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It has been suggested that sleeping problems are causally associated with obesity in early life, but most studies
examining this association have been cross-sectional. The authors used a population-based birth cohort of 2,494
children who were born between 1981 and 1983 in Brisbane, Australia, to examine the prospective association
between early-life sleeping problems (at ages 6 months and 2—4 years) and obesity at age 21 years. The authors
compared mean body mass indices (BMls; weight (kg)/height (m)?) and persons in the categories of overweight
(BMI 25.0-29.9) and obesity (BMI >30) among offspring at age 21 years according to maternally reported child-
hood sleeping problems. They found that young adult BMI and the prevalence of obesity were greater in offspring
who had had sleeping problems at ages 2—4 years than in with those who had not had sleeping problems. These
associations were robust to adjustment for a variety of potential confounders, including offspring sex, maternal
mental health, and BMI, and several mediators, including adolescent dietary patterns and television-watching.
These findings provide some evidence for a long-term impact of childhood sleeping problems on the later

development of obesity.

adult; body mass index; child; obesity; overweight; sleep

Abbreviations: BMI, body mass index; ClI, confidence interval; SD, standard deviation.

There is increasing research interest in the role of sleep in
obesity and its associated insulin resistance and cardiovas-
cular health, with prospective studies in adults showing
shorter sleep duration to be associated with an increased
risk of obesity, all-cause mortality, and cardiovascular mor-
tality (1, 2). In a recent review of studies carried out in
children, Taheri concluded that there was now sufficient
experimental and population-based evidence to support an
effect of sleep on energy balance and hence obesity, stating
“good sleep could be part of the obesity prevention ap-
proach” (3, p. 881). However, of the 13 population-based
studies reviewed, only two were prospective, with the re-
maining 11 being cross-sectional (3). Since obesity appears

to be causally associated with sleep apnea and other breath-
ing disorders (4), which could compromise sleep quantity
and quality, it is unclear from cross-sectional studies
whether obesity results in reduced hours of sleep (reverse
causality) or vice versa.

Of the two longitudinal studies published to date (5, 6),
one, a prospective study of a pregnancy cohort from south-
western England, examined 25 possible predictors of obe-
sity, all assessed at age 30 months, with obesity being based
on body mass index (BMI) calculated from weight and
height measured at age 7 years (5). Those investigators
found that eight of the 25 predictors were independently
associated with obesity, and they found a dose response
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for the relation between hours of sleep at age 30 months and
obesity at age 7 years; for example, the odds ratio comparing
less than 10.5 hours of sleep per 24 hours with 12.5 hours or
more was 1.45 (95 percent confidence interval (CI): 1.10,
1.89) (5). The second study, conducted in the United States,
also followed children from birth to later childhood, and
those authors found that getting fewer hours of sleep, par-
ticularly during the daytime, at ages 3—4 years was associ-
ated with greater odds of being overweight at age 9.5 years
(6). To our knowledge, no studies have examined the long-
term effect of sleeping problems in childhood on the later
development of obesity in early adulthood.

Our aim in this study was to examine the prospective
association between sleeping problems in childhood and
obesity at age 21 years and to examine possible confounding
and mediating effects.

MATERIALS AND METHODS
The study

The Mater-University Study of Pregnancy and Its Out-
comes is a prospective study of 7,223 women, and their off-
spring, who received antenatal care at a major public hospital
in Brisbane, Australia, between 1981 and 1983 and delivered
a live singleton child who was not adopted before leaving
the hospital (7, 8). These mothers and their offspring have
been followed prospectively, with maternal questionnaires
being administered when the offspring were aged 6 months,
5 years, 14 years, and 21 years. In addition, at ages 5, 14, and
21 years, detailed physical, cognitive, and developmental
examinations of the offspring have been undertaken, and at
ages 14 and 21 years, the offspring have completed health,
welfare, and lifestyle questionnaires.

