Somatic growth of lean children: the potential role of sleep
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Background: Despite the current obesity pandemic,
childhood malnutrition remains an urgent, public health
concern. Similar to the obesity pandemic, childhood
malnutrition is influenced by genetic and a number of
social, environmental and biological factors. In this study,
we investigated the association between sleep duration
and somatic growth in lean children.

Methods: A stratified, randomly clustered sampling
design was used to select fifth grade students from 10
primary schools in Shanghai. Based on a body mass index
below the 15th percentile a subsample of 143 lean children
aged 10-11 years old was defined. Sleep duration and other
potential confounders were surveyed through parental
or self-report questionnaires. Body measurements were
collected and used to calculate the Z score of weight,
height, body mass index as well as body fat percentage.

Results: Compared with children who slept <9 hours,
those who slept for >10 hours grew taller and gained more
weight after adjusting for confounding factors. When
children slept 9-10 hours, they had significantly higher Z
score of weight and body mass index.

Conclusions: Prolonged sleep not only benefits weight
gain but also improves height in lean children. Our
findings might provide important public health advice
such that prolonged sleep may be an effective modifier of
nutritional problems in childhood.
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Introduction

ncreasing trends of childhood obesity have been
Inoted in most regions of the world, ie, not only in

developed countries but also in developing countries
where children struggle with weight problems.!" In
contrast, data from the World Health Organization
show that the prevalence of stunting and underweight
in children younger than five years old is still high, that
is 26.3% and 16.1% respectively.”) Due to the health
risks,”* malnutrition in childhood remains a public
health concern, which may be neglected in the current
obesity pandemic.

Somatic growth can be assessed through single
measurements such as height and weight, each defining
health and nutrition of a developing child.”’ Growth is
further influenced by genetic and a number of social,
environmental and biological factors.* Recently, sleep
duration has been proposed as a potential new factor.”""!
Namely, in a meta-analysis of 12 studies including 30 002
children from different countries the pooled odds ratio
for short sleep duration and obesity was 1.89."% Yet
studies associating short sleep duration with weight gain
primarily focus on the population in general, particularly
in Western countries where the prevalence of obesity is
high and may be skewed.”"”! Consequently, the role of
sleep in a lean population has not been well-documented.
In addition, a non-linear association between sleep and
weight has been suggested,'”"” for instance, data of
30 451 adolescents from United States high schools
indicated a significant quadratic (U-shaped) association
between sleep duration and obesity."”) The question
remains to which advice should be provided to lean
children.

Associations between growth hormone (GH) and
sleep potentially lead to the hypothesis that prolonged
sleep may improve height.""" However, in contrast
to weight, few epidemiological studies to date have
reported a significant association between sleep
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and height. Data of children aged 5 to 11 years old
from England and Scotland showed a weak negative
association between the child's height and the parental
reported sleep duration."” A longitudinal study in 12
to 16 years old adolescents showed no association
between sleep duration and linear growth velocity.””
Also, a study conducted in 1 to 10 years old children
showed that sleep duration did not correlate with height
at any age nor when pooled over all ages.”" Such non-
significant results may be due to the large samples
as well as to the broad age range, and because of the
large variability in sleep duration during early and
middle childhood.”" Furthermore, these studies did not
focus on lean subjects specifically. The only positive
association between sleep and height was found in
infants, which showed that prolonged night-time sleep
and increased number of naps improved linear growth
although the study consisted of 23 infants only."*”
Interestingly, lean subjects have been suggested to be
more susceptible to the level of GH.”

Being in a dynamic developmental period marked
by reduced sleep with increased daytime sleepiness,”**”
our study focused on lean children aged 10-11 years
old because in light of aforementioned their sleep
duration might be an interesting factor towards somatic
growth. We aimed to explore the association between
sleep duration and somatic growth in lean children and
hypothesize that longer sleep durations in lean children
will improve height as well as weight indices.

Methods
Participants
The study was conducted from November to December
2009 in resident districts in Shanghai, China. A
stratified, randomly clustered sampling design selected
six urban districts, as well as four suburban and rural
districts. Within each district, one primary school was
randomly chosen and for each school, students of the
fifth grade and their parents were recruited.”” Of the
children invited 1387 returned the questionnaires and
1649 took part in anthropometric assessments, resulting
in 1309 children with complete data. Lean body weight
was defined as children's body mass index (BMI) <P,
(15" percentile) according to domestic data.”””
Exclusionary criteria for participation in the
study included chronic medical conditions, genetic or
craniofacial syndromes, and developmental disorders.
The study was approved by the Ethics Committee
of Shanghai Children's Medical Center, and written
informed consent was obtained from the parents or
guardians.

