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Abstract

Purpose: The purpose of the present study was to determine if there were any differences in various aspects of physical activity such as energy
expenditure, intensity, and type of activity between normal-weight and overweight boys.

Methods: Children aged 9—12 years were recruited from 2 elementary schools located in different urban districts in Republic of Korea. The pres-
ent study included 45 Korean boys, of which 19 were normal-weight and 26 were overweight. Daily physical activity was estimated over the
same 1-week study period under free-living conditions using the doubly labeled water (DLW) method and a tri-axial accelerometer. Resting met-
abolic rate (RMR) was measured using the Douglas bag method and open-circuit indirect calorimetry. We calculated the physical activity level
(PAL) as the total energy expenditure (TEE)/RMR.

Results: PAL was not significantly different between the groups. In the accelerometer data, time spent in locomotive moderate-to-vigorous phys-
ical activity (MVPA) was significantly lower in overweight boys than in normal-weight subjects, whereas other variables including non-locomo-
tive activity did not differ between groups. In addition, among all participants, time spent in total locomotive activity was significantly
associated with PAL. Time spent in locomotive MVPA was significantly associated with PAL.

Conclusion: Overweight boys may be less physically active based on locomotive MVPA, which was positively related with PAL. Our findings
suggest that the contribution of locomotive MVPA to the increase in PAL was relatively significant.

© 2018 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction 1997 and 20.9% in 2005, although the number has increased
more slowly in non-school aged children of ages 2—6 years
from 14.4% to 16.3%.° One of the possible causes of the
rapid progression of obesity among Korean school children
may be the reduction in physical activity levels (PALs).
Korea has experienced rapid urbanization, consequently chil-
dren now have limited places to play close to their homes.
Meanwhile, time spent in sedentary behaviors including the
use of computers has increased in urban Korean school-
aged children and this has been associated with the risk of
obesity.”'" Childhood obesity is positively associated with
increased risk for many health issues in children such as

The prevalence of childhood obesity is steadily increasing
in the US over the past few decades, from 6.5% in 1976—1980
to around 18.0% in 2009—2010 among children of ages
6—11 years.'™ A similar trend has been seen in Asian coun-
tries,” except in Japan.’ Specifically, the number of over-
weight or obese children in Korea has progressed rapidly
among school children aged 7—12 years, reaching 12.3% in
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PAL and locomotion in Korean overweight boys

type 2 diabetes, cardiovascular disease, and psychosocial
problems.''"?

A significant target for preventing childhood obesity is
daily physical activity (PA).'* Daily PA is composed of vari-
ous aspects such as energy expenditure, intensity, and patterns.
The doubly labeled water (DLW) method is considered the
most accurate method for measuring total energy expenditure
(TEE) in free-living conditions '>'® In DLW studies among
Western children, the majority of studies showed no differen-
ces in PAL, which is the ratio of TEE to the resting metabolic
rate (RMR) between overweight and normal-weight sub-
jects.'”'® However, PAL data using the DLW method for
Asian overweight children has not yet been reported.

On the other hand, a different definition of PA, such as time
spent at moderate-to-vigorous physical activity (MVPA)
assessed by accelerometry, showed that overweight children
had much lower MVPA compared with normal-weight partici-
pants.'”” The United States Centers for Disease Control and
Prevention recommend that children should engage in 60 min
of daily MVPA for 5 out of 7 days to achieve health benefits.”'
However, evidence indicates that more than 50% of children
do not meet the recommendation of 60min of daily
MVPA.**** Thus, many intervention studies using accelerom-
eters for promoting PA among children have been per-
formed.”*’ In a randomized controlled trial, Goldfield et al.”®
clearly demonstrated that MVPA could be increased by inter-
vention using accelerometry in overweight and obese children.

