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Short sleep duration is associated with incidence of overweight and obesity in preadolescent children. The

authors performed regression analyses on data from the Quebec Longitudinal Study of Kindergarten Children
(1986-1987), a prospective cohort study comprising 1,916 preadolescent children in Canada. The aim was to
assess associations between time spent in bed and body mass index reported by mothers after adjusting for
numerous confounding factors, such as pubertal status. Time-in-bed and body mass index trajectories were
computed using a semiparametric model mixture. Time-in-bed trajectories were classified as short (15% of the
preadolescents), 10.5-hour (68%), and 11-hour (17%) sleep-duration trajectories, decreasing over time. Body
mass index trajectories were classified as normal weight (68% of the preadolescents), overweight (27%), and
obese (5%). The short sleep trajectory was associated with an increased odds ratio of being in the overweight body
mass index trajectory (odds ratio (OR) = 1.55, 95% confidence interval (Cl): 1.39, 1.71) or in the obese body mass
index trajectory (OR = 3.26, 95% ClI: 3.20, 3.29) compared with the 11-hour trajectory. One hour less of sleep per
night at 10 years of age was associated with an increased odds ratio of being overweight (OR = 1.51, 95% CI: 1.28,

1.76) or obese (OR = 2.07; 95% CI: 1.51, 2.84) at 13 years of age.

adolescent; obesity; overweight; public health; sleep

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio; SD, standard deviation; TIB, time spent in bed.

The prevalence of overweight and obesity in children and
adolescents has risen greatly worldwide in the past 2 decades.
In the United States, around 17% of children and adolescents
between 2 and 19 years of age had a body mass index (BMI,
measured as weight in kilograms divided by height in meters
squared) above the 95th percentile of the 2000 growth charts
(Centers for Disease Control and Prevention sex-specific
BMI curves for age) in 2007-2008 (1-6). Obesity is associ-
ated with short- and long-term adverse consequences, such as
diabetes or insulin resistance, sleep apnea syndrome or other
respiratory disorders, cardiovascular diseases, hypertension,
and several cancers (7-10).

The identification of modifiable risk factors for develop-
ing obesity during childhood and adolescence is key for
prevention. In a recent meta-analysis that included 12 epi-
demiologic studies from different countries, Cappuccio

621

etal. (11) found an association between short sleep duration
and obesity, with an odds ratio around 2, among 30,002
children. Conversely, long sleep duration was reported to
have beneficial effects on obesity rates (12—14).

It has been suggested that short sleep duration may lead to
obesity through different pathways (15-20). First, sleep dep-
rivation increases drowsiness and could alter thermoregulation
functions through the hypothalamic-pituitary-adrenocortical
secretion of growth hormone during slow-wave sleep, which
leads to reduced energy expenditure (15). In addition, sleep
deprivation could increase opportunities to eat and boost ap-
petite and caloric intake by increasing levels of circulating
ghrelin and decreasing levels of leptin, both of which are
implicated in appetite regulation (17, 18).

Researchers assessed the association between sleep dura-
tion and BMI in childhood in several prospective longitudinal
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studies (21-25). In these studies, sleep duration was mea-
sured between 6 months and 2 years of age (21), as an aver-
age of repeated measures between 2 and 5 years of age (22),
at 2.5 years of age (23), or between 2 and 7 years of age (24),
and BMI was measured 1.5-5 years later. Sleep duration was
analyzed for the first time longitudinally by Touchette et al.
(25). They found that short sleep duration during childhood
(from 2.5 to 6 years of age) was associated with an increased
risk of overweight or obesity at 6 years of age. Gupta et al.
(26) assessed the relation between sleep duration and BMI
(between 11 and 16 years of age) and adjusted for puberty
status. The association between sleep duration and BMI was
also reported in adulthood (27-31).

To our knowledge, no prospective longitudinal sleep
study has shown an association between sleep duration
and BMI in preadolescent children. During this develop-
mental period, the association between sleep duration and
BMI could be mediated by hormonal and socioenvironmen-
tal changes. It has been reported that pubertal status shows
marked variability among preadolescents (32, 33). It is well
known that pubertal modifications influence sleep timing
(phase delay in bedtime and waking time) and changes in
lifestyle (including time spent watching television or level
of physical activity out of school).

