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ABSTRACT

Objective Associations between self-reported sleep
duration and obesity indices in children are well
recognised; however, there are no studies on associations
between objectively measured other sleep parameters and
physical activity with body composition in preschoolers.
Therefore, the aim of this study was to determine the
associations between sleep parameters and moderate-to-
vigorous physical activity (MVPA) with body composition
indices in preschoolers using objective measures.

Design A cross-sectional study.

Participants The study group consisted of 676 children
aged 5-6 years, who were enrolled in kindergartens in the
2017/2018 school year.

Outcome measures Sleep parameters and MVPA were
measured using accelerometers for 7 days. Bioelectrical
impedance analysis was used to estimate body
composition.

Results Sleep duration and sleep efficiency were
inversely associated with body fat percentage (BFP)
(B=-0.013and B from —0.311 to —0.359, respectively)
and body mass index (BMI) (B from —0.005 to —0.006

and from —0.105 to —0.121, respectively), and directly
associated with fat-free mass (FFM) (8 from 0.010 to
0.011 and from 0.245 to 0.271, respectively) and muscle
mass (B from 0.012 to 0.012 and from 0.277 to 0.307,
respectively) in unadjusted and adjusted models. BFP was
inversely associated with MVPA and positively associated
with number of awakenings and sleep periods. Number

of sleep periods was inversely associated with FFM, and
positively with BMI and muscle mass. Correlation matrix
indicated significant correlation between BFP, FFM and
muscle mass with sleep duration, sleep efficiency, number
of sleep periods and MVPA.

Conclusions Periodic assessment of sleep parameters
and MVPA in relation to body composition in preschool
children may be considered, especially in those who are at
risk for obesity.

INTRODUCTION

Sleep is a physiological process that plays
a vital role in brain function and systemic
physiology across many body systems. Suffi-
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Strengths and limitations of this study

» In this study, we used a device-based measure of
sleep, physical activity (actigraphy) and body com-
position (bioelectrical impedance analysis method).

» The 5s epoch used in this study appears to capture
a greater amount of data in preschool children.

» Energy intake was not adjusted for in analyses.

» Hip worn accelerometers for assessment of sleep
quality metrics can be recognised as a limitation of
the study.

disorders are common in childhood and
adolescence. The overall prevalence of
chronic sleep disruption among a random
sample of 20505 children aged 5-12 years
was 9.8% (boys, 10.0%; girls, 8.9%).” Long-
term consequences of sleep disruption in
healthy individuals include hypertension,
dyslipidaemia, cardiovascular disease, weight-
related issues, type 2 diabetes mellitus, gastro-
intestinal disorders and depression.”

Recent studies have reported that short
sleep duration is a predictor of obesity in
children and adolescents. A meta-analysis of
11 longitudinal studies, comprising almost
25000 children and adolescents, revealed
that subjects sleeping for short duration had
twice the risk of being overweight/obese,
compared with subjects sleeping for long
duration.* A more recent systematic review
and meta-analysis of prospective studies also
indicated that children and adolescents with
short sleep duration have increased odds
for obesity.” Nevertheless, some studies have
reported that either short as well as long sleep
duration are associated with increased preva-
lence of obesity.’

Sleep duration is not the only param-
eter that can affect weightrelated issues.

Dr Justyna Wyszynska; cient sleep quality is important for mental,  Other sleep parameters such as number of
justyna.wyszynska@onet.pl emotional and physical health.! Sleep sleep periods, sleep efficiency, number of
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awakenings or length of awakenings can also affect body
composition. It was found that longer sleep duration and
higher sleep efficiency were associated with lower body
mass index (BMI) among adults from the general popu-
lation.” Conversely, greater BMI and body fat percentage
(BFP) were associated with lower sleep efficiency and
longer wake after sleep onset (WASO). Elevated BMI
or BFP were also observed for later wake times, shorter
sleep duration and longer sleep latency.” The relation-
ship between sleep parameters with fat-free mass (FFM)
and muscle mass remains inconsistent. For example, the
Family Lifestyle, Activity, Movement and Eating (FLAME)
study of children aged 3-7 years, demonstrated a signifi-
cant association between sleep duration and fat mass but
the relationship with FFM was non-significant.” However,
the opposite results were obtained in Korean adolescent
boys. Self-reported sleep duration was inversely associ-
ated with BMI, BFP and positively with skeletal muscle
index."’ Similarly, shorter sleep duration was associated
with higher BMI and FFM index among children aged
from 3 to 4years.'" A recent experimental study in young
men demonstrated that acute sleep loss contributed to
decrease in levels of structural proteins in skeletal muscle
and increase in levels of proteins linked to adipogenesis
in adipose tissue.'?

