possible. Lastly, al-

though there were no apparent differ-

ences between children for whommet-

abolic marker measurements were

obtained versus not obtained, only

36.6% of the children had blood sam-

ples drawn.

Considering the reported trends indi-

cating that children sleep progres-

sively less,22 an alarming aspect is

that, when children are given the op-

portunity to sleep they tend to sleep

more, as observed on weekends and

holidays, and such compensatory

sleep seems to mitigate some of the

adverse effects of weekday sleep pat-

terns.10,12 These observations prompt

questions regarding the interrelation-

ships of lifestyle-modified sleep and

the obesity epidemic. Many studies

have relied on parental reports, which

generally overestimate children’s

sleep.16–18 In reviews of longitudinal

and cross-sectional studies that exam-

ined the association between sleep du-

ration and obesity in children,14,15,23,24

the scarcity of objective sleep mea-

surements in pediatric populations is

apparent. Only 2 studies used acti-

graphic sleepmeasurements, and they

limited their recordings to 24 hours.1,25

On the basis of our 24-hour/7-day re-

cording approach, we show that, in ad-

dition to sleep duration, SV needs to be

incorporated into analyses of sleep-

body weight relationships. The com-

plexity of these relationships is best il-

lustrated in Fig 3, which corroborates

the “variable consistency in existing

data”14 and addresses whether SV is a

risk factor for obesity.14 The scarcity of

longitudinal studies and the disparity

in age ranges across studies and

within studies compound the ex-

isting limitations of current knowl-

edge.5,7,12,13,19,20 Cappuccio et al24 ad-

dressed the potential confounders in

existing studies (eg, gender propor-

tions, sample size, and sampling) but

applied a very different cutoff value for

defining short sleep for children, com-

pared with Chen et al,16 that is, �10

hours per night, which is at odds with

current findings in a representative

pediatric US population. The heteroge-

neity of the relationship between sleep

duration and obesity reported in the

various published studies is remark-

able, from an absence of any associa-

tion to a negative linear trend or an

n-shaped relationship. Such discrep-

ancies might simply reflect sampling

bias or overcontrolling for certain

variables. Several studies indicated

that sleep duration and body weight

are determined by a multitude of fac-

tors, such as sociodemographic, so-

cioeconomic, familial (eg, family struc-

ture and overweight parent), and

individual (eg, health behavior and

health status) characteristics.5,26–28

Therefore, we should incorporate bi-

ases, confounders, and covariates in the

interpretation of small variances.29,30 In

addition, for a full understanding of

sleep duration-body weight relation-

ships, the entire body weight spectrum

TABLE 3 Correlations Between Mean Weekly Sleep Duration and Metabolic Marker Levels for 9

Sleep Pattern Subgroups

Subgroup Correlation With TSTs

Glucose

Level

Insulin

Level

Triglyceride

Level

Cholesterol

Level

HDL Level LDL Level CRP Level

1 SD

SS 0.08 �0.43 �0.19 �0.26 0.25 �0.44 �0.63a

SN 0.33 0.12 �0.18 �0.60a �0.06 �0.61a 0.25

SL — — 0.96 0.97 0.41 0.87 —

NS �0.33 �0.44 �0.36 �0.03 �0.03 0.08 �0.43

NN 0.38b �0.05 �0.003 �0.06 �0.02 �0.06 �0.02

NL 0.09 0.31 �0.48 0.05 0.22 0.09 0.17

LS — — — — — — —

LN 0.64 0.71a 0.23 �0.27 0.04 �0.40 0.82b

LL 0.19 — 0.60 0.64 �0.11 �0.23 �0.05

1.5 SDs

SS �0.14 �0.38 �0.03 0.07 0.29 �0.09 �0.48

SN 0.12 �0.03 �0.24 �0.36 0.26 �0.44 0.50

NS �0.03 �0.12 �0.73a �0.13 �0.34 0.30 �0.06

NN 0.11 0.04 �0.05 0.09 �0.04 0.14 0.002

NL 0.89 0.55 0.23 0.92a 0.62 0.81 0.03

LN 0.76 0.96a 0.77 �0.30 �0.90 �0.52 0.99a

LL 0.19 — 0.60 0.64 �0.11 �0.29 �0.05

2 SDs

SN �0.41 �0.16 �0.16 �0.28 0.17 �0.31 0.61

NS �0.04 �0.45 �0.18 0.61 0.77 0.59 �0.67

NN 0.10 �0.04 0.005 0.15 0.07 0.15 �0.01

NL — — — — — — —

SS indicates short sleep duration on schooldays and short sleep duration on weekend days (ie, consistently short

sleepers); SN, short sleep duration on schooldays and normal sleep duration on weekend days (with normal being the

standard of the community sample); SL, short sleep duration on schooldays and long sleep duration on weekend days;

NS, normal sleep duration on schooldays and short sleep duration on weekend days; NN, normal sleep duration on

schooldays and normal sleep duration on weekend days (ie, consistently normal sleepers); NL, normal sleep duration

on schooldays and long sleep duration on weekend days; LS, long sleep duration on schooldays and short sleep

duration on weekend days; LN, long sleep duration on schooldays and normal sleep duration on weekend days; LL, long

sleep duration on schooldays and long sleep duration on weekend days (ie, consistently long sleepers). For illustra-

tion purposes, sleep duration for the SS group was�6.5 hours, that for the NN group was�8 hours, and that for the

LL group was �9.5 hours (Supplemental Tables 8 and 9). — indicates insufficient cases.
a Significant at P� .05.
b Significant at P� .01.
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shouldbe included, even failure to thrive.

We have analyzed the same sample from

2 perspectives, that is, on the basis of

weight and sleep, and have expressed

this interrelationship inametric fashion,

as well as associating it with metabolic

homeostasis.