In the present study, we aimed to evaluate the association
between sleep duration and BMI (overweight/obesity)
among preadolescents in a prospective longitudinal study.
The objective was to evaluate longitudinally the relation
between sleep duration and BMI by using repeated mea-
sures through preadolescence (10-13 years of age), taking
into account pubertal status and lifestyle changes observed
in preadolescence. Our underlying hypothesis was that there
was an association between short sleep duration and higher
BMIL

MATERIALS AND METHODS
Setting and participants

All participants were part of the Quebec Longitudinal
Study of Kindergarten Children, a prospective longitudinal
study. A sample of 3,017 children was selected and recruited
when they were 6 years of age from the French-speaking
state schools of the province of Quebec, Canada, in 1986—
1987. The subjects were chosen randomly and proportionally
according to the 11 administrative regions of the province of
Quebec and were representative of the general population of
children entering school at 6 years of age. All families re-
ceived detailed information on the aims and procedures of the
research program and signed a consent form. The protocol
was approved by the University of Montreal ethics commit-
tee. The present study assessed the preadolescent period
between the ages of 10 and 13 years.

Measures

A sleep questionnaire and questions about both the
weights and heights of children (between the ages of 10
and 13 years) were added to the annual questionnaire ad-
ministered to mothers. In addition, preadolescents com-

pleted a questionnaire about their lifestyles and habits at
13 years of age. All variables used in the present study are
presented in Table 1.

Sleep variables. Using open-ended questions, mothers
were asked about their preadolescents’ bedtimes and wak-
ing times on weekdays at 10, 11, 12, and 13 years of age.
Sleep duration was estimated as the time spent in bed (TIB)
between bedtime and waking time. For the cross-sectional
analyses, TIB was considered as a continuous variable to
evaluate the risk associated with a 1-hour reduction in TIB.

Body mass index. BMI, the most common and noninva-
sive measure of obesity, was calculated by using the pre-
adolescents’” weights and heights that were reported by their
mothers when the children were between the ages of 10 and
13 years. The international definitions of overweight and
obesity for preadolescents were based on BMI curves as
a function of sex and age, as defined by Cole et al. (34).
The overweight and obesity statuses were used for all cross-
sectional analyses.

Confounding factors. The following sociodemographic
characteristics were taken into account in the evaluation of
the association between TIB and BMI: sex, maternal immi-
grant status, familial income (Can$ <40,000, Can$ 40,000~
60,000, or Can$ >60,000), birth weight, and maternal and
paternal educational levels. These data were obtained when
the children were 6 years of age. Pubertal status was eval-
uated by the mother using the Pubertal Development Scale
(35). Mothers rated growth spurts, body and facial hair de-
velopment, and skin and voice changes when their preado-
lescents were 11, 12, and 13 years of age, and ratings were
combined so as to yield 1 of the 5 categorical classifications:
1) prepubertal, 2) early pubertal, 3) midpubertal, 4) late
pubertal, or 5) postpubertal. The validity of the instrument
was measured by comparing the self-evaluation of preado-
lescents with the evaluation by the mothers. The correlation
coefficients varied from 0.41 to 0.79, with a median corre-
lation of 0.7. In the present study, the Spearman correlation
between the self-evaluation of preadolescents and the eval-
uation by the mothers when the children were 13 years of
age was 0.82. The self-administered questionnaire measured
lifestyle and habits at age 13 years, including items such as
time spent watching television per day (<3 hours/day vs.
more) and frequency of physical activity out of school (once
weekly or more vs. less than once weekly).

