
Chronic Sleep Curtailment and Adiposity

WHAT’S KNOWN ON THIS SUBJECT: Curtailed sleep in children
has been found to be associated with increased cardiovascular
disease risk factors, including obesity. Few existing studies have
examined measures of adiposity beyond BMI or have examined
the effects of being chronically sleep curtailed.

WHAT THIS STUDY ADDS: In this cohort of children who had
research-level measures of sleep, BMI, total fat mass, and fat
mass distribution, we found that chronic sleep curtailment from
infancy to age 7 years was associated with higher overall and
central adiposity in mid-childhood.

abstract
OBJECTIVES: To examine the extent to which chronic sleep curtailment
from infancy to mid-childhood is associated with total and central
adiposity.

METHODS: We studied 1046 children participating in a prospective co-
hort study. At age 6 months and yearly from age 1 to 7 years, mothers
reported their children’s sleep duration in a usual 24-hour period. The
main exposure was a sleep curtailment score from age 6 months to 7
years. The range of the total score was 0 to 13, where 0 indicated the
maximal sleep curtailment and 13 indicated never having curtailed
sleep. Outcomes in mid-childhood were BMI z score, dual X-ray absorp-
tiometry total and trunk fat mass index (kg/m2), and waist and hip
circumferences (cm).

RESULTS: The mean (SD) sleep score was 10.2 (2.7); 4.4% scored a 0 to
4, indicating multiple exposures to sleep curtailment between age 6
months to 7 years, 12.3% scored 5 to 7, 14.1% scored 8 to 9, 28.8%
scored 10 to 11, and 40.3% scored 12 to 13. In multivariable models,
children who had a sleep score of 0 to 4 had a BMI z score that was
0.48 U (95% confidence interval, 0.13 to 0.83) higher than those who
had a sleep score of 12 to 13. We observed similar associations of
higher total and trunk fat mass index and waist and hip circumfer-
ences, and higher odds of obesity (odds ratio, 2.62; 95% confidence
interval, 0.99 to 6.97) among children who had a score of 0 to 4 vs 12
to 13.

CONCLUSIONS: Chronic sleep curtailment from infancy to school age
was associated with higher overall and central adiposity in mid-
childhood. Pediatrics 2014;133:1013–1022
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Across infancy, childhood, and adoles-
cence, evidence from multiple US and
international studies suggests a con-
sistent rapid decline in sleep duration
ranging from 30 to 60 minutes over the
last 20 years.1 Some2 but not all stud-
ies3,4 suggest that the most pro-
nounced decreases in sleep have
occurred among children younger
than 5 years of age, owing largely to
later bedtimes. Recent studies also
suggest that the quality of sleep among
young children is often compromised,5

and that pediatric sleep disturbances
often become chronic.6,7

Curtailed sleep in children, defined as
shortened sleep relative to average
sleep duration, has been found to be
associated with increased cardiovas-
cular disease risk factors such as
obesity, hypertension, and elevated
hemoglobin A1c levels. Cross-sectional
studies of older children and adults8–19

and increasingly some longitudinal
studies, including those of infants and
children younger than age 5 years,
suggest an inverse association be-
tween sleep duration and obesity and
cardiovascular disease risk factors.20–26

Few studies, however, have examined
the effects of chronic or repeated sleep
curtailment on adiposity outcomes in
children and few pediatric studies have
examined measures of adiposity be-
yond BMI. Furthermore, questions re-
main on whether there is a “critical
period” in early childhood in which
curtailed sleep is more highly associ-
ated with adverse anthropometric
outcomes as has been suggested in the
published literature.21

The purpose of this study was to ex-
amine (1) the extent to which chronic
sleepcurtailment throughout infancy to
mid-childhood is associated with obe-
sity, adiposity, and central fast mass
distribution in a cohort of US-born
children and (2) independent associa-
tions of curtailed sleep in each of 3
distinct age periods, infancy, early

childhood, and mid-childhood, to de-
termine whether there are critical
periods for the development of asso-
ciations between sleep and obesity. We
hypothesized that being chronically
sleep curtailed throughout infancy to
mid-childhood would be associated
with more adverse anthropometric in-
dices. We further hypothesized that
sleep curtailment in infancy would be
associated with adverse adiposity and
obesity outcomes at age 7 years and
that the magnitude of the associations
would decrease with age. A better un-
derstanding of the extent to which
chronic curtailed sleep in early child-
hood affects overall and central adi-
posity could help support interventions
to promote healthful sleep as part of
childhood obesity interventions.