Current evidence has so far often been limited to studies
using self-reported sleep analysis that include mainly sleep
duration and BMI. To the best of our knowledge, there
are no reports on the analysis of device measured sleep
parameters and moderate-to-vigorous physical activity
(MVPA) with body composition among large sample of
preschool children. Therefore, we explored the associa-
tion between sleep metrics, MVPA and body composition.
Based on previous studies we hypothesised that: (1) BFP is
inversely associated with sleep duration, sleep efficiency,
MVPA and positively associated with WASO, number
of awakening and number of sleep periods; (2) FFM is
positively associated with sleep duration, sleep efficiency,
MVPA and inversely associated with WASO, number of
awakening, number of sleep periods; (3) muscle mass is
positively associated with sleep duration, sleep efficiency,
MVPA and inversely associated with WASO, number of
awakening, number of sleep periods.

METHODS
Study design and study sample
A cross-sectional study was conducted at 22 kindergar-
tens in Rzeszéw, Poland. The study included healthy
preschoolers aged 5-6 years. Participation in the study
was voluntary and anonymous. Anthropometric measure-
ments were taken between 08:00 and 10:00 by experi-
enced researchers. Data were collected in the 2017,/2018
school year, when preschoolers were attending kinder-
garten and excluded major holidays.

An invitation to participate in the study was sent to all
parents of children aged between 5 and 6 years attending
kindergartens. The consent of 707 parents was obtained

for child participation in the measurements for the
purpose of this study. Of those respondents, 31 were
excluded from the study for the following reasons: a func-
tional state that does not allow for self-maintenance of a
standing position (n=1), strong anxiety of examination
(n=3), taking medication affecting body composition
(n=3), a failure to return or complete the survey (n=18)
or lack of valid accelerometer data (n=6). Ultimately, the
study group consisted of 676 students (51% girls). The
margin of error for study group consisted of 676 individ-
uals is maximum 4%.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Anthropometric measurements

Anthropometric measurements (body mass, body height)
were performed under standard conditions. Body height
was measured in an upright position, barefoot, to the
nearest 0.1cm using a portable stadiometer (Tanita
HR-200). Body mass was assessed with an accuracy of
0.01kg using a body composition analyser (BC-420 MA,
Tanita). BMI was calculated as body mass (kg) divided
by height (m) squared. Based on BMI values, the BMI
percentile of individual participants were calculated.
Polish BMI percentile charts specific for age, gender
and body height were used."” Based on the BMI percen-
tile values, underweight, healthy weight, overweight and
obesity were determined."*

Physical activity and sleep

Actigraphic sleep parameters and MVPA data were
collected using the tri-axial accelerometer (GT3X-BT
Monitor; ActiGraph, Pensacola, Florida, USA) and were
analysed using the ActiLife 6.13 data analysis software.
Actigraphy is a valid, effective and cost-efficient alterna-
tive to polysomnography'” and widely used to objectively
measure physical activity level in preschool children.'
The device was attached at the participant’s right hip
Participants were instructed to wear the monitor for
24hours daily for seven consecutive days and nights
during all activities, except for water-related activities.
Parents or caregivers also received detailed instructions
on the use of the activity monitor by their children.

As the accelerometer was worn for 24hours per day,
it was necessary to identify nocturnal sleep episode time
distinct, and this was done using a published automated
algorithm.17 Actigraphy data were collected at a sampling
rate of 30 Hz and the ‘Sadeh’ sleep algorithm was used."
In the current study, the following five sleep outcomes
were examined: sleep duration (total sleep time), sleep
efficiency, WASO, number of sleep periods and number
of awakenings. Sleep duration refers to the number of
60s epochs in a sleep episode scored as ‘sleep’, excluding
any time scored as ‘wake’. Sleep efficiency is percentage
of total time in bed actually spent in sleep. WASO is the
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duration (in minutes) of wake time in a sleep episode
after sleep has been initiated. Sleep periods is defined as
the total number of sleep periods that were detected in
the data set, and number of awakenings is the frequency
of awakenings during a sleep episode."