Recently, our group developed an algorithm using a tri-
axial accelerometer that can discriminate locomotion from
non-locomotion PA.””*’ With this algorithm, such discrimina-
tion between locomotive and non-locomotive PA enables
more accurate evaluation of PA intensity.”'~” Locomotive
activities include activities such as walking with a backpack,
running, and stair climbing; non-locomotive activities are
activities such as performing a ball toss. Wii Tennis (swing
performance) and washing the floor are examples of activities
of daily living, especially in relation to MVPA.*'*3-* At least
in preschool children, non-locomotive time was much longer
than locomotive time during medium-intensity PA in free-
living Japanese preschool children.”> Moreover, non-locomo-
tive activities significantly contribute to TEE under free-living
conditions in the case of adults.>® Thus, we believe it would be
beneficial to understand the activity patterning of locomotion
and non-locomotion as well as intensity among children.
However, to our knowledge, examination of whether there are
differences in the time spent in activity for locomotion or non-
locomotion between overweight and normal-weight elemen-
tary school children has not been carried out.

In the present study, we combined the DLW method and tri-
axial accelerometry to determine whether there were any dif-
ferences in various aspects of daily PA with regard to energy
expenditure, intensity, and type of activity between over-
weight and normal-weight boys. Furthermore, we clarified
which types of PA, such as locomotion and non-locomotion,
were related with PAL in elementary school children. This
study will enable us to understand in more detail the possible
role of PA in childhood obesity.
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2. Methods
2.1. Experimental procedures

This study was performed in Korea in April 2010, which
was the spring season in Pohang city (Pohang study), and in
November 2013, which was the fall season in Gangneung city
(Gangneung study). Pohang city is well-known for its devel-
oped industry and higher education. Gangneung is a major tour-
ist city. The 2 cities are located near the sea. Of importance to
this study, the 2 cities have recently experienced rapid urbaniza-
tion but have a relatively inconvenient transportation system
with no subway and inconvenient bus services compared with
larger major cities such as Seoul. Many children in these areas
are forced to be driven by car to commute to school or to travel
some distance to find a place to play with friends outside. We
selected 2 elementary schools located in the most urbanized dis-
tricts in each city. The first semester of elementary school was
from March to July and the second semester was from Septem-
ber to February. In the Pohang study, we performed an experi-
mental procedure at the elementary school before the start of
the first class. In the Gangneung study, children attended the
study center of Gangneung-Wonju National University during
school holidays. On the day before the commencement of the
assessment of PA, urine samples (baseline) were collected and
body weight and height were measured. A single dose of DLW
was then given orally to each subject. After administration of
this dose, the participants were requested to also collect urine
samples 5 times on the following 8 days at the same time of
the day. The RMR was measured in the early morning 12h or
longer after the last meal during the study period. Subjects
were instructed to wear an accelerometer during the study
period and asked to keep a 3-day dietary record.

2.2. Subjects

Children aged 9—12 years were recruited from 2 elemen-
tary schools located in urban districts of Pohang and Gang-
neung, Korea. We announced this project to all teachers from
the school to recruit participants according to the following
criteria: (a) in good health, (b) not involved in hard PA such as
young athletes, (¢) living in their home prefecture 2 weeks
before and during the study. Parents were also informed that
the study concerned the measurement of daily PA and food
intake of children. A total of 49 boys were recruited in the
present study. Four boys failed to collect urine samples for
measurement and thus, the data of 45 boys (Pohang study, 25
boys; Gangneung study, 20 boys) were used in the present
study analysis. This study was conducted according to the
guidelines specified in the Declaration of Helsinki and all pro-
cedures involving human subjects were approved by the
Ethical Committee of the National Institute of Health and
Nutrition in Japan (Pohang study) and by the Ethical Commit-
tee of Gangneung-Wonju National University (Gangneung
study). A written informed consent was obtained from all sub-
jects and their parents. This study was also approved by the
School Board Officials of the 2 elementary schools prior to
starting the studies.
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2.3. Anthropometry and classification of obesity

Body weight was measured to the nearest 0.1 kg and height
to the nearest 0.1 cm, in individuals wearing the lightest cloth-
ing, with underwear and no shoes. Body mass index (BMI)
was calculated as body weight (kg) divided by the square of
body height (m?). Using age- and sex-specific BMI percentiles
based on the 2007 Korean national growth charts, we defined
overweight as a BMI at or above the 85th percentile, obese as
a BMI at or above the 95th percentile, and normal-weight as
less than the 85th percentile.’’