METHODS

Subjects/Study Design

Study subjects were participants in
Project Viva, a prospective, pre-birth
cohort study that recruited women
during early pregnancy from Harvard
Vanguard Medical Associates, a multi-
specialty group practice in eastern
Massachusetts.27 Details of recruitment
and retention procedures are available
elsewhere.27 Of the 2128 women who
delivered a live infant, 1683 children
were eligible for 7-year (mid-childhood)
follow-up, of whom 1116 attended amid-
childhood in-person visit. Because our
main exposure was chronic sleep cur-
tailment from age 6 months to 7 years,
we excluded 70 participantswho 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% vs 71%)
and to have annual household incomes
exceeding $70 000 (52% vs 63%). Mean
maternal age (31.3 years vs 32.3 years),
however, was fairly similar.

After obtaining informed consent, 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, age 6.2 months), early child-
hood (median, age 3.3 years), and mid-
childhood (median, age 7.7 years).
Mothers completed mailed ques-
tionnaires at 1, 2, 4, 5, and 6 years after
birth. Institutional Review Boards of
participating institutions approved the
study protocols.

Measurements

Main Exposures

At age6monthsand yearly fromage1 to
7 years, mothers reported their chil-
dren’s sleep duration in a usual 24-hour
period. At 6 months, we asked mothers:
(1) “In the past month, on average, for
how long does your baby nap during
the morning?” (2) “In the past month,
on average, for how long does your
baby nap during the afternoon?” and
(3) “In the past month, on average, how
many hours does your baby sleep
during the night?” Response options
were in hours and minutes. At age 1
year, we asked, “In the past month,
on average, for how long does your
child sleep in a usual 24-hour period?
Please include morning naps, after-
noon naps, and nighttime sleep.” Re-
sponse options were in hours and
minutes. Between age 2 and 7 years, we
asked parents to report the number of
hours their child slept in a usual 24-
hour period on an average weekday
and weekend day in the past month.
Response categories included “,9
hours, 9 hours a day, 10 hours a day, 11
hours a day, 12 hours a day, 13 hours
a day, and 14 or more hours a day”; at
age 7 years the response option was in
hours and minutes.

The main exposure was a sleep cur-
tailment score from age 6 months to 7
years. We based the sleep score on
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mean sleep duration at each of the 8
measurement times: age 6 months and
yearly from age 1 to 7 years. Using
established thresholds from the pub-
lished literature28 of sleep durations
that are associated with an increased
risk for elevated BMI or obesity (BMI
$95th percentile) in childhood, spe-
cific sleep duration cutoffs associated
in crude analyses with increased obe-
sity risk at age 7 years in the Project
Viva cohort, and the National Sleep
Foundation age-specific sleep recom-
mendations,29 we coded sleep duration
at each time period as follows: from
age 6 months to 2 years, score was
0 for ,12 hours/day and 1 for $12
hours/day; from age 3 to 4 years, ,10
hours/day = 0, 10 to ,11 hours/day =
1, and$11 hours/day = 2; at age 5 to 7
years, ,9 hours/day = 0, 9 to ,10
hours/day = 1, and$10 hours/day = 2.
The range of the total score was 0 to 13,
where 0 indicated the maximal sleep
curtailment and 13 indicated never
having curtailed sleep.

As a secondary exposure we also ex-
amined sleep curtailment at each age
separately but collapsed into 3 age
periods, age 6 months to 2 years, 3 to 4
years, and 5 to 7 years, based on
comparable results and ease of in-
terpretation.Wedefinedcurtailed sleep
as ,12 hours/day from age 6 months
to 2 years, ,10 hours/day from age 3
to 4 years, and,9 hours/day from age
5 to 7 years.