After exclusion of the nocturnal sleep episode time,
non-wear time was determined as 60 min of consecutive
zeros allowing for 2 min of non-zero interruptions.* Once
nocturnal sleep episode time and non-wear time were
computed, waking wear time and the physical activity
levels were calculated and identified using the 5 s epoch
data. The findings suggested that using 5 s epochs are
better adapted to the preschool children physical activity
patterns.”’ A waking wear time of =500 min/day was used
as the criterion for a valid day, and = 4 days were used as
the criteria for a valid 7-day period of accumulated data
(including >3 valid weekdays and >1 valid weekend day).*
For each participant, the mean MVPA (min/day) and the
mean daily step count were calculated. The cut-off points
from Evenson et al were selected to determine the time
spent on MAPA. MVPA time was calculated as the mean
daily minutes 22296 counts/min from all valid days.*®

The majority of children (n=741, 77.8%) had complete
7-day actigraphic sleep data; 170 (17.8%) and 42 (4.4%)
children had 6-day and 5-day actigraphic data, respectively.
Average monitoring included 6.7 days of recordings.

Body composition

Foot-to-foot bioelectrical impedance analysis (BIA) was
used to estimate body composition with a body composi-
tion analyzer (BC-420, Tanita). The foot-to-foot method
of BIA is a reliable and accurate tool for the measure-
ment of body composition in the paediatric population.**
Results showed strong significant correlations between
dual-energy X-ray absorptiometry (DEXA) and BIA for
fat mass, BFP and FFM.%

BIA was performed in the early morning after over-
night fasting for at least 8hours since food or beverage
consumption may decrease impedance by 4-15 over
a 2-4hours period after meals, representing an error
smaller than 3%.%° Body composition was differentiated
into BFP, FFM and muscle mass percentage.

Statistical analysis

Statistical analysis was performed using the SPSS V.21 soft-
ware. Descriptive statistics are presented as mean (+SD)
and n (%). All variables were checked for normality
before the analysis using Kolmogorov-Smirnoff test.
Group differences between means were analysed with
Mann-Whitney U test and Pearson’s y” test. Simple and
multiple linear regression models were used to examine
the independent associations of sleep parameters and
MVPA with body composition indices (ie, BFP%, FFM %,
muscle mass and BMI). The multicollinearity between
independent variables was determined using variance
inflation factor. The variance inflation factors between
variables were <b, suggesting that multicollinearity was
not a problem in the models. The primary model (model

1) was unadjusted, each association between variables was
constructed separately by simple linear regression. Model
2 was adjusted for age and gender. Model 3 and model
4 were consisted of model 2 plus MVPA and sleep dura-
tion, respectively. A correlation matrix, using Spearman’s
correlation coefficients (r), was determined to examine
the associations between body composition indices with
the sleep parameters and MVPA. The significance level
was set at p<0.05.

RESULTS

The final sample consisted of 676 preschoolers aged
5-6 years (mean age b.bbyears). Mean height was
117.21£6.06 cm and mean weight 21.67+3.89kg. There
were no significant differences in age, body composition
and sleep parameters between boys and girls. Mean MVPA
were significantly lower in girls than in boys (p<0.001)
(table 1).

Table 2 shows the independent associations of sleep
parameters and MVPA with body composition. Sleep
duration, sleep efficiency and MVPA were inversely asso-
ciated with BFP in unadjusted and adjusted models.
Number of sleep periods and number of awakenings were
directly associated with BFP in unadjusted models and
after adjusting for age and gender (model 2). Associa-
tions between number of sleep periods and BFP remained
significant after further adjustment for MVPA (model 3).
FFM was positively associated with sleep duration and
sleep efficiency, and negatively associated with number
of sleep periods in unadjusted and adjusted models.
Number of awakenings was negatively associated with
FFM after adjusting for age and gender (model 2). Sleep
duration and sleep efficiency were directly associated with
muscle mass in all models. Positive significant association
was also observed between MVPA and muscle mass after
adjusting for age, gender and sleep duration (model 4).
BMI were inversely associated with sleep duration and
sleep efficiency, and directly associated with number of
sleep periods in unadjusted and adjusted models.