In the current study, the main analyses were restricted to
2,494 offspring for whom we had prospective information
on sleeping problems at ages 6 months and 2—4 years and
data on measured height and weight at age 21 years. Half of
the 2,494 young adults were males. On average, they were
5.02 years old (standard deviation (SD), 0.50) at the 5-year
follow-up, 13.50 years old (SD, 0.41) at the 14-year follow-
up, and 20.41 years old (SD, 0.83) at the 21-year follow-up.
Written informed consent was obtained from the mothers in
all data collection phases and from the young adults at the
21-year follow-up. Ethics committees at the Mater Hospital
and the University of Queensland approved each phase of
the study. Full details on the study participants, sociodemo-
graphic data, and measurements have been previously re-
ported (7, 8).

Measurements

Outcomes. Young adult BMI (weight (kg)/height (m)?)
and the BMI categories of normal, overweight, and obese
were the main outcomes in this study. In all assessments of
height and weight, the average of two measurements of the
participant’s weight, taken with a scale accurate to 0.2 kg
while the participant was lightly clothed, was used. A porta-
ble stadiometer was used to measure height. BMI categories
(normal = BMI 18.5-24.9, overweight = BMI 25.0-29.9,
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and obese = BMI >30) were defined according to the cri-
teria of the World Health Organization (9).

Exposures: defining sleeping problems. Sleeping prob-
lems in young children are often defined on the basis of
nighttime awakenings and problems with sleep onset; how-
ever, there is no widely accepted definition (10). In this study,
at 6 months and 5 years of follow-up, mothers were asked
whether their children had irregular or troubled sleeping. At
6 months of follow-up, the mother was asked, “How often
does your baby have the following problems?”” ““Sleepless-
ness’’ was one of the options, with response categories being
“almost every day,” “a few times a week,” “a few times
amonth,” “rarely,” or “never.” At5 years of follow-up, the
mother was asked, ““As you remember your child’s behavior
between 2 and 4 years of age, did he/she have irregular
sleeping habits?”” Response options were ‘‘often,” ‘‘some-
times,” “rarely,” and “never.” For this study, maternal re-
sponses were collapsed into three categories for each follow-
up time: “‘rarely/never,” ‘“‘sometimes’ (corresponding to “‘a
few times a month” at the 6-month follow-up and “‘some-
times” at the 5-year follow-up), and “often” (corresponding
to “almost every day” or “a few times a week” at the 6-
month follow-up and “often” at the 5-year follow-up).

Confounders and mediators

The following maternal and family characteristics were
considered to be potentially confounding factors on the ba-
sis of their possible association with BMI in early adulthood
and sleeping problems during childhood and adolescence:
maternal age at child’s birth, maternal prepregnancy BMI
(based on prepregnancy weight and height, as reported by
mothers at the first antenatal clinic visit), maternal educa-
tion at child’s birth (did not complete secondary school,
completed secondary school, completed further/higher edu-
cation), maternal depression (assessed with the Delusions-
Symptoms-States Inventory (11); mothers were classified as
depressed if they reported three or more of seven symptoms
related to depression), marital status (married, de facto mar-
ried (cohabiting or in committed relationship), single, or
other), and maternal smoking (none, 1-9 cigarettes/day, or
10 or more cigarettes/day) at 6 months of follow-up. To
examine the possibility that any associations of sleeping
problems in childhood with obesity at age 21 years were
mediated by childhood-adolescent diet or physical activity,
we examined the effect of adjustment for diet, physical ac-
tivity, and sports participation, assessed by maternal report
when the offspring were aged 14 years, on these associa-
tions. Diet and physical activity were not assessed in early
childhood, but since these characteristics track from child-
hood to adolescence, our measurements at age 14 years will
have captured earlier characteristics to some extent. At the
14-year follow-up, mothers were asked to report the fre-
quency of their child’s consumption of fast food, salad, soft
drinks, and red meat (all with response options of ‘“‘rarely or
never,” ‘‘at least two or three times a week,” and ‘“‘most
days”), the frequency of the family’s taking meals together
(at least once a day vs. a few times/once/less than once
a week), the amount of time the child spent watching tele-
vision each day (<1, 1-<3, 3—-<5, or >5 hours), and the
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TABLE 1. Mean body mass index and body mass index category at age 21 years according to the presence of early-life sleeping
problems,* Mater-University Study of Pregnancy and Its Outcomes, Brisbane, Australia, 1981-1983

