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Objective To determine whether preschool-aged children with earlier bedtimes have a lower risk for adolescent
obesity and whether this risk reduction is modified by maternal sensitivity.
Study design Data from 977 of 1364 participants in the Study of Early Child Care and Youth Development were
analyzed. Healthy singleton-births at 10 US sites in 1991 were eligible for enrollment. In 1995-1996, mothers re-
ported their preschool-aged (mean = 4.7 years) child’s typical weekday bedtime, and mother-child interaction
was observed to assess maternal sensitivity. At a mean age of 15 years, height and weight were measured and
adolescent obesity defined as a sex-specific body-mass-index-for-age $95th percentile of the US reference.
Results One-quarter of preschool-aged children had early bedtimes (8:00 p.m. or earlier), one-half had bedtimes
after 8:00 p.m. but by 9:00 p.m., and one-quarter had late bedtimes (after 9:00 p.m.). Children’s bedtimes were
similar regardless of maternal sensitivity (P = .2). The prevalence of adolescent obesity was 10%, 16%, and
23%, respectively, across early to late bedtime groups. The multivariable-adjusted relative risk (95%CI) for adoles-
cent obesity was 0.48 (0.29, 0.82) for preschoolers with early bedtimes compared with preschoolers with late bed-
times. This risk was not modified by maternal sensitivity (P = .99).
Conclusions Preschool-aged children with early weekday bedtimes were one-half as likely as children with late
bedtimes to be obese as adolescents. Bedtimes are amodifiable routine that may help to prevent obesity. (J Pediatr
2016;176:17-22).

T
he need to begin obesity prevention early, before children are overweight, is well-established,1 and health care providers
play an important role.2 Poor sleep, especially short sleep duration, is one risk factor associated with increased risk for
obesity.3-5 Numerous prospective studies have documented an association in children between short nighttime sleep

duration and obesity.6-10 Bedtimes have a greater impact on children’s sleep duration than do wake times,11,12 are more modifi-
able than wake times, and thus, are the likely behavioral target of clinicians and parents. In a prospective study of adolescents,
later bedtimes predicted increases in body mass index (BMI) in adulthood that were not explained by sleep duration.13 In a
study of younger children (3-8 years of age at baseline and followed for half a decade), later bedtimes were associated with
higher BMI and risk for overweight.11 Using data from a cohort with a longer follow-up period, we sought to extend the ev-
idence for an association between young children’s bedtimes and later obesity.

Although the routine of early bedtimes for young childrenmay reduce the risk of later obesity, the emotional climate14 in which
parents establish andmaintain this routinemay affect its impact. The combined effect of earlier bedtimes andmaternal sensitivity
has not been investigated. Our objectives are to determine: (1) whether preschool-aged children with earlier bedtimes have a
lower risk of obesity in adolescence; and (2) whether this risk reduction is modified by the level of maternal sensitivity.

Methods

The Eunice Kennedy Shriver National Institute of Child Health and Human Development Study of Early Child Care and Youth
Development (SECCYD)was a prospective cohort study designed to examine the impact of nonmaternal-care on children’s devel-
opmental outcomes. Families were recruited from 24 hospitals in 9 US states at
their child’s birth in 1991.15 Inclusion criteria werematernal age$18 years, English
fluency, no plans for adoption, singleton and term ($37 weeks’ gestation) birth,
and postbirth hospitalization #6 days.15 Each of 10 participating universities
secured institutional review board approval for all SECCYD protocols. Mothers
provided written consent. Our analyses include 977 children (72% of 1364
enrolled) who had height and weight information available during adolescence.

Height and weight were measured, without shoes and wearing only light
clothing, in a laboratory setting using a standardized protocol; height was
measured to the nearest 1/8 inch using a wall-mounted stadiometer or measuring
stick, and weight was measured to the nearest 4 ounces using a balance scale.16
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We calculated BMI (kg/m2) and defined adolescent obesity as
a sex-specific BMI-for-age $95th percentile of the US Cen-
ters for Disease Control and Prevention growth reference.17

Height and weight data were extracted from the 15-year
assessment whenever possible, but for those missing anthro-
pometric data at 15 years of age, we used height and weight
measured at the oldest age between 12.0 and 15.9 years.
Almost two-thirds of youth (62%) were measured at age
15.0-15.9 years, but 29% were 14.0-14.9 years, and 9% were
12.0-13.9 years.

