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Abstract

Background Optimizing childhood domain-specific physical activity (PA) and sedentary behavior (SB) for blood
lipid profile is not well understood. We aimed to (1) determine the associations between accelerometer-measured
PA and SB for each domain (school time and out-of-school time) with blood lipid profile and (2) estimate predicted
changes in blood lipid profile with hypothetical time-reallocation between domain-specific SB and PA among Japa-
nese children using compositional data analysis (CoDA).

Methods This cross-sectional study included 284 children (147 boys and 137 girls) aged 9-12 years (mean age
[years]: 10.1+1.2 for boys, 10.0+ 1.1 for girls; mean body mass index: 18.2+3.2 for boys, 17.5+ 2.5 for girls). Time
spent in domain-specific SB, light-intensity PA (LPA), moderate-intensity PA (MPA), and vigorous-intensity PA (VPA)
was assessed using accelerometry. The non-fasting lipid profile considered measures of triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and non-HDL-C levels. CoDA
and isotemporal substitution model were performed to examine the associations of domain-specific PA and SB
with blood lipids.

Results Time spent in out-of-school VPA relative to the other behaviors was negatively associated with non-HDL-C
(boys: B;;1=—0.10, 95% confidence interval [Cl]= —0.19 to —0.01), TG (boys: B;,; =—0.45, 95% Cl=—0.68 to —0.22),
and positively associated with HDL-C (girls: 3, =0.09, 95% Cl=0.02 to 0.16) after adjusting for age, body mass index,
and time spent in SB, LPA, and MPA. During the out-of-school period, a replacement of 1 min of any other behavior
with VPA was associated with decreases in LDL-C in boys (predicted changes [95% CI] —0.03 mmol/L [-0.05 to —0.00]
for LPA), non-HDL-C in boys (predicted changes [95% CI] —0.03 mmol/L [-0.06 to —0.01] for SB and LPA) and TG

in boys (predicted changes [95% Cl] —0.04 mmol/L [-0.06 to —0.02] for SB and LPA, —0.05 mmol/L [-0.07 to —0.02]
for MPA) and in girls (predicted changes [95% Cl] —0.02 mmol/L [-0.04 to —0.00] for LPA), and increases in HDL-C

in girls (predicted changes [95% Cl] 0.02 mmol/L [0.00 to 0.04] for SB and LPA, 0.03 mmol/L [0.00 to 0.05] for MPA).

Conclusions Increasing out-of-school VPA might be an effective approach to improve blood lipid profiles
among Japanese children.
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Background

Although the associations between daily movement
behaviors (i.e., physical activity [PA] [1], sedentary behav-
iors [SB] [2], and sleep [3]) and health outcomes among
children have been studied, these associations have tradi-
tionally been examined independently [4]. However, real-
world movement behaviors are co-dependent [5], and
a change in one movement behavior (e.g., PA) does not
occur in isolation [6]. This is because time is finite (24 h
per day), and an increase in the time spent on one move-
ment behavior (e.g., PA) is accompanied by a compen-
satory decrease in others (e.g., SB, sleep, or both) [5, 6].
Therefore, when examining the association between 24-h
movement behaviors and health outcomes (e.g., blood
lipid profile), it is important to use an analytical approach
(e.g., compositional data analysis [CoDA]) that can prop-
erly account for the co-dependency of these behaviors
[6].