Sex-adjusted
% mean BMIt,$
at age 21 years

No. of

Sleeping problem participants

95% Clt

Sex-adjusted BMI category at age 21 years

Normal Overweight Obese
(18.5-24.9) (25.0-29.9) (>30)
% 95% Cl % 95% ClI % 95% Cl

At age 6 months:
sleeplessness

A few times a month 1,772 71.05 24.14

A few times a week 296 11.87 24.07
Almost every day 426 17.08 24.56
p value 0.250

At ages 2—4 years:
irregular sleeping

habits
Rarely/never 1,679 7117 24.06
Sometimes 470 19.92 24.51
Often 210 8.90 25.06
p value 0.009

23.92, 24.37 66.58 64.35,68.74 21.20 19.35,23.16 12.16 10.72, 13.77
23.51,24.63 67.57 62.03,72.66 21.91 17.56,26.98 10.46 0.07, 14.49
24.10, 25.03 63.36 58.68, 67.81 20.97 17.36, 25.11 15.58 12.44, 19.33

0.145

23.83, 24.30 66.47 64.52,68.36 21.27 19.37,23.29 11.30 9.87, 12.91
24.06, 24.96 66.00 64.01,67.89 19.57 16.21,23.43 16.12 13.07, 19.73
24.39, 25.73 65.75 64.72,67.73 19.92 15.06, 25.87 17.59 13.01, 23.34

0.018

* Reported by the mothers when the offspring were aged 5 years.

1 BMI, body mass index; Cl, confidence interval.
+ Weight (kg)/height (m)2.

amount of time the child spent on sports or exercise per week
(4-7 days vs. 0-3 days).

Statistical analyses

We first tabulated the distribution of BMI and its catego-
ries according to sleeping problems at ages 6 months and 2—
4 years (table 1). The differences in BMI distributions were
compared by one-way analysis of variance and by F test.
Statistical evidence for a difference in effect between males
and females was assessed by means of a likelihood ratio test
of the interaction with sex. Since we found no statistical
evidence that effects differed between the sexes, results
are presented for males and females combined.

Because of missing data, increasing the number of con-
founders or mediators in the multivariable models decreased
the number of children retained in the analysis. Therefore, we
included only those variables that were significantly (p <
0.05) associated with sleeping problems. From the above-
mentioned confounders or mediators, we found child and ma-
ternal ages, maternal marital status, maternal mental health,
family meals, adolescent television-watching, and maternal
BMI to be associated with child sleeping problems.

A series of multiple linear regression models was used to
determine the mean difference in BMI according to sleeping
problems, taking into account potentially confounding fac-
tors and examining possible mediating effects. In separate
models, we examined the effect of participant sex and age
(model 1), maternal age, maternal BMI, and maternal men-
tal health variables (model 2). We then examined potential
mediators (models 3 and 4). The final model combined all
variables (model 5). Similarly, a series of multinomial re-
gression models was used to assess the association between
sleeping problems and young adult overweight and obesity

at age 21 years. Full details on each model are provided in
the table footnotes.

In the sensitivity analysis, we excluded participants who
were overweight or obese at age 5 years from the analysis
(overweight or obesity status was defined using Cole et al.’s
(12) standard definition) to see whether any association was
influenced by reverse causality (i.e., persons who are over-
weight or obese by age 5 years having sleeping problems).
All analyses were undertaken using Stata, version 9.2 (Stata
Corporation, College Station, Texas).