Correlation matrix for sleep parameters, MVPA and
body composition indicated significant correlation
between BFP and sleep duration (r=-0.110), sleep effi-
ciency (r=-0.090), number of sleep periods (r=0.116) and
MVPA (r=-0.095) (p<0.01). Positive correlation was also
found between FFM and muscle mass with sleep dura-
tion, sleep efficiency, MVPA and inverse correlation with
number of sleep periods (table 3).

DISCUSSION

Most available studies examined the relationship between
self-reported sleep duration and obesity indicators such
as BMI, waist circumference or skinfold thickness. More
research is needed to fully understand how other device-
based sleep measures and physical activity are associated
with body composition, as these may represent different
aspects of sleep compared with sleep duration. Therefore,
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Table 1 Characteristics of the study population

Variable All subjects (n=676) Boys (n=331) Girls (n=345) P value
Age (years)* 5.55+0.50 5.55+0.50 5.56+0.50 0.742
Height (cm)* 117.21+6.06 117.90+6.13 116.55+5.92 0.006
Weight (kg)* 21.67+3.89 22.09+4.13 21.26+3.61 0.008
BMI (kg/m?)* 15.68+1.76 15.78+1.81 156.57+1.70 0.147
Body mass categoryt

Underweight 60 (8.9) 19 (5.7) 41 (11.9) 0.044
Normal 540 (79.9) 274 (82.8) 266 (77.1)

Overweight 46 (6.8) 22 (6.6) 24 (7.0)

Obesity 30 (4.4) 16 (4.8) 14 (4.1)

BFP (%)* 20.36+4.73 20.33+4.68 20.38+4.79 0.291
Muscle mass (%)* 76.65+4.66 76.52+4.35 76.77+4.94 0.619
FFM (%)* 79.64+4.73 79.67+4.67 79.62+4.77 0.173
MVPA (min/day)* 47.53+22.47 51.01+23.91 44.20+20.48 <0.001
Sleep duration (min)* 573.89+66.32 570.11+62.47 577.51+69.70 0.077
Sleep efficiency (%)* 97.32+1.50 97.19+1.70 97.44+1.25 0.280
WASO (min)* 14.29+6.32 14.61+6.66 13.97+5.97 0.392
Number of awakenings* 5.05+2.14 5.21+£2.22 4.90+2.04 0.122
Number of sleep periods* 7.31+1.20 7.29+1.20 7.33+1.21 0.916
Significant associations are highlighted in bold.

*Mean+SD.

tn (%).

BFP, body fat percentage; BMI, body mass index; FFM, fat-free mass; MVPA, moderate to vigorous physical activity; WASO, wake after sleep

onset.

it was necessary to examine the associations between
objectively measured sleep parameters and physical
activity with body composition, including body fatness,
as sleep disturbance and childhood obesity are serious
health problems.?”” The present results showed that in
total sample of children aged from 5 to 6 years, lower
sleep duration and sleep efficiency were significantly
associated with higher BFP and BMI, and lower FFM and
muscle mass. The number of sleep periods was directly
associated with BFP and BMI, and inversely associated
with FFM and muscle mass. Moreover, BFP were inversely
associated with MVPA. There were no significant associa-
tions between the WASO and body composition indices.
In the general population, the literature is generally
supportive of an association between the increased prev-
alence of sleep curtailment and the childhood obesity
epidemic.”®* Cross-sectional'”***! as well as longitudinal
studies”** have found that short sleep duration is associ-
ated with weight gain, higher BMI values and increased
odds of being overweight or obese. This is supported also
by meta-analyses® * *; notwithstanding, some authors
have not reached this conclusion. For example in a
sample of children living in resource-limited settings in
Peru, there was no association between short sleep dura-
tion and obesity.”® Moreover, it has been reported that
association between sleep duration and obesity is not
consistent in boys and girls, as some studies have reported