Other studies using CoDA have found inconsistent
results when examining the relationship between PA
and blood lipids in children [7-10]. For example, Carson
et al. [7] found a significant positive association between
vigorous-intensity PA (VPA) relative to other behaviors
(i.e., SB, light-intensity PA [LPA] and moderate-inten-
sity PA [MPA]) and high-density lipoprotein cholesterol
(HDL-C) in U.S. children, but not between SB or LPA.
In contrast, Hansen et al. found that replacing SB with
moderate- to vigorous-intensity PA (MVPA) was linked
with lower (better) levels of low-density lipoprotein
cholesterol (LDL-C) and triglycerides (TG) in Austral-
ian children and adolescents [9]. The inconsistency in
these results may be explained by domain-specific dif-
ferences in the optimal reallocation of time between SB
and PA [11]. There is a precedence for this in studies of
adiposity outcomes. For example, an international study
of 4852 adolescents aged 11-19 years found that SB dur-
ing school time and MVPA during out-of-school time
were negatively associated with body mass index (BMI),
while out-of-school SB and school-based MVPA were
not [12]. A study of Czech children and adolescents aged
8-18 years showed that replacing 30 min/day of out-of-
school SB with out-of-school LPA was associated with
declines in fat mass by 10% and 14% for boys and girls,
respectively; however, no significant associations were
found for school SB [13]. Importantly, the reallocation of
time between SB and PA are influenced by different fac-
tors depending on the domain or subdomain in which
the behaviors occur [14]. Because blood lipid levels track
strongly from childhood into adulthood [15] and are

major risk factors for cardiometabolic disease [16, 17],
identifying the domains or subdomains most sensitive to
improving blood lipid levels could have important impli-
cations for developing and implementing effective inter-
ventions. To date, no study has used CoDA to examine
the associations between domain-specific movement
behaviors and blood lipid profile among children. Using
data on Japanese children, the purpose of this study was
to (1) examine the associations of school time and out-
of-school time PA and SB with blood lipid profile, and
(2) estimate predicted changes in blood lipid profile with
hypothetical time-reallocation between domain-specific
SB and PA using CoDA.

Methods

Study design and participants

This cross-sectional study recruited children and ado-
lescents from three public primary schools in Saku City,
Nagano, Japan. All children in grades 4 (aged 9-10) and
6 (aged 11-12) attending these schools were invited
to participate. All parents/guardians provided written,
informed consent on behalf of their children. Data were
collected from April to June in 2019 (n=91) and 2021
(n=249) and were combined for analysis. Of these, 56
(16.5%) participants were excluded because of incom-
plete data on blood lipids (n=10), accelerometry data
(n=41) and sleep duration (n=25), with the final sample
comprising 284 children (147 boys and 137 girls). There
were no significant differences in age, sex and anthro-
pometry assessments between participants with incom-
plete data and final sample. This study was conducted
in accordance with the Declaration of Helsinki and
approved by the institutional ethical advisory committee
of Nippon Sport Science University (project identifica-
tion code: 021-H005).

Measurements

24-h movement behaviors

PA and SB were measured by three-axis accelerometry
(ActiGraphwGT3X-BT, ActiGraph LLC, Pensacola, FL,
USA), which exhibits excellent classification accuracy
for SB and PA in children [18-20]. Participants were
asked to wear the accelerometer on their right hip using
a belt for 5 consecutive school days (Monday to Friday),
except when sleeping or during water-based activi-
ties (e.g., showering, swimming). Data were collected
in 15-s epochs. Non-wear time was defined as a period
of >60 min of continuous 0 counts, as recorded by the
ActiGraph [21]. Only participants with >10 h of wear
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time per day for a minimum of 4 days were included in
the analyses [22]. Evenson cut-off points [18] were used
to categorize the activities into four levels: SB, <101
counts per minute (CPM); LPA, 101-2295 CPM; MPA,
2296-4011 CPM; and VPA, >4012 CPM. Based on the
school curriculum provided by the participating schools,
domain-specific PA and SB were estimated using the fol-
lowing time segments: (1) school time (i.e., behaviors
between 8:20 a.m. and 4:00 p.m.) and (2) out-of-school
time (i.e., behaviors outside school time). Accelerometry
data were analyzed using ActiLife software (v6.13.3, Acti-
Graph LLC, Pensacola, FL, USA).