Description of samples at each age

Table 2 shows the comparisons of the sociodemographic
characteristics between all cross-sectional samples (10 years
of age, n = 1,276; 11 years of age, n = 1,849; 12 years of
age, n = 1,835; and 13 years of age, n = 957) and the initial
cohort at 6 years of age (n = 3,017). In the longitudinal
analyses, 1,916 preadolescents for whom we had data on
at least 2 out of the 4 measures of TIB and BMI were in-
cluded. The initial sample was composed of 52.8% boys,
and 4.2% of the children had an immigrant mother. About
12 years of education was reported for both parents in the
initial sample. Over the years, the sample comprised fewer
boys, fewer children with immigrant mothers (except at 13
years of age), and children with higher maternal and
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Table 1. Sociodemographic and Sleep-Related Characteristics of Preadolescents Aged 10-13 Years in the Quebec Longitudinal Study of
Kindergarten Children, 1986—-1987
10 Years of 11 Years of 12 Years of 13 Years of
Variable Age (n = 1,276) Age (n = 1,849) Age (n = 1,835) Age (n = 957)
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)
Continuous variables
Time in bed, hours 10.5 (0.5) 10.2 (0.6) 9.9 (0.6) 9.5 (0.6)
Body mass index 18.2 (3.7) 18.8 (3.5) 19.4 (3.8) 20.3 (3.6)
Categorical variables
Body mass index
category
Overweight? 244 191 351  19.0 329 179 194 203
Obese® 75 5.9 101 5.5 82 4.5 41 4.3
Pubertal status
Prepubertal 774 422 434 240 104 11.0
Early pubertal 436  23.7 475 26.3 175 18.6
Midpubertal 539 294 615 341 294 312
Late pubertal 72 3.9 243 135 303 322
Postpubertal 15 0.8 38 2.1 66 7.0
Data missing 13 30 15
Time spent watching
television daily
>3 hours/day 511 537
Data missing 6
Physical activity out
of school
<2 hours/week 282 297
Data missing 6

Abbreviation: SD, standard deviation.

@ Overweight and obesity statuses were defined by the international body mass index curves proposed by Cole et al. (34).

paternal educational levels. However, no significant differ-
ence was observed for family income or birth weight in any
cross-sectional sample compared with the initial sample.

Statistical analyses

Descriptive analyses were performed for categorical vari-
ables (sex, maternal immigrant status, familial income, pu-
bertal status, daily time spent watching television, and level
of physical activity out of school) and for continuous vari-
ables (birth weight and maternal and paternal educational
levels). For comparisons with the initial sample, chi-square
tests were used for categorical data and ¢ tests were used for
continuous data for all samples.

TIB and BMI trajectories. Distinct trajectories were iden-
tified for TIB and BMI by using the semiparametric mixture
model described by Nagin (36). For each trajectory, the
model defined its shape and the estimated proportion of
the sample it represented. Trajectory models with 2—4 tra-
jectories were computed. Selection of the optimal number of
trajectories was determined by using the model that best
fitted the data on the basis of the lowest value for the Bayes-
ian Information Criterion. Subjects for whom at least 2
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years’ worth of data were available were taken into account
in the modeling of TIB and BMI trajectories. We used pos-
terior probabilities to estimate each individual’s probability
of belonging to each trajectory, independent of a priori cut-
off points reported in the literature. The TIB and BMI tra-
jectories were computed using the PROC TRAJ procedure
in SAS, version 9.1 (SAS Institute, Inc., Cary, North
Carolina).

Cross-sectional analyses. At each age, the associations
between TIB and BMI as continuous variables were esti-
mated using linear regression. Results are presented as f
coefficients and 95% confidence intervals. Multinomial re-
gressions analyses were performed to estimate the associa-
tions between TIB and BMI categories (normal, overweight,
and obese) at each age. Results are presented as odds ratios
and 95% confidence intervals. Multinomial regression was
used to test the associations between TIB and BMI trajec-
tories after adjusting for confounding factors.

Longitudinal analyses. The association between TIB tra-
jectories and BMI at 13 years of age was analyzed by using
linear regression for continuous BMI and multinomial re-
gression for categorical BMI at 13 years of age. Regression
analyses (linear for BMI as a continuous variable and
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Table 2. Sociodemographic Characteristics for Each Sample at Ages 10, 11, 12, and 13 Years and for the Longitudinal Sample Compared With the Initial Sample at Age 6 Years in the
Quebec Longitudinal Study of Kindergarten Children, 1986-1987

Initial Sample

Variable

(n = 3,017)

Cross-Sectional Samples

10 Years of Age

(n = 1,276)

11 Years of Age
(n = 1,849)

12 Years of Age
(n = 1,835)

13 Years of Age
(n = 957)

Longitudinal Sample

(n = 1,916)

No.