Regardless of previous limitations, the

association of sleep duration with BMI

among children putatively showed

�1.5 to 2-fold increases (odds ratio:

1.15–11) in the odds of being a short

sleeper if the child was obese,16,24,31,32 a

trend that we confirmed (Fig 3). Simi-

lar to the results reported by Wing et

al,12 the compensatory effect of longer

sleep on weekends may partially ame-

liorate the risk of childhood over-

weight/obesity and overall may benefit

health. Among our subgroups, there

was an �1.5-hour difference in sleep

duration between the NN and LL

groups, and the BMI z score distribu-

tions agreed closely with the findings

reported by Chen et al,16 who sug-

gested a 9% decrease in the risk of in-

creased body weight through sleep

prolongation by 1 hour per night. On

the basis of the global differences be-

tween obese, overweight, and normal-

weight groups (Fig 2), a sleep exten-

sion of even �30 minutes per night

might have such desirable effects on

BMI and metabolic regulation and

would be more likely to be imple-

mented consistently in a family setting,

as shown by Sadeh et al.33 Our results

on sleep distribution patterns corrob-

orate those of Touchette et al,34 who

showed that sleep patterns and sleep

durations seemed to be preserved

consistently across long periods of

time during childhood and that the ef-

fects on BMI z scores and metabolic

marker levels of the adversely associ-

ated sleep patterns identified in the

present study might be sustained for

many years andmight become difficult

to reverse if interventions are not im-

plemented early in life.

Although information on sleep dura-

tion is lacking, a longitudinal trend in

obesity has been identified, with ap-

proximately 1 in 3 obese preschool-

aged children and approximately 1 in 2

obese school-aged children becoming

obese adults.7,35 Therefore, identifica-

tion of children at risk during infancy

and early childhood and implementa-

tion of prospective interventions aim-

ing to prolong and to regularize sleep

for such children should provide

more-definitive answers regarding the

role of sleep in the context of BMI reg-

ulation and metabolic homeostasis. In-

deed, sleep patterns at the lower end

of sleep duration, particularly in the

presence of irregularity, were strongly

associated with increased health risk,

as evidenced by increased BMI z

scores and adverse changes in fasting

insulin, LDL cholesterol, and CRP

plasma concentrations. Irregular, un-

stable, and inadequately short sleep

durations may potentially trigger in-

flammatory pathways and exert ad-

verse effects on insulin sensitivity and

lipids in the presence of obesity.

CONCLUSIONS

Community children in the United

States exhibited much shorter objec-

tive sleep durations than previously

anticipated. Although obese children

did not display radically different total

weekly sleep durations, compared

with their normal-weight counter-

parts, analyses of SV throughout the

TABLE 4 Correlations Between Metabolic Marker Levels and BMI z Scores for 9 Sleep Pattern

Subgroups

Subgroup Correlation With BMI z Scores

Glucose

Level

Insulin

Level

Triglyceride

Level

Cholesterol

Level

HDL Level LDL Level CRP Level

1 SD

SS 0.33 0.52 0.37 0.23 �0.55 0.38 0.70a

SN 0.41 0.85a 0.15 0.16 �0.18 0.20 0.54

SL — — 0.99 0.92 0.52 0.79 —

NS 0.23 0.46 0.02 �0.14 �0.20 �0.06 0.49

NN 0.14 0.52b 0.34c 0.20 �0.17 0.25 0.35c

NL �0.01 0.51 0.19 �0.18 �0.78a 0.09 0.49

LS — — — — — — —

LN 0.61 0.58 0.58 �0.41 �0.57 �0.55 0.55

LL �0.71 — �0.95 �0.10 0.65 0.78 �0.52

1.5 SDs

SS 0.53 0.62 0.45 0.32 �0.77c 0.60 0.76c

SN 0.19 0.76a 0.53 0.42 �0.01 0.37 0.69c

NS 0.47 0.37 0.05 0.47 0.14 0.54 0.41

NN 0.10 0.53b 0.24c 0.08 �0.24c 0.14 0.35a

NL �0.45 0.09 0.53 �0.61 �0.80 �0.67 �0.41

LN 0.99c 0.59 0.73 �0.53 �0.87 �0.74 0.82

LL �0.71 — �0.95 �0.10 0.65 0.78 �0.52

2 SDs

SN �0.03 0.71 0.79 0.55 �0.08 0.46 0.24

NS 0.38 0.49 �0.10 �0.36 �0.40 �0.19 0.67

NN 0.18 0.50b 0.24c 0.07 �0.25a 0.13 0.36b

NL — — — — — — —

LN — — — — — — —

Insulin levels were significantly different across 4 of the subgroups only (for 2 SDs, F5,104� 3.03; P� .01; SN group, 5.5�

4.6 �U/mL; NS group, 15.4� 11.1 �U/mL; NN group, 7.7� 5.5 �U/mL; LN group, 16.5� 20.5 �U/mL) and triglyceride levels

showed similar findings (for 2 SDs, F5,104� 3.7; P� .004; SN group, 57.8� 32.3 mg/dL; NS group, 115.3� 64.2 mg/dL; NN

group, 74.2� 29.8 mg/dL; LN group, 105� 41.01 mg/dL). — indicates insufficient cases.
a Significant at P� .01.
b Significant at P� .001.
c Significant at P� .05.
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week revealed that obese children

were less likely to experience “catch-

up” sleep on weekends and the combi-

nation of shorter sleep duration and

more-variable sleep patterns was as-

sociated with adverse metabolic out-

comes. Therefore, public health cam-

paigns aiming to educate families

regarding the benefits of longer and

more-regular sleep may lead to de-

creased obesity and metabolic dys-

function trends for our children.
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