2.4. Measurement of energy expenditure and body
composition

The single dose of DLW was composed of approximately
0.06 g/kg body weight of H,0 (99.8 atom%; Cambridge Iso-
tope Laboratories, Andover, MA, USA) and 1.4 g/kg body
weight of H,'®0 (10.0 atom%; Taiyo Nippon Sanso, Tokyo,
Japan). TEE was measured using the DLW method as
described previously.” Calculation of TEE (kJ/day) was per-
formed using a modified Weir’s formula®® based on the CO,
production rate and respiratory quotient (RQ). Mean food quo-
tient (FQ) (0.87 £ 0.02) calculated from a 3-day dietary record
was used instead of RQ. This assumes that under conditions of
perfect nutrient balance, the FQ must equal the RQ.***' PAL
was estimated by dividing TEE by RMR.*"** The PA energy
expenditure (PAEE) was calculated as 0.9 x TEE — RMR.*

2.5. Accelerometry

The Active Style Pro (Omron Health Care Co., Ltd., Kyoto,
Japan) is a tri-axial accelerometer, 80 mm x 20 mm x 50 mm in
size and 61 g in mass. The Active Style Pro has proven reliabil-
ity for estimating various PAs and has been used in previous
studies.””*"***® Subjects wore the accelerometer on the right
side of the waist. The accelerometer was set to record in 1 min
epoch and PA was monitored continuously for 7 days including
5 weekdays and 2 weekend days. The non-wearing time for the
Active Style Pro was based on the Active Style Pro counts. We
excluded days in which there were less than 600 min of wearing
time during daytime."” Data with periods of 0 values of more
than 60 min were considered non-wearing time."® The data of a
subject were considered to be valid if the accelerometer data
were counted at least for 3 weekdays and 1 weekend day.*®
Activity for locomotion and non-locomotion was classified
using the ratio of unfiltered synthetic acceleration and filtered
synthetic acceleration as described previously.””’ Because
oxygen consumption per movement is considered to be lower
in children than in adults, we transformed the metabolic equiva-
lent (MET) data using the equation for children as follows;"*

Non-locomotive Activities Equation:
METs = 0.0136 x synthetic acceleration + 1.220

Locomotive Activities Equation:
METs = 0.0056 x synthetic acceleration + 0.944

J. Park et al.

The MET data from the accelerometer were converted accord-
ing to the prediction equations obtained for non-locomotive
and locomotive activities and classified as follows: total activ-
ity corresponds to >0.9 METs; sedentary activity corresponds
to >0.9 to <1.5 METs; light activity corresponds to >1.5 to
<3 METs; and MVPA corresponds to >3 METs.*>>° This
accelerometer also provides step counts.

2.6. Other measurements

The RMR measurement was performed in a fasting state
using a Douglas bag (Pohang study) and open-circuit indirect
calorimetry (Gangneung study, a ventilated hood system,
Model QMC; TrueOne2400 Parvo Medics Corp., Sandy, UT,
USA), as described previously.”'? In the Pohang study, RMR
was measured at the school before the first class. In the Gang-
neung study, it was measured before the collection of the base-
line urine samples on the same day as the DLW dose at the
laboratory of the study center. Before the RMR measurement,
children rested quietly in the supine position for 30 min. The
dietary intake of each child was assessed by the 3-day dietary
records that were maintained by each child, with help from his
or her parents, for 3 consecutive days (2 weekdays and 1 week-
end day). On each day of receiving the record, well-trained
dietitians checked the record for any omissions or errors and
corrected them by asking questions of each participant. Food
intake was calculated using the 2005 CAN-pro 3.0 (The
Korean Nutrition Society, Seoul, Korea).

2.7. Statistics

All values are presented as mean 4 SD. The associations
between energy expenditure or PA variables and weight status
were analyzed using analysis of covariance (ANCOVA)
adjusted to the study area. The associations between PAL and
the type of PA were examined by linear regression analysis
with adjustment for the covariate of the study area. Data from 8
of the 45 boy subjects were excluded in the accelerometer data,
which did not meet the inclusion criteria. The TEE and PAL of
the excluded subjects were similar between 2 normal-weight
and 6 overweight boys. There was no significant difference
between the ratio of obesity between baseline of the participants
(42.4% and 57.8% in normal-weight and overweight boys,
respectively) and children who were excluded (45.9% and
54.1% % in normal-weight and overweight boys, respectively)
(p=0.546 using x> test). After all adjustments, we used data
from 45 (19 and 26 in normal-weight and overweight boys,
respectively) and 37 subjects (17 and 20 in normal-weight and
overweight boys, respectively) for analysis for DLW and accel-
erometer, respectively. A value of p < 0.05 was considered sta-
tistically significant. All statistical treatments were performed
using the SPSS Version 20.0 (IBM Corp., Armonk, NY, USA).