Socio-demographic questionnaire

Parents were invited to fill out the socio-demographic
questionnaire which surveyed family characteristics: age,
gender, and parental BMI being calculated from reported
weight and height. Appetite was obtained via self-report:
more than peers, the same as peers, less than peers.

Sleep duration and sleep quality
The Children Sleep Habit Questionnaire (CSHQ) is a 33-
item questionnaire to assess sleep quality of children aged
from 4 to 12 years.”™ A Chinese version of the CSHQ
was developed by translation and back-translation in
2005. Reliability, content validity and construct validity
of the Chinese version of CSHQ in a general population
of school-age children have been demonstrated.””
Parents were asked to report their child's sleep
habits during the past month. Items were rated on a
3-point scale, i.e., usually (5 to 7 times per week),
sometimes (2 to 4 times per week), and rarely (0 to 1
time per week). We also collected information about the
child's evening bedtime, wake-up time for weekdays
and weekends during the past month. The average
reported night sleep time (hereafter sleep duration) was
calculated as the weighted average of weekday and
weekend sleep durations using the formula: ([weekday
sleep durationx5]+[weekend sleep durationx2]) /7.
The calculated sleep duration was then classified into
3 groups: <9 h (group 1), 9-10 h (group 2), and >10 h
(group 3).

Anthropometric measurements

In each school, trained staff performed anthropometric
measurements, i.e., weight, height, triceps and
subscapular skinfold thicknesses, using a standardized
procedure. Details can be found elsewhere.”® In
addition, Tanner stage (I to V) was determined based
on visual inspection by an experienced pediatric
endocrinologist.

BMI was calculated as weight (kg)/height squared
(m*). Body fat percentage (BF%) was calculated from
the skinfold thickness according to the equations for
Chinese children: Boy=6.931+0.428x(Triceps+Subscap
ular) and Girl=7.896+0.458%(Triceps + Subscapular).™”
Additionally, Z scores of weight, height, BMI and BF%
were calculated.

Statistical analysis

Statistical descriptions were made using the mean
and standard deviation for continuous variables, and
percentage for categorical variables. Student's ¢ test was
applied to assess group differences. Partial correlation
analyses adjusted for age were conducted to estimate
the strength of associations of sleep duration with
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the anthropometric measures. Analysis of variance
(ANOVA) was used to assess group differences for
the continuous variables and chi-square analyses for
categorical variables. Multiple linear regression models
were used to estimate the predictive associations of
sleep duration with anthropometric characteristics while
controlling for socio-demographic data, i.e., parental
height/BMI, appetite and tanner stage. The level of
statistical significance for all analysis was set at P<0.05.
All statistical analyses were conducted using SPSS
statistical software (version 17.0, SPSS Inc, Chicago).

Results
The lean sample consisted of 143 children, including
76 boys (53.1%) with a mean age of 10.85+0.47 years.

Table 1. Anthropometric measures and sleep duration by gender
Total Boys Girls

Variables (1=143) (7=76) (=67) P value
Weight, kg 2849+280 29.01+2.64 2790+2.87 0.017
Height, cm 141.37+£5.78 141.21+5.74 141.55+5.86 0.73
BMI, kg/m* 1422+0.62 14.52+0.52 13.89+0.56 <0.001
BF, % 13.79+1.35 12.95+0.92 14.75+1.10 <0.001
Waist Z score -1.21+£031 -1.20+0.31 -122+032 0.67
Height Z score -0.70+0.84 -0.73+0.85 -0.68+0.84 0.82
BMI Z score -129+020 -1.27+022 -1.30+0.18 0.19
Zscore of BF%  -0.99+0.21 -1.02+0.21 -098+022 0.27
Sleep duration,h  9.55+0.57  9.51+0.56 9.59+0.57 038

BMI: body mass index; BF%: body fat percentage.
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Table 1 shows the anthropometric characteristics and
sleep duration of subjects stratified by gender. Children
slept on average for 9.55+0.57 hours.