Using a lifestyle questionnaire from the International
Study of Childhood Obesity, Lifestyle and the Environ-
ment (ISCOLE) study [23], participants were also asked
about their bedtime and wake-up time during the previ-
ous week on weekdays. Then, the time in bed was calcu-
lated from bedtime to wake-up time for each participant.
Waking periods were calculated by subtracting the time
in bed from 24 h. Subsequently, to standardize the sum of
time spent in all movement behavior to 24 h, these wak-
ing hours were allocated to SB, LPA, MPA, and VPA in
proportion to the total time recorded for each behavior
during the accelerometer wear period [24, 25].

Non-fasting blood lipids

A non-fasting venous blood sample was obtained in the
morning by doctors or nurses. Serum total cholesterol
(TC) and triglyceride (TG) levels were measured using
enzymatic methods, and high-density lipoprotein cho-
lesterol (HDL-C) and low-density lipoprotein cholesterol
(LDL-C) were measured using a direct measurement
method with an automatic analyzer (LABOSPECTO0S,
Hitachi High-Technologies Corporation, Tokyo, Japan).
The non-HDL-C level was calculated by subtracting the
HDL-C from TC. In this study, we used HDL-C, LDL-C,
non-HDL-C, and TG as blood lipid profile markers and
included them in the regression model as a dependent
variable.

Anthropometry assessments

Before anthropometric measurements, the participants
were asked to take off their shoes and socks, and heavy
clothing (e.g., jacket). Body mass was measured using a
digital weighing scale (HD-60B/HD-60P, Nitto Kagaku
CO, LTD, Nagoya, Japan) and recorded to the nearest
0.1 kg. Height was measured using a stadiometer (HD-
60B/HD-60P, Nitto Kagaku CO, LTD, Nagoya, Japan)
and recorded to the nearest 0.1 cm. The body-mass index
(BMI) was calculated as body mass (kg) divided by height
in meters squared (m?).
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Statistical analysis

All analyses were performed with R 4.0.5 (R Founda-
tion for Statistical Computing, Vienna, Austria). Anal-
yses were conducted separately for boys and girls, as
the association between PA and SB with blood lipids is
expected to differ by sex [26]. Independent t-tests were
performed to compare differences in age, movement
behavior, body size, and blood lipid profiles between
boys and girls.

We used the following two time-use compositions:
school time (SB, LPA, MPA, and VPA) and out-of-
school time (SB, LPA, MPA, VPA, and time in bed).
Time-use compositions were expressed as isometric
log-ratios (ilrs) using the pivot coordinate represen-
tation [27] (Additional file 1). This resulted in sets of
three or four ilr-coordinates from the time-use com-
position for each domain, where the first one (ilrl)
represented time spent in one behavior relative to the
remaining behaviors in the domain. For example, the
ilrl coordinate for time-use composition in school time
represents the proportion of time spent in SB relative to
the other behaviors (LPA, MPA, and VPA). By repeat-
ing this procedure, we created ilrl coordinates for all
behaviors in each domain. We report results from ilrls
since our scope is the importance of each PA and SB
relative to the remaining parts of time-use composition
in each domain. No zero values were recorded for any
domain-specific PA or SB.

Compositional multiple linear regression with robust
estimators was performed to examine the associations
of domain-specific PA and SB with blood lipids. In the
regression model, blood lipids and movement behaviors
in a specific context (expressed as ilrs) were set as the
dependent and independent variables, respectively. Due
to skewed distribution, HDL-C, LDL-C, non-HDL-C,
and TG were natural log transformed (p values for the
Shapiro—Wilk test were <0.05). Model 1 included age
(continuous) and time spent in movement behaviors in
the other domain (expressed as ilrs). Model 2 was addi-
tionally adjusted for BMI. We selected potential con-
founders based on previous studies [28] and entered in
the model.