3. Results

The physical characteristics of the participants are shown in
Table 1. The data for the DLW method included 45 boys, of
which 19 were normal-weight (12 and 7 in the Pohang and
Gangneung studies, respectively) and 26 were overweight (13
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Table 1
Physical characteristics of the participants and energy expenditure
(mean % SD).

Normal-weight (n=19)  Overweight (n=26) p

Age (year) 105+1.1 10.5£1.0 0.84
Weight (kg) 39.1+7.4 5894113 <0.01
Height (m) 1.46+£0.10 1.49£0.10 0.17
BMI (kg/m?) 183422 26.0+2.5 <0.01
TEE (kJ/day) 86151789 10,458 £ 1958 <0.01*
RMR (kJ/day) 5338 +813 6934+ 1038 <0.01*
PAL 1.61£0.26 1.51£0.15 0.56*
PAEE (kl/day)  2415+1203 2588 4951 0.45%

Notes: RMR and TEE were assessed using the Douglas bag and doubly labeled
water methods, respectively. PAL is calculated as TEE/RMR. PAEE is calcu-
lated as 0.9 x TEE — RMR.

* Adjusted for study area.

Abbreviations: BMI=body mass index; PAEE=physical activity energy
expenditure; PAL =physical activity level; RMR =resting metabolic rate;
TEE =total energy expenditure.

and 13 in the Pohang and Gangneung studies, respectively).
The numbers of obese subjects among the overweight children
were 9 of 13 and 11 of 13 in the Pohang and Gangneung stud-
ies, respectively. Participant characteristics were comparable
for age and height. Body weight and BMI were significantly
higher in overweight boys than in normal-weight subjects
(» <0.01).

The variables of energy expenditure are shown in Table 1.
The range of PAL was 1.19—2.35 with a mean value of 1.57.
TEE and RMR were significantly higher in overweight boys
than in normal-weight subjects (p < 0.01) after adjusting for
the study area. PAL and PAEE were not significantly different
between the 2 groups after adjusting for the study area. The
lack of a significant difference in PAL between the groups was
also seen with the PAL data (by DLW method) of the 37 sub-
jects used in the accelerometer analysis (1.5540.18 and
1.55+0.20 in normal-weight and overweight boys, respec-
tively). The PAL values of the excluded data in accelerometer
analysis were 2.14 £0.30 and 1.71 £0.23 in 2 normal-weight
and 6 overweight boys, respectively.

Table 2 shows the PA variables assessed by the accelerom-
eter. Wearing time did not differ between the 2 groups
(864.2 +84.9 days and 830.8 &= 67.6 days for normal-weight
and overweight boys, respectively) after controlling for study
area. No differences were observed between the 2 groups in
the time spent in total sedentary activity and light activity, but
time spent in both total MVPA and locomotive MVPA was
significantly lower in overweight boys than in normal-weight
subjects after adjusting for the study area (p < 0.05), while no
difference was observed for time spent in non-locomotive PA
between groups after adjusting for the study area. The propor-
tion of overweight boys who spent less than 60 min/day in
MVPA was 77.3% and that of normal-weight boys was 25.0%.
In locomotive activity, the proportion of overweight boys who
spent less than 60 min/day in MVPA was 100% and that of
normal-weight boys was 37.5%. While step counts per day
tended to be lower in overweight boys than in normal-weight
subjects, the difference only failed to reach significance after

Table2
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Physical activity variables assessed by accelerometer (min/day, mean + SD).