Outcome Measures

At age 7 years, wemeasured height and
weight of children using a calibrated
stadiometer (Shorr Productions, Olney,
MD) and scale (Seca model 881, Seca
Corp, Hanover, MD). We calculated age-
and gender-specific BMI z scores by
using US national reference data.30 We
defined obesity as a BMI for age and
gender $95th percentile.30 We also
measured total and trunk fat using
dual-energy radiograph absorptiom-

etry and calculated fat mass index
(FMI, kg/m2), waist circumference (cm)
and hip circumference (cm) using
a Lefkin woven tape, and subscapular
and triceps skinfold thicknesses (SS+TR)
using Holtain calipers (Holtain LTD,
Crosswell, United Kingdom), and cal-
culated the sum (SS+TR) of the 2
thicknesses. Research assistants per-
forming all measurements followed
standardized techniques,31 and partici-
pated in in-service training to ensure
measurement validity.32

Other Measures

At enrollment, we collected information
about maternal age, education, parity,
household income, and child’s race and
ethnicity. In mid-childhood, we asked
parents to report the number of hours
their children watched television/
videos on an average weekday and
weekend day in the past month. Re-
sponse categories included, “none,,1
hour a day, 1–3 hours a day, 4–6 hours
a day, 7–9 hours a day, and 10 or more
hours a day.” Mothers also reported
their pre-pregnancy weight and height,
from which we calculated their BMIs.

Statistical Analysis

We first examined bivariate relation-
ships of child’s sleep score and cur-
tailed sleep with each covariate and
with our anthropometric outcomes. We
then used multivariable linear or lo-
gistic regression models to examine
the associations of child’s sleep score
and curtailed sleep with our anthro-
pometric outcomes with and without
the inclusion of potential confounders.
Our first model, Model 1, was adjusted
for child age and gender only. We then
additionally adjusted the multivariable
models for potential confounders in-
cluding sociodemographic variables
and maternal BMI (Model 2) and child
television viewing at mid-childhood
(Model 3).

To examine the independent effects of
curtailed sleep in each age period on
the anthropometric outcomes, we ran
separate multivariable models with
each age period (Table 3). We then also
adjusted curtailed sleep in the later
age periods for curtailed sleep in ear-
lier age periods by adding curtailment
variables at earlier ages as additional
covariates (Fig 2). The models of cur-
tailed sleep from age 3 to 4 years were
adjusted for curtailed sleep from age 6
months to 2 years; models of curtailed
sleep from age 5 to 7 years were ad-
justed for curtailed sleep from age 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 several plausi-
ble values for each missing value.33,34

We used a chained equations approach
with predictive mean matching based
on linear regressions for approxi-
mately continuous variables and
logistic or generalized logistic re-
gression for dichotomous or more
generally categorical variables. The
“completed” data set comprises the
observed data and 1 imputed value for
each missing value. We replicated this
analysis across completed data sets
and then combined them in a struc-
tured fashion that accurately reflects
the true amount of information in the
observed data (ie, without erroneously
presuming that the imputed values are
known true values) but recovering the
information in partially observed sub-
jects. We generated 50 complete data
sets35 and combined multivariable
modeling results (Proc MI ANALYZE) in
SAS version 9.3 (SAS Institute, Cary,
NC).

From thesemultiple imputation results,
we report adjusted effect estimates or
odds ratios (OR) from regressions and
95% confidence intervals (CI) for each
sleep category with the lowest risk
sleep category as the reference group.
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RESULTS

Characteristics of study participants
overall, andbysleepscore, areshown in
Table 1. Children who lived in homes
with lower household incomes and
lower maternal educational attain-
ment were more likely to have lower
sleep scores indicating more sleep
curtailment from age 6 months to 7
years (Table 1). In addition, black, His-
panic, and other race/ethnicity chil-
dren were more likely than white
children to have curtailed sleep (Ta-
ble 1). In mid-childhood, curtailed sleep
was also associated with greater
hours of television viewing (Table 1). In
bivariate analyses (Table 1), children
who had the lowest sleep score (most
curtailed sleep) had higher indices of
all of our anthropometric outcomes.