RESULTS

Table 1 shows the numbers and percentages of partici-
pants with sleeping problems at ages 6 months and 2—4
years and the distribution of BMIs at age 21 years according
to sleeping problems in early life. Mean BMI at age 21 years
increased with increasing frequency of experiencing sleep-
ing problems at ages 2—4 years, but there was no association
between sleeping problems at age 6 months and BMI at age
21 years. Similarly, the prevalences of overweight and obe-
sity at age 21 years increased with increasing frequency of
having experienced sleeping problems at ages 2—4 years.

Since there was no association between sleeping prob-
lems at age 6 months and BMI or BMI categories at age
21 years (table 1), we present multivariable associations be-
tween sleeping problems at ages 2—4 years and BMI or obe-
sity at age 21.

Table 2 shows the mean difference in BMI at age 21
years, comparing children who experienced sleeping prob-
lems at ages 2—4 years with those who did not, with adjust-
ment for potentially confounding and mediating factors in
a series of multiple regression models. The results are pre-
sented for the 2,001 adolescents with complete data on all
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TABLE 2. Mean difference in body mass index* assessed at
age 21 years according to the presence of sleeping problems
at ages 2-4 years, with adjustment for potential confounders
and mediators, Mater-University Study of Pregnancy and Its
Outcomes, Brisbane, Australia, 1981-1983

Irregular sleeping at ages 2—4 years§

Model$ Sometimes (n = 395) Often (n = 177)
dfoence 9O oo 95%0l
Model 1 0.34 —0.19, 0.86 1.06 0.32,1.79
Model 2 0.13 -0.37, 0.64 0.82 0.12, 1.53
Model 3 0.30 —0.23, 0.83 1.02 0.28, 1.75
Model 4 0.31 —0.21, 0.84 1.03 0.29, 1.76
Model 5 0.10 —0.40, 0.61 0.79 0.08, 1.50

* Weight (kg)/height (m)? .

1 Reported by the mothers when the offspring were aged 5 years.

$ Model 1: results adjusted for child age and sex. Model 2: results
adjusted for child age, sex, maternal age at child’s birth, mental
health, maternal marital status at 5 years, and maternal body mass
index. Model 3: results adjusted for child age, sex, and diet at age 14
years. Model 4: results adjusted for child age, sex, and television-
watching at age 14 years. Model 5: results adjusted for all of the
above factors.

§ Reference category: rarely/never (n = 1,429). The mean
difference for the reference category was 0.

q Cl, confidence interval.

variables included in any of the multivariable models. In the
age- and sex-adjusted model, we found that the young adults
who often experienced sleeping problems averaged nearly
a one-unit increase in BMI (odds ratio = 1.06, 95 percent
CI: 0.32, 1.79) compared with those who did not have sleep-
ing problems. These associations were independent of po-
tentially confounding and mediating factors.

Young adults who experienced sleeping problems in early
life had increased odds of being obese (odds ratio = 1.90, 95
percent CI: 1.24, 2.93) in the age- and sex-adjusted model
(table 3). As with BMI examined as a continuous variable,
adjustment for a range of potential confounders and medi-
ators did not substantially alter these associations.

In the sensitivity analyses, when we repeated the analyses
after removing children who were overweight or obese at
age 5 years, the results did not differ from those presented
here.

DISCUSSION

In this prospective study, we found that young adults’
mean BMI and the prevalence of obesity were greater in
those who had maternally reported sleeping problems dur-
ing early childhood (ages 2—4 years) than in those whose
mothers reported no sleeping problems at this age. Young
adults who had frequent sleeping problems in early life were
1.90 times (95 percent CI: 1.24, 2.93) as likely to be obese
by age 21 years as young adults who did not. These associ-
ations were independent of adjustment for a variety of po-
tential confounders, including offspring sex, maternal age,
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TABLE 3. Adjusted odds of being overweight or obese at age
21 years according to the presence of sleeping problems* at
ages 2-4 years, Mater-University Study of Pregnancy and Its
Outcomes, Brisbane, Australia, 1981-1983

