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Abstract: Most of the studies analyzing the effect of moderate to vigorous physical activity (MVPA)
on children’s health do not contain information on early stages or do not use accurate methods. We
investigated the association between PA and body composition using objective methods, perinatal
data, lifestyle behaviors, and World Health Organization (WHO) physical activity (PA) recommen-
dations. The CALINA study is a longitudinal observational cohort study of children born in Aragon
(Spain) in 2009. A total of 308 7-year-old children (52.3% boys) were assessed. We used dual-energy
X-ray absorptiometry (DXA) and accelerometry. Rapid weight gain until 12 months and lifestyle
behaviors were considered as covariates both in the ANCOVA and linear regression models. A
higher percentage of boys met the WHO PA recommendations compared to girls (69.6% vs. 40.9%,
respectively; p < 0.001). There was a negative association between MVPA and subtotal fat and ab-
dominal fat in both girls and boys. After adjusting for perinatal and lifestyle variables, we found
that subtotal body fat, abdominal fat, and fat mass index (FMI) were significantly lower in those
classified as active. MVPA was associated with body fat both in boys and girls. More research is
needed to identify the cutoffs points of MVPA that generate benefit to boys and girls in all body
composition components.

Keywords: physical activity; children; body composition; accelerometry; dual-energy X-ray absorp-
tiometry

1. Introduction

Obesity is a condition characterized by the excess of body fat, affecting both adults
and children, and there has been an alarming increase of childhood obesity in the last
decades [1]. This is of relevance as both excess body weight and adiposity are associated
with a number of comorbidities affecting almost every system in the body, including psy-
chological problems [2]. These comorbidities are in the top leading causes of death in the
world [3].

Overweight and obesity prevalence in Spanish school-age children in 2019 were
23.3% and 17.9%, respectively [4]. Maternal smoking, rapid infant growth, or short breast-
feeding have shown to be amongst the earliest factors contributing to later excess of body
weight or adiposity [2,5]. However, still there is scarce evidence on large cohorts followed
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since birth to really understand until what extent such factors influence body composition
or future health.

Moreover, already during childhood there are several risk factors for overweight and
obesity such as those related to lifestyle behaviors including eating habits, low levels of
physical activity (PA), or high levels of sedentarism [6,7]. Specifically, previous studies
have shown that in school-aged children, high levels of PA are associated with low body
fat and high muscle mass content [8], as well as low abdominal fat or low risk of cardio-
vascular disease risk factors and metabolic syndrome [9].

Due to the important benefits of practicing PA, the World Health Organization
(WHO) recommended, for children aged 5-17, a minimum of one hour per day of moder-
ate-to-vigorous physical activity (MVPA). Although this recommendation has shown sev-
eral benefits [10], only 5% of the official PA recommendations in Spain are based on the
WHO'’s advice mentioned [11].

Most studies analyzing the influence of PA in children’s body composition do not
account for perinatal data, and many of them do not use accurate methods to assess either
PA (e.g., accelerometery) or body composition (e.g., DXA). In this, caution should be taken
when considering the tool to assess PA levels, as qualitative methods (i.e., questionnaires)
have been shown to differ from objective methods (e.g., accelerometery). For example,
Raask et al. [12] showed that MVPA as assessed with questionnaires was overestimated
in less active boys, but underestimated in more active boys, when compared to accelerom-
etery. Nevertheless, and despite being an objective method, accelerometery also has its
own pitfalls. A previous study [13] highlighted the functional limitations of these weara-
ble devices depending on the population, stating that comparison between studies are
challenging given the different cut-points used. This issue limits the PA interpretation and
comparison between studies and need to be considered in studies assessing PA levels.
Nevertheless, the use of accelerometery with infant populations has shown great accuracy
in previous studies [14,15]. An additional limitation of the existing studies is that they do
not appropriately analyze the influence of current WHO PA recommendations in terms
of compliance in school-age children with regard to body composition indicators [16,17].
Our aim was to investigate such association objectively in a pediatric population, using
accelerometery to assess PA and current WHO recommendations and dual X-ray absorp-
tiometry to assess body composition.