%

Normal-weight (n=17)  Overweight (n=20) p*
Total
Sedentary activity  312.0£56.2 326.6+85.2 0.50
Light activity 427.8+53.4 387.5+£67.9 0.06
MVPA 55.8+18.3 44.0+17.5 <0.05
Locomotion
Total activity 18524374 165.4+31.5 0.07
Sedentary 9.8+39 92+37 0.64
Light activity 128.54+24.8 121.44+24.1 0.28
MVPA 46.9 £ 18.1 348+142 <0.05
Non-locomotion
Total activity 610.4£57.8 592.7£69.9 0.52
Sedentary 302.24+56.0 317.3+84.5 0.48
Light activity 299.3+£51.9 266.1 +£50.5 0.07
MVPA 9.0+4.7 92+44 0.72

Notes: Total activity, sedentary activity, light activity, MVPA correspond to >0.9
METs, >0.9 to <1.5 METs, >1.5 to <3 METs, and >3 METs, respectively.

* Adjusted for study area.

Abbreviation: MET =metabolic equivalent; MVPA =moderate-to-vigorous
physical activity.

adjusting for the study area (12,563 2555 and 10,900 4 2225
for normal-weight and overweight boys, respectively;
p=0.07). None of the overweight boys walked more than
15,000 steps per day and the proportion of normal-weight
boys who walked more than 15,000 steps per day was 32%.

In all the subjects, only time spent in total locomotive activ-
ity, not in total non-locomotive activity, was significantly asso-
ciated with PAL (r=0.51, p<0.01). Time spent in total
MVPA was positively associated with PAL (»=0.51, p < 0.01),
but the significance no longer appeared after adjusting for the
study area (r=0.30, p=0.08). Time spent in total sedentary
and light activity was not associated with PAL after adjusting
for the study area (r=0.10, p=0.55 and r=0.02, p=0.91,
respectively). Moreover, time spent in locomotive light activity
and MVPA was positively associated with PAL (r=0.37,
p <0.05 and r=0.54, p < 0.01, respectively), but only locomo-
tive MVPA was positively associated with PAL after control-
ling for the study area (r=0.35, p<0.05) (Fig. 1A). Non-
locomotive activity was not associated with PAL (Fig. 1B).
Step counts per day was also positively associated with PAL
after adjustment for the study area (r=0.64, p < 0.05).

4. Discussion

The principle findings of the present study were as follows:
DLW-measured PAL did not differ between normal-weight and
overweight boys. However, overweight boys spent less time in
locomotive MVPA measured with the tri-axial accelerometer
compared with normal-weight subjects, but this association was
not seen in time spent in non-locomotive activity. These results
suggest that obesity might be associated with decreases in loco-
motive MVPA in Korean elementary school boys.

We found that no significant difference was observed in the
PAL values between groups. The lack of a significant difference
in PAL between the groups was consistent with the previous
observation between normal-weight and overweight girls.'®
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Fig. 1. Relation between PAL and time spent in (A) locomotive activity and (B) non-locomotive activity. The associations between PAL and type of physical activity
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physical activity.

On the other hand, a group of U.S. obese children showed lower
PAL compared with their normal-weight counterparts (means of
1.69 and 1.54 in normal-weight and obese children, respec-
tively).”® This discrepancy may be partly explained by the dif-
ference in the classification of obesity between our study and
the study on the American obese children.”> We used BMI for
classification of obesity, whereas the study of the American
obese children used % body fat.”*> PAL appears to be negatively
associated with fat mass,”®>*>° but not correlated with fat free
mass.”™”” This consideration may lead to the lack of difference
between BMI and PAL in the majority of studies.**~%*

In the present study, the mean PAL values were 1.61 and
1.51 in normal-weight and overweight Korean boys, respec-
tively. The mean PAL values in the present study were slightly
lower compared with Western children aged 6—12 years
whose PAL values were around 1.70.%%°*°! Based on dietary
reference intake (DRI) for Koreans,’” the PAL value in the
present study was classified into low level of PA among
Korean children. The proportion of overweight boys who were
classified into low level of PA based on DRI for Korean was
76.7% and that of normal-weight boys was 52.6%. Notably,
most children in the present study lived in places in which
there is no subway and the bus services are inconvenient, yet
the roadways are well maintained with an easy driving width.
Thus, many children in the areas had to be driven by car to
commute to school or to travel some distance to find a place to
play. Furthermore, most Korean urban children attend private
preparatory schools and study for longer periods outside of
school. These trends might contribute to the lower PAL.