Irregular sleeping at ages 2—4 years#

Modelt Sometimes (n = 395) Often (n = 177)
ORS§ 95% CI§ OR 95% ClI
Model 1
Overweightq 0.99 0.75, 1.31 0.98 0.65, 1.47
Obese# 1.45 1.04, 2.03 1.90 1.24,2.93
Model 2
Overweight 1.00 0.69, 1.24 0.91 0.60, 1.38
Obese 1.31 0.93, 1.86 1.70 1.09, 2.68
Model 3
Overweight 0.97 0.73, 1.29 0.96 0.64, 1.49
Obese 1.43 1.02, 2.01 1.88 1.22, 2.89
Model 4
Overweight 0.99 0.75, 1.32 0.98 0.65, 1.48
Obese 1.42 1.02, 1.99 1.85 1.20, 2.85
Model 5
Overweight 0.92 0.69, 1.24 0.95 0.63, 1.43
Obese 1.29 0.91, 1.83 1.67 1.07, 2.63

* Reported by the mothers when the offspring were aged 5 years.

T Model 1: results adjusted for child age and sex. Model 2: results
adjusted for child age, sex, maternal age at child’s birth, mental
health, maternal marital status at 5 years, and maternal body mass
index (weight (kg)/height (m)?). Model 3: results adjusted for child
age, sex, and diet at age 14 years. Model 4: results adjusted for child
age, sex, and television-watching at age 14 years. Model 5: results
adjusted for all of the above factors.

¥ Reference category: rarely/never (n = 1,429). The odds ratio for
the reference category was 1.

§ OR, odds ratio; Cl, confidence interval.

€ Overweight was defined as body mass index 25.0-29.9.

# Obesity was defined as body mass index >30.

maternal mental health, and maternal BMI, and several me-
diators, including adolescent dietary patterns, family meals,
and adolescent television-watching. The findings of this
study suggest that having a childhood sleep disorder is an
independent predictor of young adult BMI and obesity.
These findings also provide some evidence for a long-term
impact of childhood sleeping problems on the later devel-
opment of obesity.

There are various methods for measuring sleep duration.
Wrist actigraphy is considered reasonably accurate, al-
though it has been recommended that it be used for a mini-
mum of 7 nights (13) or used only in conjunction with sleep
logs (14). For a large epidemiologic study, wrist actigraphy
is relatively impractical. Maternal reporting of amount of
time spent in bed is also not considered an accurate measure
of children’s sleep durations, as children are unlikely to be
asleep the entire time they are in bed (15).

We did not have information on sleep duration in our
study, and therefore the correct interpretation of our findings
is that maternal reports of childhood sleeplessness and
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irregular sleeping habits are associated with greater BMI
many years later, in early adulthood. These associations
might reflect an association between shorter sleep duration
in childhood and increased risk of greater BMI in later life.
This interpretation is supported by recent findings from
a study in which the direction and magnitude of the associ-
ation between sleep duration and glycemic control were
similar to those of the association between quality of sleep
and glycemic control in adults (16). However, while meth-
ods for determining “quality of sleep” and the understand-
ing of what “irregular sleep” and “quality of sleep” mean
are likely to vary from one study population to another,
“duration of sleep” is less likely to be influenced by such
differences in interpretation. If the key exposure of interest
is duration of sleep, then future studies should directly as-
sess this factor, and methods should be developed for de-
termining the best methods of accurately determining sleep
duration. Finally, it is unclear whether our broad definition
of sleep (i.e., any sleep, not restricted to nighttime sleep)
had an impact on our results. Studies suggest that parental
concern focuses on nighttime waking, and parents may have
been more likely to notice and remember these incidents (10).
In addition, children in this age group commonly sleep for
1-2 hours during the day, as opposed to the recommended
10-12 hours each night. Nonetheless, it is possible that
our nondefined use of the word “sleep” slightly inflated the
prevalence of problem sleeping in comparison with other
studies.