We also performed a compositional isotemporal substi-
tution model [29] based on Model 2. In this analysis, the
predicted changes in blood lipids were estimated when
the time spent in one behavior (e.g., SB in school time)
was hypothetically reduced and that spent in another
behavior (e.g., VPA in school time) was increased while
keeping the other behaviors (e.g., LPA and MPA in school
time) constant. Estimates were calculated in 1-min incre-
ments up to 10 min. The analysis was only performed
for the PA or SB in which statistical significance was
observed for the above regression models.
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Results

Descriptive characteristics

The descriptive characteristics of the study partici-
pants are presented in Table 1. During school time,
boys spent significantly less time in SB (p <0.001) and
more time in MPA (p <0.001), and VPA (p <0.001) than
girls. During out-of-school time, boys spent signifi-
cantly more time in LPA (p=0.019), MPA (p<0.001)
and VPA (p=0.005) than girls. In contrast, girls spent
significantly more time in SB than boys during out-
of-school time (p=0.001). Time in bed was longer for
boys than girls (p=0.001).

Table 1 Descriptive characteristics of the study participants

(2023) 2:20

Page 4 of 12

Associations between domain-specific PA and SB

with blood lipid profile

Figures 1 (for boys) and 2 (for girls) show the results
of the compositional regression analysis between
SB, PA, and blood lipids. In boys, significant nega-
tive associations were found between out-of-school
VPA (relative to the remaining SB and PA behav-
iors) and non-HDL-C (B;,,=—0.10, 95% CI=-0.18
to —0.01) and TG (B;,;=—047, 95% CI=-0.70 to
—0.24) (Model 1; Fig. 1 and Additional file 2: Table S1).
The associations remained significant for non-HDL-
C (By1=—0.10, 95% CI=-0.19 to —0.01) and TG
By, =—0.45, 95% CI=-0.68 to —0.22) after further
adjusting for BMI (model 2). Additionally, there were
significant negative associations between school VPA

Boys (n=147) Girls (n=137) p value®
Mean? SD/%" Mean? SD/%"
Age (years) 10.1 1.2 10.0 1.1 0333
Height (cm) 139.1 9.3 137.8 9.2 0217
Body mass (kg) 355 89 337 8.1 0.067
BMI (kg/mz) 18.2 32 17.5 2.5 0.057
BMI-z score 0.4 1.6 0.2 1.1 0.089
Blood lipid concentration
Total cholesterol (mmol/L) 44 0.7 45 0.7 0.270
Triglyceride (mmol/L) 09 0.6 0.9 04 0.172
HDL-C (mmol/L) 16 03 16 03 0.687
LDL-C (mmol/L) 24 0.6 25 0.6 0.074
Non-HDL-cholesterol (mmol/L) 2.7 0.6 238 0.6 0.137
School time behaviors (min/day)
Accelerometer wear time 4533 21.8 4516 24.7 0.535
SB 256.4 55.6% 301.5 65.4% <0.001
LPA 164.0 35.6% 1349 29.3% 0.340
MPA 27.7 6.0% 17.8 3.9% <0.001
VPA 129 2.8% 6.9 1.5% <0.001
Out-of-school time behaviors (min/day)
Accelerometer wear time 404.0 1155 407.6 89.6 0.771
SB 283.8 29.0% 3021 30.8% 0.001
LPA 1293 13.2% 1204 12.3% 0.019
MPA 24.6 2.5% 19.8 2.0% <0.001
VPA 7.6 0.8% 57 0.6% 0.005
Time in bed 534.7 54.6% 532.0 54.3% 0.001
Meeting PA guideline (%) 635 250 <0001

SD standard deviation, BMI body mass index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SB sedentary behaviors, LPA light

physical activity, MPA moderate physical activity, VPA vigorous physical activity, PA physical activity

@ Geometric mean normalized to 24-h for time-use components; arithmetic mean for the other variables

b The respective geometric means in percentages are presented for 24-h time-use composition

