
Environmental Health and
Preventive Medicine

Gába et al. Environmental Health and Preventive Medicine  (2017) 22:43 
DOI 10.1186/s12199-017-0629-4
RESEARCH ARTICLE Open Access
Associations between accelerometer-
measured physical activity and body
fatness in school-aged children

Aleš Gába*, Josef Mitáš and Lukáš Jakubec
Abstract

Background: The main aim of the study was to examine the cross-sectional associations between objectively
measured physical activity (PA) and body fatness in 7–12-year-old children.

Methods: We performed an analysis of 365 children (209 girls). Participant recruitment was performed in eight
randomly selected elementary schools in cities and towns with various numbers of inhabitants. The body
composition analysis was performed according to a multi-frequency bioelectrical impedance analysis; PA was
monitored using an accelerometer.

Results: In terms of the overall PA, boys were more active than girls. No significant associations (unadjusted and
adjusted models) were found between light PA and all body fatness indicators in either sex. Moderate-to-vigorous
PA was significantly negatively associated with all body fatness indicators only in girls. These associations
strengthened after adjustment for age, height and sedentary time (β ranging from –0.49 to –0.36, P ≤ 0.01). In
contrast, vigorous PA was strongly negatively associated with body fatness indicators only in boys. In the fully
adjusted model the significant negative associations were found for fat mass percentage (β = –0.15, P = 0.048) and
fat mass index (β = –0.15, P = 0.040).

Conclusions: The present study suggests that increasing sex-specific PA of different intensities may be an
appropriate approach for decreasing body fatness in children. Longitudinal studies are needed to verify
these associations.

Keywords: Body composition, Body fat distribution, Body mass index, Pediatric obesity, Moderate-to-vigorous
physical activity
Background
During the last three decades, the global prevalence of
obesity has doubled [1]. Although there is evidence for a
slower increase in the prevalence of overweight and
obesity in selected population groups in developed
countries [2, 3], the number of individuals with over-
weight and obesity is rapidly increasing in middle- and
low-income countries, particularly in urban settings [4].
It is estimated that more than 90 million of children
aged 5–17 years will be obese by 2025 if effective policy
interventions do not change the current trends [5].
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For a long time, the Czech Republic has been among
the European countries with a high prevalence of
overweight and obesity in all age categories, and it is
estimated that 18% of girls and 22.3% of boys younger
than 20 years are overweight and obese [6]. A continu-
ous increase in the prevalence of overweight and obesity
in Czech children and adolescents was observed between
1951 and 2001 [7, 8]; in the last decade, this trend was
confirmed by the results of the Health Behavior in
School-aged Children study [9].
Scientific evidence clearly demonstrates that over-

weight and obesity in childhood and adolescence have
adverse consequences on premature mortality and phys-
ical morbidity in adulthood [10]. For this reason, limiting
or even stopping the global increase in the prevalence of
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childhood obesity is considered one of the main chal-
lenges of today’s society. Physical activity (PA) appears
to be an important component for preventing obesity
[11, 12]. Many authorities agree that children and
adolescents should perform at least 60 min∙day−1 of
moderate-to-vigorous physical activity (MVPA) [13–16].
Unfortunately 80% of youths do not meet this re-
commendation worldwide [17] and the transition from
childhood to adolescence is accompanied by a significant
decrease in habitual PA [18, 19].
Regarding the fact that PA is one of the main modifi-

able obesogenic behaviors, the associations between PA
and body fatness have been widely studied. Unfortu-
nately, comparing the results of different studies is chal-
lenging, especially due to inconsistences in the methods
used for the assessment of body fatness and PA level.
Several studies used simple anthropometric proxies for
body fatness as outcomes (e.g. BMI, BMI z-score)
and/or self-reported methods for PA assessment rather
than more precise measures. The accuracy of self-reports
remains still questionable; therefore, precise instruments
must be used to gain accurate measures of associations
between PA and total and regional body fatness.
Pooling the results from different studies support the