Mean

% (sp)

No.

%

Mean
(SD)

Value

%

Mean P

(sD)  value NO

Mean P

% sp) Value

No.

%

Mean
(SD)

P
Value

No.

%

Mean P
(SD) Value

Categorical
variables®

Sex
Male 1,594
1423

125

Female
Maternal
immigration
status
Nonimmigrant 2,867
Data missing 24

Familial income,
Can$

<40,000
40,000-60,000
>60,000

827
432
136
Data missing 1,622

Continuous
variables®

Birth weight, g
Cohort members
Data missing

Parental
educational
level, years

Maternal
Maternal data missing
Paternal

Paternal data missing

52.8
47.2
4.2

95.8

59.3
31.0
9.7

3,282 (551)
1,021

11.71 (2.6)
102

11.9 (3.4)
345

602
674
17

1,253

545
293
100
338

47.2
52.8
1.3

98.7

58.1
31.2
10.7

3,296 (546)
224

12.0 (2.5)
37

12.2 (3.4)
148

0.001

<0.001

0.74

0.50

0.001

0.01

925
924
50

1,788

573

327
104

50.0
50.0
2.7

97.3

571
32.6
10.4

0.06
908
927
0.009 50

1,772
13
0.55

583
316
102
834

3,293 (538) 0.53
213

12.0 (2.6)
51

12.0 (3.4)
171

0.002

0.10

0.03

49.5
50.5
2.7

97.3

0.87

58.2
31.6
10.2

3,290 (558) 0.64

273

12.0 (2.6)  <0.001

12.1(34)  0.02

184

472
485
26

924

154
44
514

49.3
20.7
2.7

97.3

55.3
34.8
9.9

3,311 (538)
185

121 (2.5)
18
122 (3.1)
66

0.06

0.05

0.30

0.20

<0.001

0.02

960
956
43

1,860
13

600
340
112
864

50.1
49.9
2.3

97.7

57.0
32.3
10.7

0.07

<0.001

0.51

3,200 (553) 0.54

283

121 (2.6)
51

121 (3.4)
185

<0.001

0.001

Abbreviation: SD, standard deviation.
& Chi-square tests were used for categorical variables.
b ttests were used for continuous variables.
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multinomial for categorical BMI) were performed to eval-
uate the association between TIB at age 10 years and BMI at
age 13 years. Finally, the same approach was used to eval-
uate the association between BMI trajectories and TIB at
age 13 years and then between BMI at age 10 years and TIB
at age 13 years.

Missing data. We used a multivariate imputation ap-
proach to treat the missing data for the following confounding
factors: maternal immigrant status, familial income, birth
weight, maternal and paternal educational levels, pubertal
status, time spent watching television, and level of physical
activity out of school. All statistical tests were 2-tailed, and
the alpha level was set at P < 0.05. Analyses were performed
using the R statistical programming language, version 2.8.1
(R Development Core Team, Vienna, Austria).

RESULTS

Table 1 shows the evolution of weekday TIB decreasing
across time from a mean of 10 hours and 29 minutes (stan-
dard deviation (SD), 32 minutes) per day at 10 years of age to
9 hours and 29 minutes (SD, 37 minutes) per day at 13 years
of age. BMI increased from a mean of 18.2 (SD, 3.7) at age
10 years to 20.3 (SD, 3.6) at age 13 years. The percentage of
obese preadolescents varied from 4.3% to 5.9%, and the per-
centage of overweight/obese preadolescents varied from
17.9% to 20.3% between ages 10 and 13 years. At 13 years
of age, 53.7% of the preadolescents watched television
for >3 hours daily. In addition, 29.7% of the preadolescents
reported having <2 hours of physical activity out of school
per week. The pubertal status changed between ages 11 and
13 years (65.9% began their puberty at 11 years of age and
70.4% reported a middle, advanced, or postpubertal status at
13 years of age).