this finding only in boys.”” *® Some studies discovered a
relatively linear negative association between sleep dura-
tion and obesity’’; however, others showed a U-shaped
association that implicates both short and long sleep
duration.” Results of our study suggested that of sleep
duration, sleep efficiency and number of sleep periods
showed association with all body composition indices.
Sleep duration showed the strongest associations with
all body composition indicators, both in unadjusted and
adjusted models. Several possible explanations have been
presented to explain the biological plausibility of these
associations. Sleep plays a critical role in metabolic and
endocrine regulation and short sleep is associated with
changes in metabolism.” Insufficient sleep may lead
to endocrine alternation,” including decreased levels
of leptin, glucose tolerance and insulin sensitivity and
increased levels of ghrelin, hunger and appetite.*> More-
over, evidence suggests a link between short sleep and
specific behaviour, such as low level of physical activity,
high level of sedentary behaviour* and food intake.**
This relationship is explained by energy balance hypoth-
esis, which says that short sleep causes additional energy
expenditures, thereby causing the body to automatically
reserve energy through reducing activity and increasing
food intake.”

The linear regression models of the present study
suggested an association between FFM and muscle mass
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Table 2 Independent association of sleep parameters and MVPA with body composition indices
BFP FFM Muscle mass BMI
Variables B Pvalue R? B Pvalue R? B Pvalue R? B Pvalue R?
Sleep duration
Model 1 -0.013 <0.001 0.034 0.011  <0.001 0.021 0.013 <0.001 0.032 -0.006 <0.001 0.044
Model 2 -0.013 <0.001 0.040 0.010 <0.001 0.025 0.012 <0.001 0.041 -0.005 <0.001 0.051
Model 3 -0.013 <0.001 0.053 0.011  <0.001 0.029 0.012 <0.001 0.047 -0.006 <0.001 0.055
Sleep efficiency
Model 1 -0.350 0.004 0.012 0.256 0.039 0.006 0.302 0.012 0.009 -0.121 0.007 0.011
Model 2 -0.359 0.003 0.020 0.271 0.029 0.012 0.307 0.010 0.020 -0.114 0.012 0.017
Model 3 -0.311 0.011 0.028 0.245 0.050 0.014 0.277 0.022 0.024 -0.105 0.022 0.019
WASO
Model 1 0.040 0.160 0.003 -0.044 0.129 0.003 -0.017 0.543 0.001 0.010 0.349 0.001
Model 2 0.043 0.134 0.010 -0.047 0.106 0.008 -0.019 0.499 0.011 0.009 0.422 0.008
Model 3 0.031 0.285 0.021 -0.041 0.167 0.011  -0.011 0.705 0.016 0.006 0.571  0.011
Number of awakenings
Model 1 0.180 0.034 0.007 -0.164 0.059 0.005 -0.139 0.098 0.004 0.051 0.109 0.004
Model 2  0.185 0.030 0.014 -0.171 0.049 0.010 -0.138 0.099 0.015 0.047 0.139 0.010
Model 3  0.156 0.068 0.024 -0.155 0.076 0.013 -0.119 0.157 0.019 0.041 0.196 0.013
Number of sleep periods
Model 1 0.479 0.002 0.015 -0.453 0.003 0.013 -0.517 0.001 0.018 0.161 0.004 0.012
Model 2 0.463 0.002 0.021 -0.440 0.004 0.017 -0.501 0.001 0.027 0.167 0.003 0.020
Model 3  0.425 0.005 0.031 -0.419 0.007 0.019 -0.477 0.001 0.031 0.160 0.004 0.023
MVPA
Model 1 -0.024 0.003 0.013 0.015 0.073 0.005 0.015 0.052 0.006 -0.004 0.233 0.002
Model 2 -0.023 0.004 0.019 0.013 0.107 0.008 0.015 0.054 0.016 -0.005 0.122  0.011
Model 4 -0.024 0.003 0.053 0.014 0.089 0.029 0.000 <0.001 0.059 -0.005 0.091 0.055

Model 1: unadjusted model; model 2: adjusted for age and gender; model 3: adjusted for age, gender and MVPA, model 4: adjusted for age,

gender and sleep duration.
Significant associations are highlighted in bold.

