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Summary

Background: Information is limited for the benefits of physical activity (PA) in
preschoolers. Previous research using accelerometer-assessed PA may be affected
for multicollinearity issues.

Obijectives: This study investigated the cross-sectional and prospective associations
of sedentary behaviour (SB) and PA with body composition and physical fitness using
compositional data analysis.

Methods: Baseline PA and SB were collected in 4-year-old (n = 315) using
wrist-worn GT3X+ during seven 24 h-periods. Body composition (air-displacement
plethysmography) and physical fitness (PREFIT test battery) were assessed at base-
line and at the 12-month follow-up.

Results: Increasing vigorous PA at expenses of lower-intensity behaviours for 4-year-
old was associated with body composition and physical fitness at cross-sectional and
longitudinal levels. For example, reallocating 15 min/day from lower intensities to
vigorous PA at baseline was associated with higher fat-free mass index (+0.45 kg/m?,
95% confidence intervals [Cl]: 0.18-0.72 kg/m?), higher upper-body strength (+0.6 kg,
95% Cl: 0.1-1.19 kg), higher lower-body strength (+8 cm, 95% Cl: 3-13 cm), and
shorter time in completing the motor fitness test (—0.4 s, 95% Cl: —0.82 to [-0.01] s)
at the 12-month follow-up. Pairwise reallocations of time indicated that the behaviour
replaced was not relevant, as long as vigorous PA was increased.

Conclusions: More time in vigorous PA may imply short- and long-term benefits on
body composition and physical fitness in preschoolers. These findings using composi-
tional data analysis corroborate our previously published results using isotemporal
substitution models.
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1 | INTRODUCTION
Physical activity (PA) is widely known to produce health benefits
across the Iifespan.1 However, information is limited in several
populations, including preschoolers (i.e., 3-5 years old).>2 In this pop-
ulation, body composition and physical fitness (hereinafter fitness) are
markers of current and future health,*> but the role of PA in promot-
ing healthy body composition and fitness is still unclear.
Accelerometers are valid and feasible to monitor PA in 3-5-year-old
children.®”

longitudinal*®~¢ associations of device-measured PA with body compo-

Previous studies described cross-sectional®*?  and
sition and fitness in preschoolers. For example, from MINISTOP
(a population-based randomized controlled trial to promote PA and diet
among 315 Swedish preschoolers), we demonstrated cross-sectional and
longitudinal positive associations of vigorous PA with fat-free mass index
(FFMI), cardiorespiratory, muscular and motor fitness in pre-
schoolers.}?*¢ However, there has been a concern that multicollinearity

317 which were obtained from linear

issues may bias previous findings,
regression and isotemporal substitution models. Accelerometer-assessed
sedentary behaviour (SB), light, moderate and vigorous PA share the
awake time of the day, which increases the multicollinearity risk in
regression models.*® Isotemporal substitution models have traditionally
been used to investigate time reallocations across behaviours,* yet
these models may be also affected by multicollinearity.

Compositional data analysis has been proposed instead to prop-
erly investigate the reallocation of time across behaviours while low-
ering risk of multicollinearity.2%?! Therefore, this study aimed to re-
analyse the MINISTOP data to investigate whether the previously
described associations of PA with body composition and fitness in

preschoolers are corroborated by compositional models.

2 | MATERIAL AND METHODS

2.1 | Study design and participants

This study includes baseline and 12-month follow-up data from the
MINISTOP trial.?222 Children were ~4 years old (4.48 + 0.15 years) at
baseline. For this study, we analysed the baseline data of all partici-
pants for the cross-sectional associations (n = 315), and only the con-
trol group data for the longitudinal associations (n = 159) to eliminate
any possible confounding introduced by the intervention. Children
without sufficient accelerometer data (n = 8), or without complete
follow-up data (n = 13), were excluded from analyses. Informed con-
sents from parents were obtained. The trial was registered at
clinicaltrials.gov (NCT02021786) and approved by the Research Ethics
Committee, Stockholm, Sweden (2013/1607-31/5; 2013/2250-32).

2.2 | Data collection

PA and SB were monitored with non-dominant wrist-worn accelerom-
eters (ActiGraph GT3X+, Pensacola, FL, US) for 7 days (24 h/day).
Devices recorded accelerations at 50 Hz, and participants were

instructed to only remove accelerometers for water-based activities.
Children wearing accelerometer 23 days for 210 h/day were consid-
ered. Non-wear time was determined from the raw acceleration;
awake and sleep time were detected with an automated algorithm,?*
and then, awake time was classified as SB, light, moderate or vigorous
PA.?° Detailed methods can be found elsewhere.'?