The mean (SD; range) total sleep score
from age 6 months to 7 years was 10.2
(2.7; 0–13). The score frequencies are

shown in Table 1. We collapsed scores
of 0 to 4, 5 to 7, and 8 to 9 because of
small frequencies and also of 10 to 11
and 12 to 13 because of comparable
results. In multivariable models, ad-
justed for child’s age, gender, race/
ethnicity, and television viewing; ma-
ternal age, education, pre-pregnancy
BMI, and parity; and household in-
come, children who had lower sleep
scores had higher anthropometric in-
dices (Table 2, Model 3 and Fig 1). For
example, children who had a score of
0 to 4 compared with a score of 12 to 13
had higher BMI z score (0.48 U; 95% CI,
0.13 to 0.83), sum of subscapular and
triceps skinfold thickness (4.22mm; 95%
CI, 0.72 to 7.72), total FMI (0.72 kg/m2;
95% CI, 0.02 to 1.42), trunk FMI (0.36
kg/m2; 95% CI, 0.05 to 0.67), waist cir-
cumference (3.61 cm; 95% CI, 0.74 to
6.48), hip circumference (2.78 mm; 95%
CI, 0.23 to 5.32), and a higher odds of
obesity (OR, 2.62; 95% CI, 0.99 to 6.97).

Furthermore, BMI z score was 0.05 U
(95% CI,20.07 to20.02) less for each
additional increment in the sleep
score.

Inmultivariable analyses,we found that
across all 3 age periods, children who
had themost curtailed sleephadhigher
anthropometric indices. For example,
children who had curtailed sleep from
age 6 months to 2 years had a BMI
z score that was 0.15 U (95% CI, 0.02 to
0.28) higher than the referent group
(Table 3, Model 3). Similarly, from age 3
to 4 years and from age 5 to 7 years,
children who had curtailed sleep had
a higher BMI z score than the referent
group (Table 3). We observed a similar
trend of curtailed sleep across all age
periods with overall higher anthropo-
metric outcomes, although CIs in some
cases spanned 0.

In multivariable models in which we
additionally adjusted sleep curtail-
ment in later age periods for sleep

TABLE 1 Characteristics of 1046 Children From Project Viva, Overall, and by Sleep Curtailment Score

Characteristics Sleep Curtailment Score: 0 = Maximum Curtailed Sleep to 13 = Never Curtailed Sleep

Overall 0 to 4 5 to 7 8 to 9 10 to 11 12 to 13

N = 1046 46 (4.4%) 129 (12.3%) 148 (14.1%) 302 (28.8%) 421 (40.3%)

Maternal and household Mean (SD) or %
Maternal age (y) 32.3 (0.16) 30.5 (6.8) 31.3 (7.1) 32.3 (6.9) 32.8 (5.5) 32.5 (4.5)
Maternal BMI (kg/m2) 24.6 (0.16) 27.5 (8.0) 24.9 (6.3) 25.4 (6.1) 24.6 (5.5) 23.9 (4.7)
Parity, nulliparous, % 47.9 28.0 41.9 50.7 45.0 53.0
Education, $college graduate, % 70.8 33.8 49.0 63.0 75.9 80.7
Household income .$70 000, % 63.4 25.6 43.8 52.9 66.8 74.9

Child
Girl, % 50.3 54.8 40.2 48.3 49.4 54.2
Race/ethnicity, %
White 66.3 21.0 36.9 53.7 70.3 81.8
Black 14.8 38.9 33.8 26.4 12.4 4.2
Hispanic 3.4 7.5 8.8 3.4 2.0 2.2
Other 15.5 32.6 20.5 16.5 15.4 11.8
Television viewing at age 7 y (h/d) 1.5 (1.0) 2.4 (1.4) 2 (1.3) 1.7 (1.2) 1.5 (1.0) 1.3 (0.8)

Age 7 years anthropometric outcomes
BMI z score (units) 0.37 (0.03) 1.01 (1.18) 0.58 (1.21) 0.48 (1.12) 0.35 (1.08) 0.21 (0.96)
Sum of subscapular and triceps skinfolds (mm) 19.5 (0.29) 26.3 (15.6) 21.3 (12.6) 20.6 (11.7) 19.4 (9.9) 18 (7.7)
DXA FMI (kg/m2) 4.4 (0.06) 5.6 (3.0) 4.6 (2.5) 4.5 (2.2) 4.4 (2.0) 4.1 (1.6)
DXA trunk FMI (kg/m2) 1.5 (0.03) 2 (1.4) 1.6 (1.1) 1.5 (1.0) 1.5 (0.9) 1.3 (0.7)
Waist circumference (cm) 59.7 (0.25) 64.8 (12.3) 61.5 (11.1) 60.7 (9.9) 59.7 (8.4) 58.2 (6.7)
Hip circumference (cm) 68.0 (0.23) 72.9 (10.8) 69.9 (10.0) 68.8 (8.8) 68.1 (8.2) 66.5 (6.7)