In general, positive associations were found
between sleep with weight (= 0.22, P=0.009) and sleep
with height (»=0.20, P=0.015). It is suggested that the
longer the sleep duration, the better the anthropometric
measures (Fig.). Compared with children sleeping
less than 9 hours, those sleeping >10 hours had
a significantly higher weight Z score (-1.12+0.31
vs. -1.41+0.30, F(2)=4.13, P=0.014; Fig. A), but a
marginally increased height Z score (-0.36+0.81 vs.
-1.02+0.74, F(2)=3.57, P=0.050; Fig. B). Children
sleeping between 9-10 hours only had a higher BMI Z
score (-1.27+0.19 vs. -1.42+0.24, F(2)=3.52, P=0.027;
Fig. C).There was a marginal difference in Z score of
BF% between children sleeping between 9-10 hours
and less than 9 hours (-0.98+0.23 vs. -1.12+0.15,
F(2)=2.89, P=0.063; Fig. D).

A posterior analysis revealed that children who slept
>10 hours, indeed had earlier bedtime (20:53+00:20)
than children who slept <9 hours (22:17+£00:36) and
9-10 hours (21:28+00:23) (F(2)=55.47, P<0.001).
Furthermore, compared with short sleepers (group 1),
longer sleepers (group 2 and group 3) had fewer sleep
problems such as night waking with unconsolidated
crying and sweating (group 3: 4.8%, group 2: 1.1%,
group 1: 16.7%; x2(3)=13.50, P=0.009) as well as
bedtime resistance (group 3: 45%, group 2: 30%, group
1: 75%; x2(3)=9.89, P=0.007).
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Fig. Sleep group differences in anthropometric measures (mean, 95% CI). BMI: body mass index; BF%: body fat percentage.
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Table 2. Differences in sleep and anthropometric characteristics (adjusted models)

Z score Sleep duration Total Boys Girls
B(se)p Adjust R square B (se) p Adjust R square B (se) p Adjust R square
Height' 0.38 0.50 0.32
<9h Ref Ref Ref
9-10h 0.24 (0.19) 0.098 (0.23) 0.47 (0.31)
0.21 0.68 0.14
>10h 0.57 (0.22) 0.64 (0.28) 0.56 (0.36)
. 0.011 0.024 0.12
Weight 0.15 0.19 0.18
<9h Ref Ref Ref
9-10h 0.23 (0.083) 0.16 (0.11) 0.29 (0.14)
0.007 0.14 0.037
>10h 0.30 (0.096) 0.26 (0.13) 0.36 (0.15)
. 0.002 0.048 0.020
BMI 0.051 0.041 0.15
<9h Ref Ref Ref
9-10h 0.17 (0.057) 0.094 (0.081) 0.24 (0.079)
0.003 0.25 0.003
>10h 0.13 (0.066) 0.040(0.098) 0.21 (0.087)
. 0.044 0.69 0.019
BF% 0.027 0.050 0.13
<9h Ref Ref Ref
9-10h 0.12 (0.061) 0.13 (0.078) 0.060 (0.096)
0.045 0.10 0.54
>10h 0.087 (0.070) -0.036 (0.094) 0.15(0.11)
0.22 0.70 0.16

* : adjust for parental height, appetite, tanner stage; 1: adjust for parental BMI, appetite, tanner stage.  (se): Beta (Standardized error); BMI: body

mass index; BF%: body fat percentage.

After adjusting for potential confounders (Table
2), children sleeping between 9-10 hours (group 2) had
higher weight and BMI Z scores when compared with
those sleeping less than 9 hours (group 1). Similarly,
when sleeping the amount of hours as clinically
recommended (>10 hours or group 3), children had a
significantly higher Z score of height, weight and BMI
Z scores. Of interest, BF% remains unaffected. As
for confounding factors, mother's height (beta=4.49,
P=0.002), father's height (beta=7.08, P<0.001) and
tanner stage (beta=0.56, P<0.001) were predictive
for height Z score in the adjusted model of height Z
score. Appetite (beta=0.14, P=0.012) and tanner stage
(beta=0.21, P<0.001) predicted weight Z score, whereas
only appetite (beta=0.083, P=0.024) was related to
higher BMI Z score in the adjusted models.

Stratified by gender (Table 2), longer sleep duration
(group 3) was significantly associated with higher
height and weight indices in boys. In girls longer sleep
duration predicted improved anthropometry such as by
weight and BMI Z scores.

Discussion

To our knowledge, this study is the first to explore
the relationship between sleep and somatic growth in
lean children specifically. Our findings suggested that
compared with lean children who sleeping <9 hours,

those sleeping >10 hours favored particularly height
but also weight, whereas those sleeping 9-10 hours
only gained weight. Body fat mass of the lean child
was unaffected by more sleep. In other words, we
found that lean children aged 10-11 years substantially
improved height by sleeping the amount as clinically
recommended (>10 hours).