¢ Differences between sexes were tested using the Welch'’s t test. For each movement behavior, the first pivot coordinate (i.e., ratio of one behavior and geometric

mean of the remaining behaviors) was used to test

d Children who spent more than 60 min on MVPA per day met the PA guidelines [38]
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Fig. 1 Associations of PA and SB with blood lipid profiles among boys. Model 1 was adjusted for age and PA and SB in the other domains.
Model 2 was adjusted for age, PA and SB in the other domains, and body mass index. S8 sedentary behavior, LPA light-intensity physical activity,
MPA moderate-intensity physical activity, VPA vigorous-intensity physical activity, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, TG triglyceride. Time-use composition data are expressed as isometric log ratio (ilr) coordinates, and each result was derived
from the first set of ilr coordinates, representing the time spent in one behavior relative to the geometric mean of the remaining behaviors
in the same domain. Beta coefficients represent the change in the outcome value when time spent in one behavior is increased/decreased,
while the geometric mean of the remaining time-use in movement behaviors is accordingly decreased/increased to compensate

(relative to the remaining SB and PA behaviors) and
LDL-C (B, =—0.16, 95% CI=—-0.32 to —0.01) and non-
HDL-C (B, =—0.15, 95% CI=—0.29 to —0.01) in Model
2 (Fig. 1 and Additional file 2: Table S1). In contrast, sig-
nificant positive associations were found between out-of-
school LPA and LDL-C levels (5;,;=0.16, 95% CI=0.03
to 0.29) and non-HDL-C levels (5;,; =0.16, 95% CI=0.04
to 0.28) in boys (Model 2).

For girls, significant positive associations were found
between out-of-school VPA and HDL-C (S, =0.09,
95% CI=0.02 to 0.16) in Model 2 (Fig. 2 and Additional
file 3: Table S2). No significant associations were found
between the other PA behaviors and SB and blood lipids
in girls.

Predicted changes in blood lipid profile with hypothetical
time-reallocation between domain-specific SB and PA

Our compositional regression analysis confirmed signifi-
cant associations between VPA and several lipids for both
sexes. Therefore, using the compositional isotemporal
substitution model, we estimated the predicted change in
blood lipids when hypothetically reallocating time from
the remaining behaviors to VPA.

In boys, only the 1-min time-reallocation from out-of-
school SB to out-of-school VPA was associated with lower
non-HDL-C levels (—0.03 mmol/L, 95% CI=-0.06 to
—0.01) and TG (- 0.04 mmol/L, 95% CI=—0.06 to —0.02)
(Fig. 3 and Additional file 4: Table S3). The 1-min time-
reallocation from out-of-school LPA to out-of-school
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Fig. 2 Associations of PA and SB with blood lipid profiles among girls. Model 1 was adjusted for age and PA and SB in the other domains. Model

2 was adjusted for age, PA and SB in the other domains, and body mass index. SB sedentary behavior, LPA light-intensity physical activity, MPA
moderate-intensity physical activity, VPA vigorous-intensity physical activity, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, TG triglyceride. Time-use composition data are expressed as isometric log ratio (ilr) coordinates, and each result was derived
from the first set of ilr coordinates, representing the time spent in one behavior relative to the geometric mean of the remaining behaviors

in the same domain. Beta coefficients represent the change in the outcome value when time spent in one behavior is increased/decreased,

while the geometric mean of the remaining time-use in movement behaviors is accordingly decreased/increased to compensate

VPA was associated with lower LDL-C (—0.03 mmol/L,
95% CI=-0.05 to —0.00), non-HDL-C (—0.03 mmol/L,
95% CI=-0.06 to —0.01), and TG (—0.04 mmol/L, 95%
CI=-0.06 to —0.02). The 1-min time-reallocation from
out-of-school MPA to out-of-school VPA was associ-
ated with lower TG (—0.05 mmol/L, 95% CI=-0.07
to —0.02). Additionally, 1-min time-reallocation from
school SB and LPA to school VPA was associated with
lower LDL-C (—0.03 mmol/L, 95% CI=-0.06 to —0.00
for both SB and LPA) and non-HDL-C (—0.03 mmol/L,
95% CI=-0.06 to —0.00 for both SB and LPA) (Fig. 3
and Additional file 4: Table S3).