BMI category
,85th percentile 75.0 55.3 66.4 70.0 74.9 81.7
85th to 95th percentile 13.8 10.7 15.3 15.7 16.0 11.5
$95th percentile 11.1 34.0 18.3 14.2 9.1 6.8

DXA, dual-energy radiograph absorptiometry.
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curtailment in the younger age periods
(Fig 2), we observed fairly similar effect
estimates for BMI z score among those
who had curtailed sleep across all age
periods.

DISCUSSION

In this prospective cohort, chronic
sleepcurtailment throughout infancy to
mid-childhood was associated with
higher overall and central adiposity at
age 7 years. The adverse effects of sleep
curtailment on adiposity were con-
sistent across infancy, early-, and
mid-childhood, and we did not find ev-
idence for a particular critical period.
The associations between curtailed
sleep and overall and central adiposity
persisted even after adjustment for

many potential confounders of the re-
lationship between sleep and adiposity.

We first examined the association be-
tween chronic sleep curtailment and
our BMI and adiposity outcomes. A 0 to
4 value on our chronic curtailment
score indicated multiple times from
age 6 months to 7 years during which
sleep duration was suboptimal based
on published associations with obesity
or age-specific recommendations. Pre-
vious studies, such as that by Landhuis
et al,26 have used repeated sleep
measures to relate lower average
sleep duration during ages 5 to 11
years with higher odds of obesity at
age 32 years. Another study36 used re-
peated measures of time in bed from
ages 10 to 13 years to create 3 time-in-
bed trajectories: short sleepers, 10.5-

hour sleepers, and 11-hour sleepers.
Seegers et al36 found that the short-
sleeper trajectory was associated
with a higher OR for being overweight
(OR, 1.99; 95% CI, 1.67 to 2.37) and
obese (OR, 2.23; 95% CI, 2.18 to 2.27) at
13 years of age compared with the 11-
hour sleeper trajectory. Using our
sleep curtailment score, we found that
children who had more sleep curtail-
ment from age 6months to 7 yearswith
observed thresholds between 0 to 4
had higher anthropometric indices.
Given similar directional associations
of all of the anthropometric outcomes
with sleep curtailment, recent studies
that show high correlation between
several anthropometric indices,37 and
comparable clinical significance for
a range of metabolic risk factors,38,39

TABLE 2 Multivariable Associations of the Sleep Curtailment Score With Anthropometric Outcomes at Mid-Childhood

Anthropometric Outcomes
and Multivariable Modelsa

Sleep Curtailment Score: 0 = Maximum Curtailed Sleep to 13 = Never Curtailed Sleepb

0 to 4 5 to 7 8 to 9 10 to 11 12 to 13 Continuous score, 0 to 13

BMI z score Effect Estimate (95% Confidence Interval)
Model 1. Child age and gender 0.80 (0.45 to 1.14) 0.36 (0.14 to 0.58) 0.27 (0.06 to 0.47) 0.13 (20.02 to 0.29) 0.0 (ref) 20.07 (20.10 to 20.05)
Model 2. Model 1 + SES 0.53 (0.19 to 0.88) 0.25 (0.03 to 0.47) 0.14 (20.06 to 0.35) 0.09 (20.06 to 0.24) 0.0 (ref) 20.05 (20.08 to 20.02)
Model 3. Model 2 + TV 0.48 (0.13 to 0.83) 0.22 (0.00 to 0.44) 0.13 (20.08 to 0.33) 0.08 (20.07 to 0.23) 0.0 (ref) 20.05 (20.07 to 20.02)

SS+TR skinfold thickness, mm
Model 1. Child age and gender 7.57 (4.12 to 11.02) 3.15 (1.12 to 5.19) 2.21 (0.34 to 4.07) 1.17 (20.24 to 2.58) 0.0 (ref) 20.66 (20.88 to 20.44)
Model 2. Model 1 + SES 4.90 (1.42 to 8.37) 2.00 (20.05 to 4.06) 1.09 (20.77 to 2.94) 0.72 (20.63 to 2.07) 0.0 (ref) 20.43 (20.67 to 20.19)
Model 3. Model 2 + TV 4.22 (0.72 to 7.72) 1.64 (20.41 to 3.69) 0.88 (20.96 to 2.73) 0.57 (20.79 to 1.92) 0.0 (ref) 20.37 (20.60 to 20.13)