hypothesis of an overall protective effect of PA on body
fatness in children and adolescents [20, 21]. With
respect to sexual dimorphism in total adiposity and its
regional distribution during childhood [22], sex is one of
the main factors influencing the strength of associations.
Although a majority of cross-sectional [23, 24] and
prospective studies [25] confirmed a sex-specific associ-
ation between PA and body fatness, there are also
studies that report no differences between girls and boys
[26, 27]. Similarly, PA components (e.g., intensity, fre-
quency, energy expenditure) have a significant influence
on the associations between PA and body fatness. Scien-
tific evidence shows that higher intensity PA is more
protective against excess body fatness than total activity
[21, 24–27] and this relationship seems to be independ-
ent of sedentary time [28]. Understanding the role of the
above-mentioned factors may be essential for primary
and secondary prevention of childhood obesity and its
comorbidities. Therefore, the main purpose of this study
was to examine the cross-sectional associations between
objectively measured PA with various intensities and
body fatness, represented as fat mass (FM), fat mass
percentage (FM%), fat mass index (FMI) and visceral
adipose tissue (VAT), separately in a sample of Czech
girls and boys aged from 7 to 12 years.

Methods
Participants
We randomly selected 24 elementary schools in the
eastern part of the Czech Republic (Moravia region) to
investigate the body composition (BC) and PA in grades
2 to 5 pupils. The selection did not include sports
schools (sports academies) or schools for pupils with
special educational needs. A total of 8 elementary
schools consented to the research (33% response rate).
To ensure a representative sample, the schools were
selected in cities and towns of various numbers of
inhabitants [≥100 000 (N = 4), ≥25 000 (N = 2), ≥5 000
(N = 1) and <5 000 (N = 1)].
The main inclusion criteria were age (7–12 years) and

a good health condition. Basic information about the
objectives and content of the research study were
presented to the parents using an information booklet.
The parents were also given a telephone number to
inquire about any additional information or to clarify
the objective and extent of the study. In this way, we ad-
dressed ~1 600 parents, and 620 of them agreed for their
children (N = 632) to participate in the research (~39%
response rate) and provided written consent. If children
reported medical complications that could influence the
results of the measurement of BC and PA, a full examin-
ation was performed for ethical reasons; however, the
results were not included in the final analysis. The basic
sample description is shown in Table 1. To eliminate
seasonal fluctuations in BC and PA, the research study
was performed in two relatively similar seasons (spring
and autumn).

Body composition measurement
BC was assessed with a multi-frequency bioelectrical
impedance analysis using the manufacturer’s equation.
BC assessment using the InBody 720 device (Biospace
Co., Ltd., Seoul, Korea) is considered highly precise for
measuring BC in children [29]. The InBody 720 device
measures the resistance in broadband frequencies
(1–1000 kHz) and reactance in mean frequencies (5–
250 kHz). All measurements were performed with alter-
nating currents of 90 μA (1 kHz) and 400 μA (other
frequencies). The measurement was performed in a stand-
ing position while the participant was barefoot and wear-
ing light indoor clothing. To maintain examination
validity, the study participants were instructed to fast for
at least 4 h and maintain proper hydration for at least
24 h before the examination. One field worker performed
the BC measurement on school premises during the
morning hours (8:00–11:30).

Anthropometric measurement
The standing height was measured before BC measure-
ment using a standard procedure with an accuracy of
0.1 cm by means of Anthropometer P-375 (Trystom,
Olomouc, Czech Republic). Body weight was measured
using the InBody 720 instrument with an accuracy of
0.1 kg. Sex- and age-specific BMI values were used to



Table 1 Descriptive characteristics of the participants, weight and physical activity status

Girls
(N = 209)

Boys
(N = 156)

Mean SD 95% CI Mean SD 95% CI

Age and anthropometrics

Age, years 9.8 1.3 9.6 to 10.0 9.9 1.2 9.7 to 10.0

Body height, cm 142.5 8.9 141.3 to 143.7 143.8 9.4 142.3 to 145.2

Body weight, kg 35.8 8.8 34.6 to 37.0 37.4 9.2 36.0 to 38.9

BMI, kg · m−2 17.4 2.8 17.0 to 17.8 17.9 2.8 17.4 to 18.3

Weight status, N (% of N)a

Underweight 9 (4) 8 (5)

Normal weight 152 (73) 113 (73)

Overweight 26 (12) 25 (16)

Obesity 22 (11) 10 (6)

Physical activity

Sedentary time, min · d−1 394.4 51.7* 387.4 to 401.5 379.3 48.5 371.6 to 386.9

Light physical activity, min · d–1b 106.8 27.3* 103.1 to 110.5 117.0 36.2 111.2 to 122.7