2. Methodology
2.1. Study Design

This study included data from an observational study named “Growth and Feeding
during Early Childhood in Children from Aragén (CALINA)”, which is based on a cohort
of children born in the region of Aragon (Spain) in 2009. The initial sample recruited for
this project included 1602 subjects [18]. These children were followed every month during
the first year of life and every year since then until they reached the age of 7. From Sep-
tember 2016 to September 2017, we contacted all the families recruited in Zaragoza back
in 2009 to be re-assessed, requesting them to attend the laboratory located at the Univer-
sity of Zaragoza. A total of 415 families out of 952 agreed to participate, and 339 were
finally included in this analysis in terms of the variables required for it (176 boys and 163
girls).

This study was approved by the Ethics Committee in Clinical Research of the Gov-
ernment of Aragon (ref. CP PI13/00105, Spain). The project adhered to the Declaration of
Helsinki [19], and all the parents agreed and signed an informed consent form.

2.2. Data Collection

In 2009, the pediatricians of the selected primary care centers collected demographic
data including immigrant background, obstetric history including if the mother smoked
during pregnancy or not, perinatal history, and BMI of parents at child-birth, among other
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data [18]. Moreover, as a growth marker of the early postnatal period, we calculated and

classified the children between those who were rapid weight gainers and those who were

not on the basis of the definition of rapid weight gain (RWG), when a positive change in
weight-for-age z-score > 0.67 between birth and 12 months [20]. Weight and recumbent
height during the first year of life was measured by well-trained health professionals.

At this stage, demographic factors such as migrant background were also obtained,
as well as maternal lifestyle behavior such as smoking habit during pregnancy, which
were subsequently used in this analyses as covariates. The election of these variables as
covariates were based on the results obtained by a colleague who observed in a recent
publication that in our sample, migrant background of the mother, smoking habit during
pregnancy, RWG, and maternal and paternal BMI were associated with body composition
of children belonging to our study but in a previous follow-up (when they were around 6
years). These variables then, including parental BMI, were used as covariates in our study
by assuming that will be also related with their children body composition at the age of
approximately 7 years old.

Maternal and paternal BMI were self-reported in the follow-up performed between
2016 and 2017 and also used as covariates in this analysis.

In the 20162017 assessment, we collected the following data from the children when
they were approximately 7 years-old:

Weekly screen time (WST): Using a previously validated questionnaire, parents re-
ported the number of hours of TV/DVD/video viewing and computer/game console use
of their child both for a typical day on weekdays and on weekend days. We summed the
reported hours per day on weekdays and weekend days to obtain the total WST (hours in
week days + hours in weekend days/7 days per week) [21].

Physical activity (PA): PA was objectively assessed with an Actigraph accelerometer
(Actigraph GT3X; Manufacturing Technology Inc. Pensacola, FL, USA). Subjects were
asked to wear the belt-like accelerometer on the hip all day during a complete week or at
least 3 days per week and 1 day per weekend, recording a minimum of 5 h per day. Chil-
dren and their parents were instructed to remove the accelerometer only during water-
based activities, sleeping, and impact sports, registering duration and reason for removal
in a formulary. PA was expressed as average in counts per minute (cpm) and minutes per
day of light, moderate, and moderate-to-vigorous PA according to Evenson cut-points
[22], with light/moderate PA (101-2295 cpm) and MVPA (22296 cpm). According to WHO
recommendations for PA [23], we classified the sample into two groups: active children,
including those who did 60 or more minutes per day of MVPA, and inactive children,
those performing less than 60 min of MVPA per day.

Diet: Dietary intake was self-reported by parents through a semi-quantitative food
frequency questionnaire (FFQ) [24,25] that had been previously used and validated in the
multifactorial evidence-based approach using behavioral models in understanding and
promoting fun, healthy food, play, and policy for the prevention of obesity in early child-
hood study (ToyBox-study). In short, the FFQ consists of a list of foods and beverages
with response categories to indicate usual frequency of consumption over the selected
time period. We calculated the Diet Quality Index (DQI), which is a largely used index, in
cohorts with similar characteristics in order to assess diet in terms of three subcompo-
nents: dietary diversity, quality, and equilibrium [26].

Body composition:

1. Height and weight measurements were measured using a stadiometer with a preci-
sion of 1 mm (SECA 225, Germany) and Bioimpedance (BI) (Tanita BC-418, Japan)
scale. Determination of z-score values of BMI for age (z-BMI) for girls and for boys
was performed using the WHO Anthro Software, according to the WHO growth
standards of 2006-2007 [27].