DXA total FMI, kg/m2

Model 1. Child age and gender 1.36 (0.66 to 2.05) 0.47 (0.08 to 0.87) 0.37 (0.00 to 0.74) 0.22 (20.06 to 0.51) 0.0 (ref) 20.11 (20.15 to 20.07)
Model 2. Model 1 + SES 0.88 (0.18 to 1.57) 0.28 (20.12 to 0.69) 0.18 (20.19 to 0.54) 0.15 (20.13 to 0.42) 0.0 (ref) 20.07 (20.12 to 20.02)
Model 3. Model 2 + TV 0.72 (0.02 to 1.42) 0.20 (20.20 to0.60) 0.13 (20.23 to 0.49) 0.11 (20.17 to 0.39) 0.0 (ref) 20.06 (20.10 to 20.01)

DXA trunk FMI, kg/m2

Model 1. Child age and gender 0.63 (0.32 to 0.95) 0.24 (0.06 to 0.42) 0.17 (0.00 to 0.34) 0.12 (20.01 to 0.24) 0.0 (ref) 20.05 (20.07 to 20.03)
Model 2. Model 1 + SES 0.44 (0.13 to 0.75) 0.17 (20.01 to, 0.35) 0.09 (20.07 to 0.26) 0.09 (20.04 to 0.21) 0.0 (ref) 20.04 (20.06 to 20.02)
Model 3. Model 2 + TV 0.36 (0.05 to 0.67) 0.13 (20.05 to 0.31) 0.07 (20.09 to 0.23) 0.07 (20.05 to 0.19) 0.0 (ref) 20.03 (20.05 to 20.01)

Waist circumference, cm
Model 1. Child age and gender 5.64 (2.80 to 8.49) 2.39 (0.66 to 4.12) 1.79 (0.21 to 3.36) 0.93 (20.25 to 2.11) 0.0 (ref) 20.49 (20.67 to 20.31)
Model 2. Model 1 + SES 4.19 (1.33 to 7.05) 1.97 (0.23 to 3.71) 1.11 (20.45 to 2.66) 0.68 (20.45 to 1.81) 0.0 (ref) 20.37 (20.57 to 20.18)
Model 3. Model 2 + TV 3.61 (0.74 to 6.48) 1.65 (20.08 to 3.38) 0.93 (20.62 to 2.48) 0.55 (20.58 to 1.68) 0.0 (ref) 20.32 (20.52 to 20.12)

Hip circumference, cm
Model 1. Child age and gender 5.32 (2.81 to 7.83) 2.45 (0.94 to 3.97) 1.39 (0.00 to 2.78) 1.00 (20.10 to 2.10) 0.0 (ref) 20.47 (20.63 to 20.31)
Model 2. Model 1 + SES 3.21 (0.68 to 5.73) 1.44 (20.08 to 2.95) 0.39 (20.99 to 1.77) 0.61 (20.46 to 1.68) 0.0 (ref) 20.28 (20.45 to 20.10)
Model 3. Model 2 + TV 2.78 (0.23 to 5.32) 1.21 (20.31 to 2.72) 0.26 (21.12 to 1.64) 0.51 (20.56 to 1.58) 0.0 (ref) 20.24 (20.41 to 20.06)

Obesity (BMI $95th vs
5th to 85th percentile)

OR (95% CI)

Model 1. Child age and gender 6.85 (3.01 to 15.57) 3.15 (1.65 to 6.04) 2.30 (1.17 to 4.54) 1.43 (0.77 to 2.67) 1.0 (ref) 0.82 (0.77 to 0.88)
Model 2. Model 1 + SES 3.16 (1.21 to 8.24) 2.04 (0.97 to 4.27) 1.51 (0.72 to 3.16) 1.16 (0.61 to 2.23) 1.0 (ref) 0.88 (0.81 to 0.96)
Model 3. Model 2 + TV 2.62 (0.99 to 6.97) 1.79 (0.84 to .83) 1.41 (0.68 to 2.95) 1.11 (0.57 to 2.14) 1.0 (ref) 0.90 (0.83 to 0.98)