MVPA, min · d–1b 37.4 16.7* 35.1 to 39.6 46.7 21.3 43.4 to 50.1

Vigorous physical activity, min · d–1b 5.3 6.6 4.4 to 6.2 5.2 5.9 4.3 to 6.2

Steps per day 10 465 2 394* 10 138 to 10 791 11 176 2 949 10 709 to 11 642

Physical activity status

Achieve ≥60 min · d−1of MVPA, N (% of N) 17 (8) 34 (22)

Number of days with wear time ≥10 hc 6 (1) 6 (1)

Wear time, h · d−1 12.8 0.9 12.7 to 12.9 13.0 0.9 12.9 to 13.2

N number of participants, SD standard deviation, CI confidence interval, BMI body mass index, MVPA moderate-to-vigorous physical activity
*Significantly different from boys, independent samples t-test, P < 0.05
aCategories were defined by sex- and age-specific cut-off points for BMI
bValues were transformed to natural logarithms before analysis
cExpressed as the median and interquartile range
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categorize participants as underweight [30], normal
weight, overweight or obese [31]. FMI was calculated by
dividing the FM by height squared.

Physical activity measurement
PA of various intensities was monitored seven consecu-
tive days by a hip-worn accelerometer ActiGraph (Acti-
Graph, LLC., FL, USA), the use of which is considered
sufficiently valid in children [32]. The accelerometers
were given to the children immediately after completing
the BC assessment. Information about the correct wear-
ing of the accelerometer was explained before the first
attachment; this information was given to the parents in
written form so that they could check and correct the
attachment on a regular basis. The children were fur-
ther instructed to attach the accelerometer in the
morning, right after waking up and to detach the accel-
erometer in the evening, before going to bed or when-
ever they came into contact with water (e.g., swimming
or taking a shower).
Before testing, each accelerometer was calibrated

according to the manufacturer’s recommendations. The
time sampling interval was set at 60 s. Sedentary time,
time spent in light PA (LPA), MVPA and vigorous PA
(VPA) were calculated from raw accelerometer data (i.e.
counts) using the cut-off points defined by Evenson
et al. [33]. For data to be considered valid, the following
two criteria were established: a minimum of 10 h of
wearing time per day and at least 4 days including one
weekend day of recoded PA. The mean wearing time
was 12.9 ± 0.9 h∙d−1, and 65% of all children had 6 or 7
valid days. Two hundred and sixty-seven children were
excluded from the analysis. These children did not
achieve the wearing time criteria or their data could not
be assessed due to technical failures during downloading
or loss of the device. Therefore, the final sample con-
sisted of 365 children. The basic PA characteristics are
displayed in Table 1.

Data analysis
All calculations were made using SPSS software, version
21 (SPSS for Windows; SPSS, Chicago, IL). The des-
criptive statistics of the outcome measures are presented
as the mean, standard deviation and 95% confidence



Gába et al. Environmental Health and Preventive Medicine  (2017) 22:43 Page 4 of 8
interval unless stated otherwise. Statistical data analysis
was performed separately for girls and boys because
previous studies indicated that the association between
PA and BC in children was sex-specific [23, 24, 34]. All
analyses were 2-tailed and were performed with the
alpha value set at 0.05. Due to the skewed nature of
VAT, LPA, MVPA and VPA, we used the natural
logarithm in all statistical analyses.
The differences in PA and anthropometric characteris-

tics between girls and boys were assessed using inde-
pendent samples t-test after testing the homogeneity of
variances with Levene’s test; to compare the categorical
factors (sex, weight and PA status), Pearson’s Chi-square
test was used. To compare the differences in body fat-
ness indicators, the individuals were divided into three
groups (tertiles) according to the MVPA values. The cut-
off points of the tertiles were 28.8 and 41.1 min∙d−1 for
girls and 39.8 and 51 min∙d−1 for boys. To assess the
significance of the differences in the average values of
the body fatness indicators between the tertiles, Fisher’s
LSD post hoc test was used after a one-way analysis of
variance. A linearity tests were applied for the initial
verification of a possible associations (trend).
We examined the associations of LPA, MVPA and

VPA with body fatness indicators using a linear regres-
sion analysis that was adjusted for potential confounding
variables. To compare the regression coefficients across
the outcome measures, we used standardized values
(Z-score). Model 1 represents an explorative (unadjusted)
model, which does not consider the possible influence of
confounders. Model 2 was adjusted for model 1 and age.
Regarding the fact that there was a strong quadratic
relationship between the FM and body height for both
sexes, for these parameters, model 2 was also adjusted for
body height to eliminate the effect of various body heights.
Model 3 was adjusted for model 2 and sedentary time to
determine whether the associations between PA of differ-
ent intensities and body fatness indicators were independ-
ent of sedentary time.