There are at least three plausible explanations for the
observed association between sleep distortion and greater
BMI or obesity. First, children who sleep less have more
time in which to eat, and this excess consumption results in
obesity (3, 5, 17-19). Second, lack of sleep results in tired-
ness and less physical activity during the day, causing less
energy expenditure than energy intake (5, 17, 20). Alterna-
tively, less physical activity may result in reduced sleep
quality or duration, and therefore the association with sleep
quality or duration might not be causal but might reflect the
established association of physical inactivity with obesity.
For instance, television-viewing (which uses less energy)
has been associated with shorter sleep duration in children
(21). We adjusted for television-viewing and sports involve-
ment, but not activity levels. Third, biologic mechanisms
such as metabolism disruptions (3, 22-24) or changes in
hormone secretion—for example, decreased levels of leptin
(an appetite suppressant) (25-27), decreased nocturnal se-
cretion of growth hormone (which maintains lipolysis
throughout the night) (28, 29), increased levels of ghrelin
(an appetite stimulant) (30), compromised insulin sensitivity
(31), and changes in the autonomic nervous system (32)—
may play a role.

Our results are in broad agreement with those of most
cross-sectional studies. They also affirm the results from
previous longitudinal studies. The main strength of this
study was its capacity to test the long-term independent
prospective association between sleeping problems at 2—4
years of age and young adult overweight and obesity, while
controlling for a range of potentially confounding factors
and exploring the role of potential mediators. However, our
results should be seen in the context of some limitations.

The loss to follow-up in our cohort was considerable. Par-
ticipants who were lost to follow-up (i.e., who did not attend
the 14- and 21-year follow-ups but were included in the
study at delivery) were more likely to be male and of Asian
and Aboriginal/Torres Strait Islander background (all p’s <
0.001). Their mothers were more likely to have been teen-
agers at their birth, to be less educated, to be single or
cohabitating, to have three or more children, to have used
tobacco and alcohol during pregnancy, and to have been
anxious and depressed at their first antenatal visit (all p’s
< 0.001). Our results would be biased if the associations we
assessed did not exist in nonparticipants or pointed in the
opposite direction in nonparticipants. The broad similarity
between our findings and those of two previous prospective
studies in children (5, 6) in which loss to follow-up was
lower than in our study provides some support that our
findings were not biased by loss to follow-up. We have
compared our estimates of overweight or obesity at age 21
years with those of the Australian National Nutritional Sur-
vey (1995) for a similar age category (ages 20-24 years),
and the results are comparable. At age 21 years, the preva-
lence of overweight in the Mater-University Study of Preg-
nancy and Its Outcomes was 34 percent. At ages 20-24
years, the prevalence of overweight in the National Nutri-
tional Survey was the same (34 percent) (33). Nevertheless,
we cannot be certain that some bias has not occurred. An-
other limitation includes our reliance on maternal reporting
of sleeping problems, which is likely to be affected by
a number of factors that could underlie the associations
we found (including, for example, maternal-offspring rela-
tionships). However, maternal reports about offspring are
widely used in epidemiologic studies, since direct measure-
ments of sleep duration and quality such as those used in
sleep clinic studies are not feasible in large epidemiologic
studies. In general, maternal reports are likely to be more
reliable than reports obtained from other caregivers.

This study adds some evidence for the suggestion that less
sleep during childhood may result in greater obesity in
young adulthood. It remains uncertain, however, whether
the association in children is with duration of sleep or with
sleep disturbance of another type. The current pediatric and
adult literature suggests that it is the duration of sleep that is
important. If this is confirmed, it may necessitate the de-
velopment and provision of educational materials for moth-
ers, child-care centers, and other caregivers of young
children emphasizing recommended amounts of sleep and
how to achieve this, especially in children who are having
sleeping problems. Since this is a potential mechanism for
disrupting the obesity epidemic, further research is needed
to determine whether this relation is really causal and to
determine the magnitude of any effect of increasing sleeping
duration on population levels of obesity.
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