Body composition was assessed using air-displacement plethys-
mography (BOD POD GS, Cosmed Company, Italy, www.cosmed.
com).?® Fat mass percentage was calculated using the Lohman's
equation (i.e., fat % = Didy (%Zﬂ%j;) ﬁjﬁ%

Dy is assumed to be 0.9000).2” Absolute fat mass (kg) was obtained
from fat mass percentage, and fat-free mass was the difference

, where D is density,

between body weight (kg) and fat mass (kg). Body composition out-
comes included body mass index (BMI, kg/m?), FFMI (kg/m?), fat mass
percentage (%) and fat mass index (kg/m?).

Cardiorespiratory, muscular and motor fitness were assessed with
the PREFIT fitness test battery for preschoolers.?® The 20-m shuttle
run test was used for cardiorespiratory fitness, the handgrip strength
test for upper-body strength, the standing long jump test for lower-
body strength and the 4 x 10-m shuttle run test for motor fitness.
Two attempts were recorded and the best attempt was used, except

for the 20-m shuttle run test that was performed once.*?*¢

2.3 | Statistical methods

Descriptive characteristics of participants regarding sociodemographic and
anthropometric values, PA levels, body composition and fitness can be
found elsewhere. 216 Multiple regression models over compositional data
were used to study the cross-sectional and longitudinal associations of PA
with body composition and fitness.2>?* Compositional data analysis
accounts for the relative nature of accelerometer-assessed PA by quantify-
ing the effect of increasing a specific behaviour while reducing at least one
of the others. Two different time-use compositions were defined: composi-
tion 1 included: SB, light, moderate and vigorous PA; composition
2 included: SB, light and moderate-to-vigorous PA. Isometric log-ratios

d?° and included as explanatory vari-

were calculated as previously propose
ables. Gamma (y) coefficients inform of the strength and direction of the
association of each behaviour relative to the others with a certain outcome.
To estimate the effect size, dose-response curves were drawn by reversing
the isometric log ratios. These curves represent the effect of increasing one
behaviour while reducing others on the outcome. Model 1 was unadjusted;
model 2 was adjusted for sex, age and awake wear time; and model 3 was
additionally adjusted for maternal and paternal BMI and as well as their edu-
cational attainment (i.e., university degree or not). Analyses were performed

in R (v.4.0.3), and statistical significance was set at p < 0.05.

3 | RESULTS

3.1 | Cross-sectional associations

Tables S1 and S2 show the models using composition 1 (i.e., SB, light,
moderate and vigorous PA) and composition 2 (i.e., SB, light and
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moderate-to-vigorous PA), respectively. Vigorous PA relative to SB
and lower PA intensities was associated with FFMI (y's = 0.275,
p's < 0.020), (y's 2 1.515, p's <0.001),
lower-body strength (y's 2 4.502, p's <0.017) and motor fitness

cardiorespiratory fitness

(y's =< —1.238, p's < 0.001) (Table S1). Increasing moderate-to-vigorous
PA while reducing SB and light PA was associated with FFMI
(y's 20.850, p's<0.010), fat (y's 2 —3.522,
p's < 0.026) and all fitness components (cardiorespiratory fitness:
y's 2 3.658, p's < 0.001; upper-body strength: y's > 1.187, p's < 0.031;
lower-body strength: y's 2 19.718, p's < 0.001; and motor fitness:
y's £ —2.528, p's < 0.001) in all models (Table S2). Figure S1 shows the

mass percentage

dose-response curves relative to increasing vigorous PA while propor-
tionally decreasing the other behaviours (model 2 was used for illustra-
tive purposes). Figure S2 shows the pairwise reallocations from other

behaviours to vigorous PA.

3.2 | Prospective associations

The prospective associations of SB and PA (at 4-year-old) with body
composition and fitness outcomes (at 5-year-old) are presented in
Tables S3 and S4. Vigorous PA relative to SB and lower PA intensities

o
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was associated with BMI (y's 2 0.663, p's < 0.013), FFMI (y's = 0.588,
p's < 0.002), upper-body strength (y's = 0.759, p's < 0.050) and lower-
body strength (y's = 10.940, p's < 0.002) in all models (Table S3). Vig-
orous PA was associated with motor fitness only in models 1 and
2 (y's<—-0.596, p's=<0.038). Table S4 shows that increasing
moderate-to-vigorous PA at expenses of SB and light PA was
associated with FFMI (y's 2 1.038, p's < 0.040), cardiorespiratory
fitness (y's 2 5.195, p's < 0.019), lower-body strength (y's = 23.187,
p's < 0.013) and motor fitness (y's < —1.997, p's < 0.012) in all models.
Furthermore, Figure 1 shows the dose-response curves relative to
increasing vigorous PA while proportionally decreasing SB, light and
moderate PA. For example, reallocating 15 min/day from SB, light and
moderate PA to vigorous PA was associated with higher FFMI
(+0.45 kg/m?, 95% confidence intervals [CI]: 0.18-0.72 kg/m?),
upper-body strength (+0.6, 95% Cl: 0.1-1.19 kg), lower-body
strength (4+-8 cm, 95% Cl: 3-13 cm) and motor fitness (—0.4 s, 95% Cl:
—0.82 to [-0.01] s). Figure S3 shows the prospective associations of
pairwise reallocations from lower-intensity behaviours to vigorous PA.