BFP, body fat percentage; BMI, body mass index; FFM, fat-free mass; MVPA, moderate to vigorous physical activity; WASO, wake after sleep

onset.

with sleep duration, sleep efficiency and number of
sleep periods. Moreover, model adjusted for age, gender
and sleep duration showed positive association between
muscle mass and MVPA. However, no association was
found between FFM and MVPA. Nonetheless, the correla-
tion matrix additionally indicated an associations between
all body composition indices and MVPA; however, these
associations were very weak. The relationship of physical
activity with muscle mass and FFM is poorly understood
especially in paediatric population. Cross-sectional studies
showed contradictory findings. Collings et alfound that in
preschoolers, physical activity variables including MVPA,
were positively correlated with lean mass, but correlations
were not statistically significant and there was no discern-
ible pattern toward stronger correlations for higher-
intensity physical activity."® However, Janz et al observed
a positive association between MVPA and FFM in girls.47
The association between sleep indices with FFM and

muscle mass remains inconsistent. Results of the present
study support the previous findings obtained in Korean
adolescent boys, whose self-reported sleep duration was
positively with muscle mass."” Among children aged from
3 to 4 years, shorter sleep duration was associated with
higher FFM,"" while the FLAME study of children aged
3-7 years, demonstrated no relationship between sleep
duration and FFM.’

Using a multivariate structural equation modelling,
Bailey et al found that a model including sleep efficiency,
sleep pattern inconsistency (latent variable consisting
of the 7-day SD of bedtime, wake time, and sleep dura-
tion), and physical activity was the best for predicting
BFP.! Wirth et al determined relationships between poor
sleep characteristics (ie, short sleep duration, low sleep
efficiency, greater WASO) and BMI or body fat in adults.
Individuals representing ‘unhealthy’ sleep had signifi-
cantly elevated BMI and BFP. Greater BMI and BFP were
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Table 3 Correlation matrix for sleep parameters, MVPA and body composition indices

Sleep

Muscle Sleep Sleep Awakenings periods
Parameters BFP FFM mass BMI duration efficiency WASO (n) (n) MVPA
BFP 1 -0.853* -0.824* 0795 -0.110t -0.090% 0.049"°  0.058"° 0.1161 -0.095t1
FFM -0.853* 1 0.477*  -0.702* 0.103t 0.079c  -0.052N5  —0.044NS -0.095t 0.082c
Muscle mass -0.824*  0.477* 1 -0.654* 0.109f  0.083c  -0.033"° —0.058"\° -0.126*  0.077c
BMI 0.795* -0.702* -0.654* 1 -0.156* -0.075c  0.029"°  0.036M° 0.107t -0.015"S
Sleep -0.110t  0.103t  0.109t1 -0.156* 0.303*  -0.022" —0.029"° -0.569* —0.060M
duration
Sleep -0.090f 0.079c  0.083c -0.075c 0.303* 1 -0.889* -0.769* -0.376*  0.157*
efficiency
WASO 0.049"° —0.052"S -0.033"S 0.029M° -0.022"  -0.889* 1 0.873* 0.141* -0.142"
Number of 0.058"° —0.044"° -0.058"° 0.036™° -0.029"°  -0.769* 0.873* 1 0.1061 -0.1041
awakenings
Number of 0.116+ -0.095f -0.126* 0.107t -0.569* -0.376* 0.141* 0.1061 1 -0.092¢
sleep periods
MVPA -0.095t 0.082c  0.077c -0.015"S -0.060"  0.157* -0.142* -0.104f1 -0.092t 1
*p <0.001.
tp <0.01.
Ip <0.05.

BFP, body fat percentage; BMI, body mass index; FFM, fat-free mass; MVPA, moderate to vigorous physical activity; NS, not significant;

WASO, wake after sleep onset.

associated with low sleep efficiency (BMI=25.5 vs 24.8kg/
m? BFP=27.7% vs 26.5%) and high WASO (BMI=25.6
Vs 25.Okg/m2; BFP=28.0% vs 26.7%). Elevated BMI or
BFP also were observed for shorter sleep duration, later
wake times and longer sleep latency. Gender modified
the association between wake times and body compo-
sition.® Partially different results were obtained in our
study, which suggested that WASO was not significantly
associated with any body composition indicators. Sleep-
related findings from our study are generally consistent
with findings from previous studies using self-report or
other actigraphy devices to characterise sleep, in that
poor sleep quality have been associated with increased
BMI or adipose tissue.”® * The associations of sleep
metrics with FFM and muscle mass, in the present study,
are a novel finding. FFM and muscle mass were directly
associated with sleep duration and sleep efficiency, and
inversely associated with number of sleep periods, both
in unadjusted and adjusted models. In addition, FFM
was inversely associated with number of awakenings,
and muscle mass was directly associated with MVPA after
adjusting for age, gender and sleep duration.