Data are from 1046 children in Project Viva. DXA, dual-energy radiograph absorptiometry; SES, socioeconomic status; TV, television.
a Model 1 is adjusted only for child age and gender. Model 2 is additionally adjusted for maternal age, education, BMI, and parity; household income; and child race/ethnicity. Model 3 is further
adjusted for child television viewing at mid-childhood.
b The range of the total sleep score is 0 to13, where 0 indicates the maximal sleep curtailment and 13 indicates never having curtailed sleep.
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our study might suggest that in epide-
miologic studies of school-aged chil-
dren in which dual-energy radiograph
absorptiometry is not available or is
cost-prohibitive, more feasible anthro-
pometric measures such as BMI and
skinfold thicknesses are reasonable
surrogate measures.

Previous studies have suggested in-
fancy and early childhood as critical
periods for development of associa-
tions between sleep and obesity.40 In
a study of children birth to 13 years of
age,40 shorter duration of nighttime
sleep from birth to age 4 years, but not
from age 5 to 13 years, was associated
with subsequent risk for overweight
and obesity (OR, 1.80; 95% CI, 1.16 to
2.80). The authors concluded that there
is a critical window before age 5 years
when nighttime sleep may be impor-
tant for subsequent obesity status. In
contrast to this study, we did not find
evidence of a critical period of sleep
curtailment. Instead we found that

across infancy, early-, andmid-childhood,
curtailed sleep was consistently associ-
ated with adverse anthropometric out-
comes. Our findings suggest that sleep
curtailment across childhood appears to
be a developmentally important risk
factor for increased adiposity.

Among adults and more recently
amongchildrenandadolescents, several
mechanisms have been proposed re-
lating curtailed sleep and obesity, in-
cluding indirect influence on diet
through neurohormonal controls of
hunger and satiation41 as well as direct
influences on sympathetic activity, ele-
vation of cortisol and ghrelin levels,
decreases in leptin levels, and/or im-
pairing glucose tolerance.42–46 Other
studies suggest that circadian mis-
alignment can contribute to metabolic
dysfunction and adiposity.47 Molecular
circadian clocks exist in almost all tis-
sues and contribute to the coordi-
nation of gene transcription involved
in a range of metabolic processes.48

Studies show that central and periph-
eral circadian molecular clocks in-
teract to achieve appropriate internal
alignment of metabolic signaling as
well as external alignment of cellular
processes with the environment. It is
also possible that common genetic
pathways may underlie associations of
sleep, obesity, and metabolic dysfunc-
tion. Emerging evidence from genetic
studies in animals shows links between
circadian “clock” genes, sleep, and
metabolic systems.49 For example, a
loss of function mutation in the Circa-
dian Locomotor Output Cycles Kaput
(CLOCK) gene, the first mammalian cir-
cadian gene identified,50–52 has been
shown to alter circadian rhythmicity,50,53

sleep architecture, and homeostasis,54

and to result in hyperphagia, obesity,
and metabolic dysfunction in mice.55

In early childhood, insufficient sleep
might be a consequence of parental
behaviors at bedtime and during the
night56 or household routines that

FIGURE 1
Multivariable adjusted associations of the sleep curtailment score with BMI z score at mid-childhood. The range of the total sleep score is 0 to 13, where
0 indicates the maximal sleep curtailment and 13 indicates never having curtailed sleep. Models are adjusted for maternal age, education, BMI, and parity;
household income; child race/ethnicity; and child television-viewing at mid-childhood.
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might also increase risk for childhood
obesity. Anderson et al57 have found
that among US preschool-aged chil-
dren, exposure to 3 household routines
(eg, regularly eating the evening meal
as a family, obtaining adequate night-
time sleep, and having limited screen-
viewing time) was associated with an
approximately 40% lower prevalence
of obesity than those exposed to none
of these routines. Another potential
mechanism that could explain our ob-
served associations is the relationship
between sleep duration, television
viewing, and other screen-based tech-
nologies. Television viewing is a known
risk factor for childhood obesity and is
associated with short sleep duration.
For these reasons, in the current study
we adjusted for television viewing,
which confounded the relationship
between sleep and the adiposity, but
sleep was still independently associ-

ated with our anthropometric outcomes.
Other screen-based technologies such
as computers, mobile telephones, and
video gaming could also be associated
with curtailed sleep and might be up-
stream or in the intermediate pathway
in the relationship between sleep and
obesity.58