In girls, the 1-min time-reallocation from any out-of-
school behaviors (SB, LPA and MPA) to out-of-school

VPA was associated with higher HDL-C (SB and LPA:
0.02 mmol/L, 95% CI=0.00 to 0.04; MPA: 0.03 mmol/L,
95% CI=0.00 to 0.05) (Fig. 4 and Additional file 5:
Table S4). Additionally, the 1-min time-reallocation from
out-of-school LPA to out-of-school VPA was associated
with lower TG (—0.02 mmol/L, 95% CI=—0.04 to —0.00)
in girls.

Discussion

Our findings indicated that spending more time in VPA,
particularly outside of school, was associated with bet-
ter blood lipid profiles. However, we observed weak or
uncertain associations for time spent in SB, LPA, and
MPA with blood lipids. Using isotemporal substitution
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analyses, we found that substituting just one minute of
SB, LPA, or MPA for VPA was associated with a more
favorable blood lipid profile.

Domain-specific PA and SB for blood lipids

Our findings suggest that out-of-school VPA is particu-
larly important for maintaining blood lipid profile in Jap-
anese children. This finding is consistent with a study of
Czech children and adolescents aged 8—18 years [13] that
found out-of-school SB, but not school SB, was associated
with adiposity. The different associations between school
and out-of-school PA and blood lipids might be due to
domain-specific differences in PA behaviors. During
school time, children typically perform similar PA activi-
ties because school environments are relatively more
structured [30]. In contrast, out-of-school time tends to
be less structured, where children are afforded greater

autonomy in PA behaviors, resulting in larger variability
among PA behaviors for children during out-of-school
time compared to during school time [30]. Additionally,
an international comparison study with Japanese and
Kenyan children aged 9-12 years showed that Japanese
children spent less time in MVPA than Kenyan children,
and the greatest differences in MVPA were found during
out-of-school period [31]. This suggests that there seems
to a room for improvements in out-of-school PA for Japa-
nese children.

PA intensity and blood lipid profile

We also found that a higher PA intensity might be
important for maintaining blood lipid profiles among
children, which is consistent with previous findings
[12, 32, 33]. Although the beneficial effects of reduc-
ing SB and increasing LPA on blood lipids have been
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well reported in adults [34, 35], the effects are unclear
in children [36, 37]. The disagreement between such
studies might be due to differences in levels of PA, SB,
and blood lipids. Typically, children are more physically
active and less sedentary than adults [38], and blood
lipid levels for most children fall within the healthy
range [28]. For the physically active and metabolically
healthy population (i.e., children), reducing SB might
not be enough; instead, higher-intensity PA (i.e., VPA)
might be required to improve blood lipid levels. It is
important to note that although CVD does not typically
occur before midlife, the disease process (i.e., athero-
sclerosis) begins early in life [39]. Given that childhood
blood lipid levels track strongly into adulthood [15] and
are major risk factors for cardiometabolic disease [16,
17], it is important to maintain healthy blood lipid pro-
files from an early age.

Practical and public health implications

Our observation of small increases in VPA (even 1 min/
day) associating with better lipid profiles has potential
public health implications, particularly given that most
children do not meet the recommended PA guideline of
an average of 60 min of MVPA per day [40]. While the
clinical significance of our findings remains uncertain,
the magnitude of blood lipid changes observed seems
substantial when compared to previous long-term ran-
domized control trials (RCTs) [41-43]. For example, a
7-year dietary RCT aiming to reduce cholesterol intake
among U.S. children with elevated LDL-C levels dem-
onstrated an average reduction of 0.09 mmol/L in the
intervention group [41, 42]. Moreover, a RCT involving
families with 5-month-old infants who received dietary
counselling over 20 years revealed that children in the
intervention group exhibited lower average LDL-C levels
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by 0.10 mmol/L compared to the control group [43]. Our
findings suggest that reallocating 1 min of out-of-school
LPA to out-of-school VPA associated with a 0.03 mmol/L
lower LDL-C, equivalent to 30-33% of the reductions
observed in the aforementioned RCTs [41-43]. Consid-
ering the current PA landscape among Japanese children,
increasing out-of-school VPA by 1 min is a feasible objec-
tive. In Japan, active play—such as tag and dodgeball—is
a popular out-of-school activity among school-aged chil-
dren [44], with some of these activities categorized as
VPA [45]. Consequently, promoting active play opportu-
nities among Japanese children could potentially improve
blood lipid profiles via increased time spent in VPA. This
is consistent with the current PA guideline; which recom-
mends that incorporating VPA in addition to 60 min of
MVPA [40].