Results
Of the total number of 632 children whose parents
provided written consent, the final analysis included 365
(58%) children with an average age of 9.8 ± 1.3 years. The
descriptive characteristics for these participants, grouped
by sex, are displayed in Table 1. The mean age, body
height, weight and BMI did not differ between the groups
of girls and boys. Girls reported 15.1 min∙d−1 more seden-
tary time than boys (t = 2.85; P = 0.005), while boys accu-
mulated a higher level of light PA (t = –3.07; P = 0.002),
MVPA (t = –4.48; P < 0.001) and steps per day (t = –2.54;
P = 0.011) than girls. We found a significant association
between sex and achievement of the recommended level
of MVPA per day (χ2 = 13.87; P < 0.001).
Although a significant difference in body fatness indi-
cators between the MVPA tertiles was observed only in
FM% in girls (F = 3.09; P = 0.048), a typical feature of
both sexes was that the values of FM, FM%, FMI and
VAT were significantly higher in the first tertile
compared with the third tertile (Table 2). Moreover, we
confirmed a linear trend for these variables, except FM
in girls, where the selected level of significance was
slightly exceeded (Ptrend = 0.051).
The raw and adjusted associations of different inten-

sities of PA with body fatness indicators are shown in
Tables 3 and 4. No significant associations were found
between LPA and all body fatness indicators in either
sex, even though sedentary time was taken into consid-
eration as a covariate in the fully adjusted model. In
girls, MVPA was significantly negatively associated with
body fatness, represented by the FM, FM%, FMI and
VAT (β = –0.46 to –0.32; all P < 0.05); this association
strengthened after adjusting for age and body height
(β = –0.51 to –0.38; all P < 0.05) and was independent
of sedentary time. In boys, we observed a negative,
non-significant association between MVPA and all body
fatness indicators (β = –0.31 to –0.28; all P > 0.05); the
association weakened after the model was adjusted for all
confounding factors. Strong associations between VPA
and body fatness indicators were found in boys, but there
were no strong associations in girls. VPA was strongly as-
sociated with FM (β = –0.16, P = 0.029), FM% (β = –0.16,
P = 0.034) and FMI (β = –0.16, P = 0.027) in the
unadjusted model. After adjusting the model for all
confounding factors, VPA was significantly associated with
FM% (β = –0.15, P = 0.048) and FMI (β = –0.15, P = 0.040).
Finally, the risk of collinearity was tested to avoid bias
of regression models. We found a weak correlation
(Pearson’s r ranging from –0.12 to 0.13) between seden-
tary time and time spent in PA of different intensities
which could not have a profound effect on the esti-
mated associations.

Discussion
In the present study we observed a decrease in body
fatness in both girls and boys represented by FM, FM%,
FMI and VAT, from the first to the third tertile, which
was determined according to an average MVPA level per
day. A regression analysis revealed a strong negative
association between objectively measured PA and all
body fatness indicators. These associations were sex-
specific and were independent of potential confounding
factors including sedentary time. A significant associ-
ation between MVPA and body fatness indicators was
observed only in girls; the association strengthened after
adjustment for covariates. On the contrary, VPA was
strongly associated with body fatness represented by
FM% and FMI in boys.