In the present study, overweight boys spent less time in
total and locomotive MVPA compared with their normal-
weight counterparts. The current international guidelines rec-
ommended at least 60 min or more per day of MVPA for

maintaining children’s health and avoiding obesity.®>** The
proportion of overweight boys who spent less than 60 min/day
in MVPA (77.3%) was greater than that of normal-weight
boys (25.0%). In locomotive activity, the proportion of over-
weight boys who spent less than 60 min/day in MVPA (100%)
was much greater than that of normal-weight boys (37.5%).
On the other hand, in non-locomotive activity, overweight and
normal-weight subjects in the present study spent significantly
less time engaged in MVPA, less than 10 min per day. Our
data also showed that overweight boys tended to perform
fewer step counts compared to normal-weight subjects
(»=0.06). Compared to the recommendation by Tudor-Locke
of 15,000 steps per day for elementary school boys,’” in this
study, 32% of normal-weight subjects walked more than
15,000 steps per day, while this was 0% in overweight boys.
Because it was recently recommended that increasing time
spent in MVPA may be effective for prevention of child obe-
sity,'*°° the levels of MVPA should be increased by maximiz-
ing children’s opportunities to walk or run. Indeed, a
systematic review revealed that interventions in physical edu-
cation lessons in school can increase MVPA by 24%.°’

We found that time spent in locomotive MVPA was posi-
tively associated with PAL. In a longitudinal study, sustaining
a higher PAL level is suggested to prevent weight gain.®® Of
the data for time spent in MVPA, the portion of time spent in
vigorous intensity PA was very small in the present study
(3.6% and 3.1% in normal-weight and overweight boys,
respectively), and thus had little influence on the relation
between MVPA and PAL. Our result seems to be similar to
that obtained by Westerterp,”” wherein the variation in
engagement in moderate-intensity PA was indicated to be the
principal determinant of increasing PAL in adults. However, it
is important to consider that in Westerterp’s study,” the
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definition of moderate intensity PA is closer to the definition of
light to moderate intensity PA in our study. Westerterp defined
3 activity categories: low intensity (lying, sitting, and stand-
ing), moderate intensity (walking and cycling), and high inten-
sity (housework, gymnastics, and sport). In contrast to our
result, in young Scottish children of an average age of
5.5 years, no relation was shown between percentage of time
spent in MVPA and PAL.”’ The low percentage of time spent
in MVPA (median, 3%) in young Scottish children might
influence the lack of relationship between MVPA and PAL.
The different ages of children between our study and the study
of Montgomery et al.”’ may be another reason for the different
result for the relation between MVPA and PAL.

The strength of our study is the combination of the DLW
method and accelerometry, which enabled us to measure vari-
ous aspects of daily PA objectively and quantitatively. To our
knowledge, this is the first report to examine Asian overweight
children’s PAs using highly accurate methodologies. On the
other hand, the sample size was very small; a more compre-
hensive randomized survey is needed to generalize our results.
In particular, PAL values of the excluded data in the acceler-
ometer analysis were much higher in the 2 normal-weight
boys than in the 6 overweight boys. Even though the 2
excluded normal-weight boys were likely to be more physi-
cally active than the 6 excluded overweight boys, normal-
weight boys still had significantly higher time spent in MVPA
than overweight boys (Table 2). Thus, we cautiously assumed
that the excluded data might not much bias the present results
of accelerometer. Our results were drawn from a cross-sec-
tional study and thus, the cause-effect relationship between the
aspects of PA and obesity cannot be determined. An observa-
tional study with longitudinal design is needed to evaluate the
effect of the activity for various aspects of PA, especially loco-
motion and non-locomotion, on the development of obesity for
children. Furthermore, the present data were recorded in 1 min
epochs. A shorter epoch length, such as 10s, could more pre-
cisely reflect MVPA of children.”' However, while different
epoch lengths tend to lead to different absolute values for time
in each PA, they may not affect the tendency because values
obtained by different epochs are highly correlated.”*"*

5. Conclusion

The present study showed that obesity was associated with
decreases in the locomotive MVPA in Korean elementary
school boys. In addition, the locomotive MVPA contributed to
the increase in PAL. Based on our results, we suggest that pro-
moting ambulatory activity may result in increasing PAL lev-
els, and thereby help prevent the progression of child obesity.
Although we do not know if this relation has always been the
case, we provide significant information regarding the activity
patterning of overweight elementary school children.
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