4 | DISCUSSION

Our findings showed that more time in vigorous PA at expenses of
lower intensities (SB, light and moderate PA) were associated with
cross-sectional and prospective benefits on body composition and
fitness in preschoolers. This study corroborates our previous observa-
tions using linear regression and isotemporal substitution models.
Also, interestingly, our time-use reallocation analyses indicate that it is
not relevant which behaviour is replaced, as long as vigorous PA is
increased for most of the outcomes studied.

Vigorous PA was cross-sectionally associated with FFMI and
fitness components in the previous study,'? which is consistent in
these analyses. Both studies show that the time in vigorous PA is
the main driver of the associations. Increasing vigorous PA at
expenses of others may benefit body composition and fitness,
independently of which behaviour is replaced. Similar findings
were obtained in the prospective associations, that is, consistent

¢ isotemporal substitution®

findings across multiple regression,*
and compositional data analysis (present study). Previous studies
have also found consistent findings across isotemporal substitution

models and compositional data analysis,?’

and we hypothesize
that this occurs when the associations are mainly driven by one of
the behaviours (in this case, vigorous PA). The findings were also
robust across models, indicating that the associations are indepen-
dent of potential confounders.

Altogether, previous literature and this study suggest that
increasing vigorous PA is associated with body composition and phys-
ical fitness in preschoolers, while the SB-related findings are inconsis-
tent.131430 A potential explanation is that engaging in vigorous PA
could be more effective than reducing SB to increase energy expendi-
ture in preschoolers and, subsequently, to improve body composition
and physical fitness. Furthermore, the variability of SB, light and mod-
erate PA is rather low in our participants (coefficients of variation of

~0.10, ~0.12 and 0.22, respectively), while the variability of vigorous
PA is higher (i.e., ~0.60), suggesting that there is more room to change
vigorous PA than the other behaviours. The current World Health
Organization PA guidelines recommend 4-year-old to perform at least
180 min/day of PA, of which at least 60 minutes should be of
moderate-to-vigorous intensity.> Our findings support such a recom-
mendation and initiate a debate on whether vigorous PA should be
specifically encouraged rather than moderate-to-vigorous PA in this
age group. In this respect, it is relevant to note that our previous quali-
tative work has shown that preschool teachers and parents perceived
that preschoolers engage in too little vigorous PA.2* Previous research
did not utilize a compositional data approach,**%3° which makes it
difficult to isolate the associations of the different intensities with the
outcome (i.e., those children engaging in more moderate PA are likely
to also engage in more vigorous PA, and this not adjusted for in stan-
dard linear regression models). The guidelines also recommend limiting
sedentary screen time to no more than 60 min/day. Unfortunately,
we do not have an estimate of the specific screen time in our partici-
pants. However, our results do support not limiting the total seden-
tary time for the body composition and the physical fitness in this
early stage of life.

These findings are of relevance for public health strategies to pre-
vent childhood obesity and its comorbidities. This study corroborates
that spending more time in vigorous PA may imply short- and
long-term health benefits already early in life (i.e., preschoolers).
Furthermore, we can now conclude that vigorous PA, and not lower
intensities, is the main driver of the associations. This implies that it is
more relevant to focus on increasing vigorous PA than on reducing SB
in this age group. This study has several limitations to acknowledge
such the relatively small sample size for the prospective analyses as
we excluded participants from the intervention group. Furthermore,
this is an observational analysis and causation cannot be concluded.
Strengths of this study are the accurate methods used to measure PA,
body composition and fitness; the combination of the cross-sectional
and longitudinal design and the use of compositional data analysis to
appropriately account for the multicollinearity of accelerometer-
determined PA data.

5 | CONCLUSION

More time in vigorous PA was associated with short- and long-
term benefits on body composition and fitness in preschoolers,
with vigorous PA being the main driver of these associations. Our
findings using compositional data analysis corroborate our previ-
ously published results using linear regression and isotemporal

substitution models.
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