Table 2 Differences in body fatness indicators between differentially active children grouped by sex

First tertile Second tertile Third tertile F PMVPA Ptrend

Mean SD Mean SD Mean SD

Girls (N = 209)

Fat mass, kg 7.9 5.5* 6.9 4.4 6.4 3.9 1.97 0.142 0.051

Fat mass, % 20.1 8.5* 18.1 7.3 16.9 7.1 3.09 0.048 0.015

Fat mass index, kg · m−2 3.8 2.4* 3.3 1.9 3.1 1.8 2.37 0.096 0.035

Visceral adipose tissue, cm2a 37.3 27.3* 31.4 22.6 28.0 21.8 2.26 0.107 0.036

Boys (N = 156)

Fat mass, kg 7.8 5.8* 6.7 5.2 5.7 3.8 2.21 0.113 0.038

Fat mass, % 18.4 8.9* 16.1 8.3 15.0 7.0 2.36 0.092 0.035

Fat mass index, kg · m−2 3.6 2.4* 3.1 2.3 2.8 1.7 2.12 0.123 0.044

Visceral adipose tissue, cm2a 42.3 32.0* 34.4 26.5 28.3 21.0 2.42 0.092 0.030

The cut-off points of the tertiles were 28.8 and 41.1 min · d−1 for girls and 39.8 and 51 min · d−1 for boys
N number of participants, SD standard deviation, MVPA moderate-to-vigorous physical activity, PMVPA P-value for one-way analysis of variance, Ptrend P-value for
linearity test
*Significantly different from the third tertile, Fisher’s LSD post-hoc test after one-way analysis of variance, P < 0.05
aValues were transformed to natural logarithms before analysis
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The results presented in this manuscript correspond
with the conclusions of a systematic review by Jiménez-
Pavón et al. [20], who compared a total of 48 studies on
the associations between PA and body fatness in chil-
dren. A majority of analyzed studies confirmed a strong
negative association between objectively measured PA
and body fatness, which seems to be influenced by
a number of factors. In contrast to our results, Ekelund
et al. [35] confirmed that although the accumulated
amount of time spent in MVPA is related to FM, this
Table 3 Associations between physical activity of different intensitie

Fat mass
(kg)

Fat mass
(%)

βb (95% CI) P-value βb (95% CI) P-va

LPAa

Model 1 −0.03 (–0.56, 0.50) 0.901 −0.06 (–0.59, 0.47) 0.81

Model 2 0.47 (–0.03, 0.97) 0.062 0.15 (–0.40, 0.69) 0.59

Model 3 0.41 (–0.09, 0.92) 0.107 0.07 (–0.49, 0.62) 0.81

MVPAa

Model 1 −0.37 (–0.65, –0.09) 0.010 −0.46 (–0.74, –0.18) 0.00

Model 2 −0.47 (–0.72, –0.22) <0.001 −0.51 (–0.78, –0.23) <0.0

Model 3 −0.46 (–0.71, –0.21) <0.001 −0.49 (–0.76, –0.22) <0.0

VPAa

Model 1 −0.04 (–0.15, 0.07) 0.508 −0.08 (–0.19, –0.04) 0.18

Model 2 −0.06 (–0.15, 0.04) 0.273 −0.09 (–0.20, 0.02) 0.12

Model 3 −0.05 (–0.15, 0.05) 0.287 −0.09 (–0.20, 0.03) 0.13

Model 1 – unadjusted (raw) model
Model 2 – model 2 was adjusted for age and body height
Model 3 – model 3 was adjusted for model 2 and sedentary time
CI confidence interval, LPA light physical activity, MVPA moderate-to-vigorous physi
aValues were transformed to natural logarithms before analysis
bβ gives the regression coefficient of the standardized values (Z-score) for each var
relationship was weak because the explained variance
was less than 1%. Similar conclusions were formulated
by Rowlands et al. [26], who claimed that a greater level
of accumulated MVPA was not associated with less
FM% in either of the sexes. On the other hand, Ness
et al. [24] observed strong negative associations between
MVPA and total PA and FM in both sexes. Compared
with girls, the associations in boys were stronger,
particularly those of MVPA compared with total PA.
Strong negative associations between MVPA and FM%,
s and body fatness indicators Z-scores in girls (N = 209)

Fat mass index
(kg · m−2)