The hypothesis of this study was partially confirmed
because the correlation matrix showed that BFP was
inversely associated with sleep duration, sleep efficiency,
MVPA and positively associated with number of sleep
periods. FFM and muscle mass were inversely associated
with number of sleep periods, and positively associated
with sleep duration, sleep efficiency and MVPA. No asso-
ciations were found between body composition indices
with WASO and number of awakenings. These findings
support the hypothesis of a link between selected sleep

measures, physical activity and BFP, FFM and muscle
mass. The dependence of body composition on sleep
behaviour needs to be investigated in experimental and
longitudinal studies.

Findings from this study have important clinical and
public health implications. The results indicated that
children’s sleep efficiency, number of awakening and
number of sleep periods could be equally as influen-
tial on the sleep-adiposity association as the prolifically
researched sleep duration. Childhood sleep duration and
MVPA may be a modifiable risk factor in preventing alter-
nation in body composition. Interventions to improve
sleep quantity and quality could help to prevent and
control excess adiposity and alternation in body composi-
tion among children. Our results suggested a relationship
between sleep parameters, MVPA and body composition,
therefore, poor sleep quality may be a risk factor, for
example, fat tissue accumulation. On the other hand,
increased body fat and the metabolic abnormalities may
contribute to poor sleep quality. For instance, evidence
suggested an association between altered glucose metab-
olism, fat tissue and poor sleep quality.” Indeed, evidence
have linked short sleep duration and poor sleep quality
to excess weight risk; however, the underlying mecha-
nism remains unclear.”’ Further longitudinal studies are
needed to provide insight into cause and effect. Under-
standing the complex relationships between sleep metrics
and body composition indices could help to reduce the
burden of obesity-related diseases by incorporating sleep
components into weight loss interventions.

There are several strengths and limitations with the
current study. Body composition was measured by using
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the BIA method that has demonstrated excellent test—
retest reliability, moderately strong absolute agreement
with DEXA, and high specificity for overfat and obese
classification.”” Another strength of this study was the
use of hip worn accelerometers for assessment of MVPA
and sleep quantity metrics. However, despite the fact
that accelerometers can be used to assess physical activity
and sleep, hip worn accelerometers for assessment of
sleep quality metrics (sleep efficiency, WASO) can be
recognised as a limitation of our study. According to a
validation study with polysomnography in young chil-
dren, a best site placement to estimate of all sleep param-
eters could not be determined, but overall the results
suggested accelerometers at the hip may be superior for
sleep timing and quantity metrics, whereas the wrist may
be superior for sleep quality metrics.”’ Another validation
study among adult aged 50-75 years also indicated that
for sleep duration, sleep efficiency, and WASO hip esti-
mates differed significantly from polysomnography esti-
mates.” Another limitation of the study is cross-sectional
design, thus the causal pathways underlying the observed
relationships could hardly be detected. Energy intake was
not adjusted for in analyses, which may compromise the
results. Although measures of energy intake would have
enriched our ability to interpret the results, lack of those
measures and obtaining strong associations between sleep
parameters and MVPA with body composition, does not
negate the relevance of this study to public health. Short
sleeping periods during the day (naps) and sedentary
time was not analysed in present paper which could be
recognised as another limitation of the study and recom-
mendation for future research.

Future research should include a greater emphasis on
longitudinal studies to examine how objectively measured
sleep and fat content vary by age within an individual over
time, taking into account possible confounding factors.
Multiple longitudinal cohorts with different ages of
participants would help to corroborate and extend our
findings. Further research should also seek underlying
mechanisms.

CONCLUSIONS

In conclusion, lower sleep duration and sleep efficiency
were associated with higher BFP and BMI, and lower FFM
and muscle mass. Higher number of sleep periods was
associated with higher BFP and BMI, and lower FFM and
muscle mass. Negative association was observed between
BFP and MVPA. Periodic assessment of sleep parameters
and physical activity in relation to body composition in
preschool children may be considered, especially in those
who are at risk for obesity.
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