Our study had several strengths. First,
we collected longitudinal data on sleep
duration beginning in early infancy
through 7 years of age and used re-
peated measures of sleep to examine
chronic sleep curtailment. Second, we
analyzed several measures of adiposity
in children, including skinfolds, FMIs,
andcircumferencesaswell asBMI from
heights and weights. Most previous
studies used BMI as the only outcome.
Our study also had limitations. In this
cohort, 38.9%of infants age 6months to
2 years were defined as having sleep
curtailment based on a cutoff of 12

hours of sleep. Although previous
studies have also demonstrated a high
prevalence of short sleep in infancy,59

the cutoff of 12 hours may over-
estimate the number of children who
are categorized as insufficient. We
used the best available empirical evi-
dence to define thresholds of sleep
curtailment but because of biological
variation and lack of mechanistic data,
these cutoffs may not be appropriate
across large populations. Maternal
education and household income levels
were relatively high, and we had un-
derrepresentation of Hispanics in this
cohort culled from eastern Massachu-
setts. Our results may not be general-
izable to more socioeconomically
disadvantaged populations, Hispanics,
or to populations outside of Massa-
chusetts. Second, in any observational
study it is possible that unmeasured
characteristics (eg, co-sleeping, bed-
room sharing, and sleep routines)
might explain the observed associa-
tions between exposure and outcome.
Finally, we measured sleep duration by
mother’s report on the questionnaires
as opposed to using an objective
measure of sleep such as accelerom-
eters or diaries. However, the potential
misclassification of sleep duration is
likely non-differential with respect to
obesity and any resulting bias should
be toward the null.

CONCLUSIONS

Sleep curtailment from infancy to
school age was associated with higher
overall and central adiposity in mid-
childhood. Improving sleep could be
an achievable intervention for attenu-
ating obesity risk.
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FIGURE 2
Multivariable adjusted associations of sleep curtailment at each age period with BMI z score at mid-
childhood. Models of curtailed sleep in the later age periods are adjusted for curtailed sleep in earlier
age periods. The models of curtailed sleep from age 3 to 4 years were adjusted for sleep duration from
age 6 months to 2 years; models of curtailed sleep from age 5 to 7 years were adjusted for curtailed
sleep from age 6 months to 2 years and 3 to 4 years, as well as for maternal age, education, BMI, and
parity; household income; and child race/ethnicity.
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VENOM VS. VENOM: Each year seems to bring a story about new, invasive species
displacing the indigenous fauna of the United States. This year is a bit different, as
the invasive species is displacing a previously highly successful invader. As
reported in The New York Times (Science: February 13, 2014), ‘crazy ants,’ first
seen in Houston and parts of Florida a decade ago, have expanded their habitat
throughout the South. Remarkably, they have done so at the expense of the fire
ant. Crazy ants, Nylanderia fulva, are so named because of their helter-skelter
movements. They feed on the same types of food and like the same types of
ground nests as fire ants. However, unlike other ants, they have been quite
successful competing with fire ants for food. Importantly, they are also less likely
to be injured by the venom of fire ants.
Scientists have shown that crazy ants have developed a unique fire ant venom
detoxification system. In experiments, researchers recorded crazy ants demon-
stratingprolongedgroomingbehaviors followingexposure tofireant venom. They
were able to show that the crazy ant was using its own venom, formic acid, to
detoxify the fire ant venom. Almost all crazy ants that were able to excrete and
groom with their own venom survived exposure to fire ant venom. However, when
the orifice that releases formic acid from their abdomen was blocked, only half of
the crazyants survivedexposure tofireant venom.How the crazy ant venomblocks
the activity of thefire ant venom is not known, but it does not bodewell forfire ants.
The crazy ants are out-competing them on the ground and are impervious to their
venom. However, it should be noted that while the strategy of smothering oneself
with acid after a fire ant sting may work for crazy ants, it does not work well for
humans and should not be tried at home.
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