Visceral adipose tissuea

(cm2)

lue βb (95% CI) P-value βb (95% CI) P-value

7 0.10 (–0.43, 0.64) 0.699 −0.30 (–0.83, 0.23) 0.268

6 0.33 (–0.21, 0.88) 0.229 −0.03 (–0.57, 0.51) 0.903

2 0.27 (–0.28, 0.82) 0.332 −0.10 (–0.64, 0.45) 0.731

1 −0.44 (–0.72, –0.16) 0.002 −0.32 (–0.60, –0.04) 0.026

01 −0.48 (–0.76, –0.21) <0.001 −0.38 (–0.65, –0.10) 0.008

01 −0.47 (–0.75, –0.20) 0.001 −0.36 (–0.64, –0.09) 0.010

1 −0.05 (–0.16, 0.06) 0.367 −0.06 (–0.18, 0.06) 0.349

2 −0.06 (–0.17, 0.05) 0.269 −0.07 (–0.19, 0.05) 0.228

0 −0.06 (–0.17, 0.05) 0.282 −0.07 (–0.18, 0.05) 0.238

cal activity, VPA vigorous physical activity

iable



Table 4 Associations between physical activity of different intensities and body fatness indicators Z-scores in boys (N = 156)

Fat mass
(kg)

Fat mass
(%)

Fat mass index
(kg · m−2)

Visceral adipose tissuea

(cm2)

βb (95% CI) P-value βb (95% CI) P-value βb (95% CI) P-value βb (95% CI) P-value

LPAa

Model 1 −0.27 (–0.77, 0.23) 0.281 −0.28 (–0.77, 0.22) 0.272 −0.22 (–0.72, 0.27) 0.375 −0.29 (–0.78, 0.21) 0.260

Model 2 −0.07 (–0.55, 0.40) 0.757 −0.16 (–0.68, 0.36) 0.540 −0.09 (–0.61, 0.44) 0.747 −0.08 (–0.60, 0.43) 0.754

Model 3 −0.07 (–0.55, 0.41) 0.781 −0.16 (–0.69, 0.37) 0.544 −0.08 (–0.60, 0.45) 0.779 −0.12 (–0.64, 0.40) 0.653

MVPAa

Model 1 −0.28 (–0.61, 0.06) 0.104 −0.31 (–0.64, 0.03) 0.071 −0.28 (–0.61, 0.05) 0.098 −0.30 (–0.63, 0.03) 0.078

Model 2 −0.25 (–0.55, 0.06) 0.111 −0.27 (–0.61, 0.06) 0.111 −0.24 (–0.58, 0.09) 0.158 −0.24 (–0.57, 0.09) 0.155

Model 3 −0.26 (–0.56, 0.05) 0.103 −0.28 (–0.61, 0.06) 0.109 −0.25 (–0.59, 0.09) 0.145 −0.22 (–0.55, 0.11) 0.193

VPAa

Model 1 −0.16 (–0.30, –0.02) 0.029 −0.16 (–0.30, –0.01) 0.034 −0.16 (–0.30, –0.02) 0.027 −0.12 (–0.27, 0.03) 0.119

Model 2 −0.12 (–0.25, 0.01) 0.071 −0.15 (–0.29, –0.01) 0.048 −0.15 (–0.29, –0.01) 0.039 −0.10 (–0.25, 0.05) 0.175

Model 3 −0.12 (–0.25, 0.01) 0.073 −0.15 (–0.29, –0.01) 0.048 −0.15 (–0.29, –0.01) 0.040 −0.10 (–0.25, 0.04) 0.168

Model 1 – unadjusted (raw) model
Model 2 – model 2 was adjusted for age and body height
Model 3 – model 3 was adjusted for model 2 and sedentary time
CI confidence interval, LPA light physical activity, MVPA moderate-to-vigorous physical activity, VPA vigorous physical activity
aValues were transformed to natural logarithms before analysis
bβ gives the regression coefficient of the standardized values (Z-score) for each variable
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independent of sedentary time, were observed in Canadian
children in the QUALITY cohort study [28]. There is also
evidence suggested by prospective studies on the associa-
tions of PA with body fatness in children. In a recent
cohort study, Ramires et al. [25] showed a protective effect
of self-reported VPA on FM only in boys, which corre-
sponds with our results. Moreover, a few prospective
studies used objective monitoring of PA. For example,
Riddoch et al. [27] found that a higher level of
accelerometer-determined MVPA at the age of 12 was
prospectively associated with lower levels of FM in early
adolescence in both sexes.
Although more MVPA might be strongly associated