The positive association between sleep duration and
height in lean children in our study is of importance in
the global obesity debate, and extends our knowledge
of the vital function of sleep in a child's development.
Indeed, nocturnal GH secretion is dependent on sleep
and is markedly secreted shortly after sleep onset,
or in temporal association with the first period of
slow-wave sleep (sleep stages 3 and 4)."*'" A recent
experimental study in adults indicated that the amount
of growth hormone secreted during a 24-hour period
was unchanged whether or not a person slept during
the night, which produced a great deal of controversy
in sleep-GH-height discussion.”" Indeed, Van Cauter"”
highlighted that the total amount and the temporal
distribution of GH release were strongly dependent
on age, and characterized a pulsatile pattern and
increased amplitudes of GH release in prepubertal and
pubertal boys and girls. Our children with prolonged
sleep duration (groups 2, 3) went to bed respectively
85 minutes and 52 minutes earlier than children in
group 1, and had a better sleep quality. In other words,

248 World J Pediatr, Vol 10 No 3 - August 15, 2014 - www.wjpch.com



Sleep improves somatic growth

the long sleepers also had an uninterrupted sleep, and
hence both may have improved GH levels. Increased
GH is necessary for the proliferation of cartilage cells
at the epiphyseal plate permitting linear growth."” An
inverse relationship has been shown between BMI and
the peak GH in response to stimulation of GH in adults
and children.”>**) Namely, obese subjects typically
had a decreased GH secretion as well as reduced or
blunted GH responses to a variety of GH secretagogues,
whereas the lean subjects were more susceptible to the
level of GH.”***** Thus in our sample of lean children,
a higher level of GH during prolonged sleep may have
auxiliary promoted linear growth velocity.

In particular, we found that lean children who slept
>10 hours have higher weight and BMI compared with
those sleeping <9 hours, which may suggest that lean
children need more sleep to gain weight. This finding is
rather paradoxical in the obesity pandemic where short
sleep is associated with weight gain,”'” yet it supports a
potential U-shaped,"” or more complex non-linear,"*'”
association between sleep and anthropometric status. As
mentioned above, lean children with longer sleep may
have a higher level of GH, which also has the function
of promoting the synthesis of protein, subsequently
benefiting weight gain.”” Furthermore, an experimental
study in rats showed that administered GH has
differential effects on food intake in lean rats compared
with obese rats, i.e., when GH was administered to these
lean rats an uninterrupted stimulation of food intake was
observed, whereas for obese rats they responded with
a prompt suppression of food intake.”” The different
outcome, namely the stimulation or inhibition of
appetite, is determined by the balance between two rather
opposing metabolic events evoked by GH, i.e., one is
the protein anabolic effect and the other is the lipolytic
and calorigenic effect of GH."****"! Thus, likely GH
stimulated food intake in a lean animal has an impact
through the protein anabolic effect, whereas for an obese
animal, the lipolytic and calorigenic effect of GH plays
the primary role. They indeed found that the suppression
of food intake in the obese animals was associated with
significantly increased lipid oxidation and decreased
hypothalamic galanin, but this was not true for lean
animals.”” Such functional pathways are in agreement
with our results, suggesting that lean children with
prolonged sleep may have a higher level of GH with
subsequent weight gain. Finally, the discordant results
in obese and lean children may also be ascribed to sleep
having a different impact on the BMI status which
potentially underpins the sleep-BMI controversy. In fact,
few studies report on the distribution of underweight or
lean subjects in their samples or their exclusion from the
sample under investigation. Nevertheless, more studies
are needed to explore possible mechanisms underlying

this intriguing association of sleep with GH and
other hormones, as well as with appetite and physical
activity in different BMI or anthropometric conditions.
Especially, given that the confounders in our final
regression models aren't all that different from those
reported in the literature.

There were several potential limitations to this study.
Perhaps the most important limitation was the cross-
sectional design of the study; as such, we are unable to
determine the cause and effect relationship between sleep
duration and somatic growth. Sleep duration was also
determined according to parental report and not by an
objective measure (for example, the polysomnogram).
Furthermore, GH was not objectively assessed and
therefore the underlying mechanisms remain speculative.
In addition, the lean sample in our study is small, and
a larger cohort study is required to investigate the
association between sleep and somatic growth.

In conclusion, prolonged sleep may improve the
growth in terms of weight and height in lean children. Our
results underpin the vital function of sleep, and demonstrate
that more sleep can improve lean children's anthropometry,
which may have important public health implications.
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