Description of trajectories. Figure 1A shows 3 trajecto-
ries of TIB for children at 10-13 years of age. The preva-
lence of study participants with a short sleep duration at 10
years of age was 14.5%, with their sleeping time decreasing
further over the years. The prevalence of children who slept
around 10.5 hours per night at 10 years of age was 68.2%,
with that amount decreasing gradually over the years. The
prevalence of children who slept about 11 hours per night at
10 years of age was 17.3%, with that amount decreasing
gradually over the years. Figure 1B presents 3 trajectories
for BMI evolution for ages 10-13 years. The most prevalent
trajectory (67.9%) represents children with a normal BMI
that increased progressively from 16.6 to 17.6 over the
years. The second most prevalent trajectory (26.7%) repre-
sents overweight children with a BMI increasing progres-
sively from 20.8 to 23.0 over the years. Finally, the third
trajectory (5.4%) represents obese children with a BMI that
varied from 26.2 to 27.0 over the years.

Cross-sectional analyses

Associations between TIB and BMI at each age. Table 3
presents the results of the associations between TIB and
BMI at each age after adjusting for confounding factors.
At each age, TIB and BMI were significantly and negatively
associated (except for age 13 years); shorter sleep duration
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Figure 1. Developmental trajectories, represented by means of time
in bed and body mass index (BMI) from 10 to 13 years of age, in the
Quebec Longitudinal Study of Kindergarten Children, 1986—1987.
A) Three time-in-bed trajectories were defined: short sleepers (+;
n = 316, 14.5%), 10.5-hour sleepers (A; n = 1,486, 68.2%), and
11-hour sleepers (x; n = 376, 17.3%). B) Three BMI trajectories were
also computed: normal BMI (+; n= 1,315, 67.9%), overweight (A\; n=
518, 26.7%), and obese (x; n = 104, 5.4%). Dotted lines in part B
illustrate the international boundaries proposed by Cole et al. (34) to
define overweight and obesity between the ages of 10 and 13 years
(merged means for girls and boys at each age).

was significantly associated with higher BMI values. One
hour less of TIB was associated with increased odds ratios
for being overweight at 10 (odds ratio (OR) = 1.47, 95% CI:
1.33,1.62) and 13 (OR = 1.24,95% CI: 1.10, 1.40) years of
age. In addition, 1 hour less of TIB was associated with
increased odds ratios for being obese at 10 (OR = 1.78,
95% CI: 1.53, 2.08), 11 (OR = 1.41, 95% CI: 1.24, 1.61),
and 12 (OR = 1.17, 95% CI: 1.01, 1.35) years of age.
Association between TIB and BMI trajectories. Table 4
presents the results of the multinomial logistic regression
for the association between TIB and BMI trajectories. After
adjusting for confounding factors, the short-sleeper trajec-
tory was associated with a higher odds ratio for being in the
overweight trajectory (OR = 1.55, 95% CI: 1.39, 1.71) and
in the obese trajectory (OR = 3.26, 95% CI: 3.20, 3.29)
compared with the 11-hour sleeper trajectory. The 10.5-hour
sleeper trajectory was associated with a higher odds ratio for
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Table 3. Associations Between Time in Bed and Body Mass Index at Each Age, Adjusted for Confounding Factors?®, in the Quebec Longitudinal

Study of Kindergarten Children, 1986—-1987

10 Years of Age (n = 1,276) 11 Years of Age (n = 1,849) 12 Years of Age (n=1,835) 13 Years of Age (n = 957)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI
BMI, continuous® -087 -126,-049 -045 -0.74,-0.16 -032 -061,-0.03 -0.32 —0.68,0.05
BMI, categorical
Overweight vs. normal BMI 1.47 1.33, 1.62 1.08 1.00, 1.17 1.06 0.98, 1.15 1.24 1.10, 1.40
Obesity vs. normal BMI 1.78 1.53,2.08 1.41 1.24,1.61 1.17 1.01,1.35 1.02 0.83, 1.25

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio.
@ Adjustments were performed for sex, immigrant status, familial income, birth weight, and maternal and paternal education, for all ages, for
pubertal status at ages 11—13 years, and for time spent watching television and physical activity out of school at age 13 years.

b Values are P coefficients rather than ORs.

being in the obese trajectory compared with the 11-hour
sleeper trajectory only (OR = 1.32, 95% CI: 1.29, 1.35)
after adjusting for confounding factors.