Additionally, we found that VPA, but not MPA, was
associated with blood lipids. In most previous stud-
ies, MVPA was evaluated as a combination of MPA and
VPA, and few studies have separated MPA and VPA in
their analyses [7]. A cross-sectional study that consid-
ered MPA and VPA separately showed that only VPA was
associated with adiposity among 2544 American children
aged 6-17 years [7]. Importantly, we found that replacing
out-of-school MPA with out-of-school VPA was associ-
ated with lower TG levels in boys. This result suggests
that increasing activity intensity improves blood lipids
without changing the total amount of MVPA, providing
an important implication to reimagine current PA prac-
tices among children. For example, in Japan, organized
sports activities are highly popular, and most Japanese
children and adolescents participate in organized sports
[44]. These activities are typically performed after school
(i.e., out-of-school time) and consist of opportunities
to attain VPA [46, 47]. However, a previous study also
showed that only 31% of time spent in organized club
sport was in MVPA [48]. Given the popularity of organ-
ized club sports in Japan and considering children spend
most of their play time in LPA during such activities,
increasing PA intensity during organized club sport may
result in population-level improvements in blood lipids
for Japanese children.

LPA and blood lipid profile results

We found unexpected positive associations between out-
of-school LPA and both LDL-C and non-HDL-C levels
among boys. While studies have largely focused on the
associations between MVPA and blood lipids [1], evi-
dence on the association between LPA and blood lipids
has been inconsistent [37, 49]. Future studies should
confirm the association between LPA and blood lipids in
children.
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Strengths and limitations

This is the first study to examine the associations of
domain-specific PA and SB with blood lipids among Jap-
anese children using CoDA, which allowed us to consider
the codependency of daily time use. Revealing domain-
specific associations of PA behaviors provides impor-
tant implications for effective intervention strategies for
practitioners, educators, and policymakers. However,
our study has limitations. First, this study cannot infer
causality owing to its cross-sectional design. Second,
domain-specific PA (i.e., school versus out-of-school
time) was evaluated based on the school curriculum
provided by the participating schools; therefore, actual
school hours could not be investigated. Although we
confirmed that children performed usual practices dur-
ing data collection, future work should record (e.g., using
diaries) when school time starts and ends. Third, we did
not include important confounding variables, such as
body composition, dietary intake, social economic sta-
tus, maturation and genetic factors, which are associated
with blood lipids [28]. Fourth, only children from three
primary schools in Saku City, Nagano Prefecture, were
included, which limits the generalizability to the popula-
tion. Indeed, TC, TG (for girls), and HDL-C levels were
significantly lower, and TG levels (for boys) significantly
higher, in our sample compared to national norms [50].
Fifth, we did not evaluate weekend PA and SB behaviors,
and given the larger variability among PA and SB behav-
iors during weekend compared to weekday [30], weekend
behaviors might be other important factors for blood
lipids levels among children.

Conclusions

We showed a favorable association between the time
spent in VPA, particularly out-of-school time, and blood
lipid profiles among Japanese children. We found that
replacing 1 min of out-of-school SB, LPA, or MPA for
VPA was associated with more favorable blood lipid pro-
files. In contrast, associations for SB, LPA, and MPA were
weak or uncertain. These results suggest that increasing
out-of-school VPA might be an effective approach for
maintaining children’s blood lipid profiles.

Abbreviations
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