with lower FM, it appears that this association depends
on the amount of VPA, which promotes larger energy
costs and seems to be an important component for
preventing obesity [36]. In our study, a larger level of
accumulated VPA was associated with lower body
fatness in boys. For both sexes, this trend was confirmed
in a study by Dencker et al. [37]. In this study, the
authors observed a significant negative association be-
tween VPA and FM% in Swedish children. The associ-
ation strengthened after adjusting for sex; no significant
associations were found for moderate PA. Likewise,
Rowlands et al. [26] observed significant correlations
between total PA and VPA and FM% in both sexes.
The results presented in this study indicate that the

strength of the association between PA and body fatness
is also influenced by sex. We observed a significant asso-
ciation between MVPA and body fatness in girls, while
there was a strong association for VPA in boys. The
effect of sex on the association between PA and body
fatness is also confirmed by Treuth et al. [23], who state
that greater sedentary time was associated with greater
FM% and that more time spent in light PA was associ-
ated with lower FM% in girls, which was not the case for
boys. By contrast, Saelens et al. [34] described stronger
associations between total PA and body fatness in boys,
even for VAT, which is associated with a higher risk of
medical complications than subcutaneous fat. As far as
VAT is concerned, this study revealed a significant asso-
ciation for MVPA in girls. A typical feature of the moni-
tored age category is an increase in body weight. In
comparison with boys, the age-related increase in body
weight in girls is caused particularly by a gain in FM
rather than a gain in fat-free mass [38]. These results
correspond with our study in which girls reported
significantly more FM% (unpublished data) than boys.
Thus, the differences in the association between PA and
body fatness might be affected by specific development
of each sex during childhood.
There are several limitations that should be considered

when interpreting the findings of the present study.
First, in the case of PA assessment, accelerometer epoch
lengths must be considered. Just as in our study,
research focusing on PA in children usually has a 60-s
epoch [39]. However, a longer epoch might result in
underestimation of higher-intensity PA. Therefore,
a shorter epoch is recommended to obtain a more pre-
cise record of PA behavior in children and adolescents
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[40]. The proportion of individuals accumulating MVPA
≥60 min∙d−1 is relatively low in the present study (14%
of the sample) compared with previously published
values of Czech children and adolescents [9], which
could suggest underestimation of MVPA. However,
a comparison of these results is merely informative be-
cause of the different methods of determining PA (accel-
erometer vs. questionnaire). Second, the accelerometer
data reduction criteria might also present a limitation.
The minimum requirements for daily wear time (i.e.,
≥10 h∙d−1) and valid days (at least 4 days including
1 weekend day) might have a substantial impact on sam-
ple size and could result in a selection bias [41]. Moreover,
Rowlands et al. [42] reported that the level of PA in chil-
dren decreases during the weekend, while the sedentary
time increases. For this reason, MVPA and VPA could
have been underestimated in individuals who included
two weekend days (68% of the sample). Underestimation
of MVPA and VPA due to a decrease in PA during the
weekend affects especially less active children as they
report a significant increase in sedentary time and
decrease in PA of all intensities [43]. Finally, although we
checked the association between PA and body fatness in-
dicators for age, body height and sedentary time there are
other confounding factors, such as maturational status,
parental weight, PA, socioeconomic status, energy intake
and sexual maturity. These factors should also be consid-
ered when interpreting the results.
Although scientific evidence has confirmed a long-

term trend of increasing overweight and obesity preva-
lence in Czech children and adolescents [7–9], there is
lack of studies using objective methods. The potential
strength of this study is the fact that we objectively mea-
sured body fatness using a multi-frequency bioelectrical
impedance analysis and PA levels using accelerometers.
Thus, this study significantly contributes to our under-
standing of the importance of PA in the prevention of
overweight and obesity among Czech children.

Conclusions
In conclusion, we have shown a strong negative associ-
ation of accelerometer-based PA with body fatness in
Czech children who are 7 to 12 years of age. This associ-
ation seems to depend on the sex and PA intensity. In
girls, we observed a strong association between MVPA
and all body fatness indicators, while in boys, we observed
a significant adjusted association between VPA and body
fatness indicators represented by FM% and FMI. These
results support the hypothesis that higher PA levels pre-
cede increased FM gain and may help to reduce the preva-
lence of overweight and obesity in children. Longitudinal
studies are required to confirm prospective association of
PA with body fatness and to test the sex-specific benefits
of various intensities of PA on body fatness in children.
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