Longitudinal associations between TIB trajectories and TIB
at 10 years of age and BMI at 13 years of age. Table 5
presents results of the longitudinal associations between
the TIB trajectories/TIB at 10 years of age and BMI at 13
years of age after adjusting for confounding factors. The
short-sleeper trajectory was associated with a higher odds
ratios for being overweight (OR = 1.99, 95% CI: 1.67, 2.37)
and obese (OR = 2.23, 95% CI: 2.18, 2.27) at 13 years of
age compared with the 11-hour sleeper trajectory. The 10.5-
hour sleeper trajectory was associated with a higher odds
ratios for being overweight (OR = 1.56, 95% CI: 1.22, 1.99)
and obese (OR = 1.26, 95% CI: 1.23, 1.29) at age 13 years
compared with the 11-hour sleeper trajectory. Finally, TIB
at 10 years of age was significantly and negatively associ-
ated with BMI at 13 years of age (B = —0.71, 95% CI:
—1.18, —0.14). Furthermore, a 1-hour decrease in TIB at
age 10 years was associated with increased odds ratios for
being overweight (OR = 1.51, 95% CI: 1.28, 1.76) and
obese (OR = 2.07, 95% CI: 1.51, 2.84) at age 13 years.

Longitudinal associations between BMI trajectories and
BMI at 10 years of age and TIB at 13 years of age. Table 5
also presents the results of longitudinal associations be-
tween BMI trajectories and BMI at 10 years of age and

Table 4. Associations Between Time in Bed and Body Mass Index
Trajectories, Adjusted for Confounding Factors?, in the Quebec
Longitudinal Study of Kindergarten Children, 1986—1987

Short vs. 11-Hour
Trajectories

10.5-Hour vs. 11-

Trajectory (n = 1,931) Hour Trajectories

OR 95% CI OR 95% CI
Overweight BMI vs. 155 1.39,1.71 1.00 0.86,1.16
normal BMI trajectory
Obese BMI vs. 326 320,329 132 1.29,1.35

normal BMI trajectory

Abbreviations: BMI, body mass index; Cl, confidence interval; OR,
odds ratio.

@ Adjustments were performed for sex, immigrant status, familial
income, birth weight, and maternal and paternal education, for all
ages, for pubertal status at ages 11-13 years, and for time spent
watching television and physical activity out of school at age 13 years.

TIB at 13 years of age after adjusting for confounding fac-
tors. No significant association was found between either
BMI trajectories or BMI at age 10 years and TIB at age
13 years.

DISCUSSION

The results of the present study support the hypothesis
that there is an association between short sleep duration
and high BMI. We found that a 1-hour decrease in TIB at
10 years of age was associated with an increased risk
(about 2 times’ higher) of being obese at age 13 years,
whereas 1 unit lower of BMI at 10 years of age was not
related to TIB at 13 years of age. The results also show that
the short-sleeper trajectory was associated with an in-
creased risk (about 2 times’ higher) of being overweight
or obese at age 13 years compared with the 11-hour trajec-
tory. The present results corroborate previous results of
longitudinal studies during childhood (21-24) and cross-
sectional studies during adolescence (26, 37) that support
the hypothesis that short sleep duration increases the risk
of obesity.

In the present study, weekday TIB trajectories showed
a marked decrease between the ages of 10 and 13 years as
a result of progressively later bedtimes and unchanged wak-
ing times corresponding to the start of school. It is well
known that preadolescence is a developmental cornerstone
in the maturation of sleep patterns (33). Pubertal status is
associated with more drowsiness among adolescents (32).
Indeed, a biologic trend is associated with later bedtimes
during adolescence, possibly caused by a greater tolerance
to homeostatic drive. This could be explained by biologic
changes in sleep regulation mechanisms occurring at pu-
berty and causing the sleep phase delay experienced by
adolescents, as demonstrated by studies on sleep patterns
among adolescents (33, 38).