During the phone follow-up to the 54-month home-visit,
mothers were asked, “What time does your child go to bed
on most weekday evenings?” The response was open-ended,
but reported bedtimes were primarily on the whole, half, or
quarter hour. We examined the distribution and created
bedtime categories based on natural break-points and to facil-
itate application of our findings. The most frequently re-
ported bedtimes were 8:00 p.m. (n = 171), 8:30 p.m.
(n = 194), and 9:00 p.m. (n = 235), but reported bedtimes
ranged from 6:45 p.m. to 1:30 a.m. Only 52 children had bed-
times before 8:00 p.m. (#7:00 p.m. = 13; 7:30 p.m. = 36; 7:45
p.m. = 3), but 220 had bedtimes after 9:00 p.m. (9:15 p.m. = 8;
9:30 p.m. = 109; between 9:31 p.m. and 10:00 p.m. = 62;
>10:00 p.m. = 41). We defined a late bedtime as after 9:00
p.m. and an early bedtime as at or before 8:00 p.m. We con-
ducted sensitivity analyses to understand the impact of our
bedtime categorization on our results; in these analyses we
divided each bedtime category into an earlier and later
segment (eg, the early bedtime category was split into “before
8:00 p.m.” and “at 8:00 p.m.”). These sensitivity analyses did
not yield meaningful differences and are not presented.

Maternal sensitivity was coded from a standardized, video-
taped, 15-20 minute, play-session conducted in a child devel-
opment laboratory during the 54-month assessment. Without
the child present, mothers were shown the contents of 3 boxes:
(1) an Etch-A-Sketch maze; (2) wooden blocks for building
towers; and (3) 6 animal puppets. Mothers were asked to
play with their child using the contents of each box in the
following order: first have their child attempt the maze, then
build as many towers as he/she could, and finally play with
the puppets. Researchers explained that the maze and
tower-building activities could be difficult for some children,
but that mothers should let their child try each activity on his/
her own as much as possible before helping as needed.18 Vid-
eotapes were coded at a central location by trained coders who
were blind to other information about the family. Coders met
regularly with an investigator who ensured that consistent
rating-standards were maintained.18 Maternal sensitivity was
computed as the sum of three 7-point ratings of observed
maternal behavior toward the child: supportive presence,
respect for autonomy, and hostility (reverse coded).18

Maternal sensitivity scores were skewed toward high values;
we defined low maternal sensitivity as the lowest quartile
(scores #15), consistent with previous reports.14

Mothers reported their own educational attainment, as
well as their child’s sex and racial-ethnic group at study
enrollment. Children’s birth weights were recorded from

birth certificates. Mothers reported household size and in-
come when the child was preschool-aged, and we calculated
the household income-to-poverty ratio. When the children
were 15-years-old, mothers self-reported their own current
height and weight, which we used to assess maternal obesity
(BMI $30 kg/m2).

Statistical Analyses
We restricted our analyses to participants with information
available on our outcome variable—adolescent obesity. In
the resulting sample (n = 977), there were missing data on
4 analytic variables: income-to-poverty ratio (n = 65, 7%),
bedtime (n = 78, 8%), maternal sensitivity (n = 82, 8%),
and maternal obesity (n = 89, 9%). These missing data
were multiply imputed using fully conditional specifica-
tion.19 Logistic regression and ordinal logistic regression
were employed to impute, respectively, the binary and
ordinal variables. Imputation models included all analytic
variables, as well additional variables chosen for their associ-
ation with the outcome or predictors. Ten imputations were
performed, and all analyses involving imputed variables were
aggregated using multiple imputation combining rules to ac-
count for imputation uncertainty.20 We also performed a
complete-case-analysis (n = 810), and our conclusions were
robust to this sensitivity test.
We used c2 tests to assess how children in the analytic sam-

ple (n = 977) differed from children who were excluded
because they lacked information on adolescent BMI
(n = 387). Associations between adolescent obesity, late
bedtime, and sociodemographic characteristics were assessed
using logistic regression. We used log-binomial regression
and Poisson regression with robust variance21 to estimate
the relative risk (RR) and 95% CIs for adolescent obesity
associated with bedtime at preschool age. Bedtime was
modeled as a categorical variable with the latest bedtime cate-
gory as the reference group. We examined the interaction be-
tween maternal sensitivity (low or adequate) and bedtime
category to assess whether maternal sensitivity modified the
relationship between preschool bedtime and risk for adoles-
cent obesity. Using this model with adjustment for adolescent
age, sex, racial/ethnic group, birth weight, maternal educa-
tion, and maternal obesity, we estimated the covariate-
adjusted prevalence of adolescent obesity in each of the 6
bedtime by maternal sensitivity groups. There was no evi-
dence of an interaction between bedtime and maternal sensi-
tivity, and thus, for parsimony, we present the RR (95% CIs)
for adolescent obesity omitting this interaction term. Ana-
lyses were conducted using SAS Version 9.3 (SAS Institute,
Cary, North Carolina).

Results

Children excluded from the analytic sample were more likely
to be male and have less-educated mothers, but did not
significantly differ in birth weight, race/ethnicity, or house-
hold income-to-poverty ratio (results not shown). Table I
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