We found that 22.4%-25.0% of the preadolescents were
overweight or obese between the ages of 10 and 13 years,
4.3%-5.9% of whom were obese according to the interna-
tional definition of Cole et al. (34). This prevalence is con-
cordant with national data; according to Statistics Canada,
26% of children and adolescents were overweight (39). Our
developmental BMI trajectories obtained independently
from cutoff points suggested in the literature were also

Am J Epidemiol 2011;173:621-629
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Table 5. Longitudinal Associations Between Time-in-Bed Trajectories and Body Mass Index, Adjusted for Confounding Factors?, in the Quebec

Longitudinal Study of Kindergarten Children, 1986—1987

TIB Trajectory

Short Sleepers vs. 11-Hour

TIB at 10 Years of Age

10.5-Hour Sleepers vs. 11- (Continuous)

Measures Sleepers Hour Sleepers
B or OR 95% CI B or OR 95% CI B or OR 95% CI
BMI at 13 years of age, continuous® 1.24 0.38, 2.09 0.62 —0.01, 1.26 -0.71 —-1.28, —0.14
BMI at 13 years of age, categorical®
Overweight vs. normal® 1.99 1.67,2.37 1.56 1.22,1.99 1.51 1.28, 1.76
Obesity vs. normal 2.23 2.18,2.27 1.26 1.23,1.29 2.07 151, 284

BMI Trajectory

Overweight Trajectory
vs. Normal BMI

BMI at 10 Years of
age (Continuous)

Obese Trajectory
vs. Normal BMI

B or OR 95% CI

B or OR 95% CI B or OR 95% CI

TIB at 13 years, —0.09
continuous

—0.18, 0.00

0.02 —0.15,0.20 —0.00 —0.02, 0.01

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratio; TIB, time in bed.
& Adjustments were performed for sex, immigrant status, familial income, birth weight, and maternal and paternal education, for all ages, for
pubertal status at ages 11-13 years, and for time spent watching television and physical activity out of school at age 13 years.

b Values are expressed as J coefficients.
¢ Values are expressed as odds ratios.

concordant with this distribution: 5.4% of the preadolescents
studied here were in the obese trajectory and 26.7% were in
the overweight trajectory.

To our knowledge, this is the first study of longitudinal
sleep durations and longitudinal BMI trajectories among
preadolescents. Our study has many strengths. First, the
design was based on a prospective longitudinal study with
a large representative sample of the population of Quebec.
Second, estimating developmental sleep trajectories is an
approach that is particularly indicated in the context of
considerable physiologic changes over time. Third, pread-
olescence is an interesting developmental period to study
because there are concomitant pubertal changes and life-
style modifications, including sleeping habits, and these were
all taken into account as potentially confounding factors.

The study also has some limitations. First, assessments
for both BMI and TIB at 10, 11, 12, and 13 years of age were
reported by mothers. Self-reported height and weight were
not validated in this or similar populations. TIB normally
overestimates true sleep duration because it includes the
time taken to fall asleep and any time spent awake during
the night. Nevertheless, previous studies have shown a good
correlation between TIB reported by parents and sleep du-
ration reported by children and early adolescents (40-42).
Second, as this was a prospective longitudinal cohort, there
were missing data for some variables. For the adjustment
factors, we used a multivariate imputation method to retain
the majority of the subjects in the analyses. Third, neither
biologic mechanisms nor important behaviors like dietary
habits and snacking were assessed in the present study. Finally,
we could not infer a causal relation between TIB and BMI.

Increasing the opportunity for sufficient sleep duration
could be fostered through educational programs in elemen-
tary schools, during medical visits, and through later school
starting times in high school (37). Studies are needed to test

Am J Epidemiol 2011;173:621-629

the effectiveness of programs aiming to optimize sleep du-
ration and to decrease the prevalence of overweight and
obesity in preadolescents. Finally, twin studies are also
needed to understand the contribution of environmental
and genetic factors to the association between sleep duration
and BMI during development.
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