2. Dual-energy X-ray absorptiometry (DXA). DXA scans were performed in a supine
position, wearing light clothing with no metal and no shoes or jewelry (21). All DXA
scan tests were analyzed by the same researcher using Hologic Explorer scanner and
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a pediatric version of the software QDR-Explorer, Hologic Corp., software version
12.4 (Bedford, MA, USA). Lean mass (body mass— (FM + bone mass)), percentage
body fat mass (percentage of fat grams/total mass). Fat mass index (FMI) was a con-
tinuous variable calculated for each participant from data obtained from DXA as fat
mass in kilograms/height in square meters. Additionally, fat-free mass index (FFMI)
kg/height in meters? was also used in this study [28]. Abdominal adiposity was as-
sessed at a delimited region that was drawn on the digital scan image, delimiting the
lower horizontal border on the top of the iliac crest and the upper border parallel to
the end of the lowest rib [29].

2.3. Statistical Analysis

All analyses were conducted with the SPSS program v22. First, we studied the de-
scriptive characteristics of the sample. Chi squared tests were used to contrast differences
between groups in case of categorical variables, and t-test or Mann-Whitney test were
used for continuous variables depending on the assumption of normality. Statistical sig-
nificance was set at p < 0.05. We studied the differences in body composition variables
between two groups: those who met the PA recommendations and those who did not,
using t-test or Mann-Whitney test.

Linear regression models were performed to check the associations between PA (in
minutes of MVPA per week) and different body composition items. Three models were
created: the first one without any adjustment, the second model was adjusted by RWG,
BMI of the parents, and smoking and migrant status of the mother at birth of the child, as
well as the z-score BMI of the children at 7 years. The third model was also adjusted by
DQI and WST.

Finally, both in active and inactive children (when they meet or not PA recommen-
dations), we performed an estimation of body composition parameters using analysis of
covariance (ANCOVA) models adjusted by z-BMI if they had or did not have RWG, BMI
of the parents, smoking habit of the mother during pregnancy, education of the mother,
origin of the family, DQI, and WST.

3. Results

The characteristics of the sample are shown in Table 1. From the 308 subjects, 161
were boys and 147 were girls. When comparing boys to girls, boys had significantly lower
subtotal fat mass and FMI, and significantly higher subtotal lean mass and FFMI (Table
1). Moreover, boys had significantly lower abdominal fat than girls.

Table 1. Main characteristics of the sample.

Body Composition

Total N =308 Boys N =161 Girls N=147
Mean (95% CI) Mean (95% CI) Mean (95% CI)

Height (m)? 1.26 (1.25-1.27) 1.27 (1.26-1.28) 1.25 (1.24-1.26) 0.04

Weight (Kg)»  27.40 (26.82-27.96) 27.81 (26.98-28.63) 26.93 (26.15-27.72)  0.34
Subtotal fat (g) = 7.00 (6.68-7.32) 6.55 (6.11-6.99) 7.49 (7.04-7.95)  <0.001
Subtotal fat (%) @ 29.19 (28.44-29.94) 26.74 (25.79-27.69) 31.87 (30.85-32.89) <0.001
Subtotal lean (g) * 16.29 (15.99-16.59) 17.10 (16.67-17.52) 15.41 (15.03 -15.35) <0.001

BMI (Kg/m?)=  17.14 (16.88-17.41) 17.19 (16.81-17.56) 17.09 (16.71-17.47)  0.99

z-BMI (Kg/m?)® 0.71 (1.15) 0.76 (1.26) 0.64 (1.02) 0.52
FMI (Kg/m?) 4.36 (4.18-4.56) 4.02 (3.78-4.27) 4.74 (4.48-5.00)  <0.001
FFMI (Kg/m?)»  10.20 (10.08-10.32) 10.57 (10.40-10.74)  9.79 (9.64-9.95)  <0.001
355.25 (329.06— 327.68 (292.28— 385.46 (346.76—

381.86) 363.07) 424.16)

p-Value

Abdominal fat (g) 2 0.001
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975.16 (931.30-
1019.02)
Abdominal fat (%) 2 24.39 (23.51-25.26) 22.34 (21.28-23.4) 26.63 (25.29-27.96) <0.001

Lifestyle Behaviors

Abdominal lean (g) 0.26

1.01 (0.975-1.042)  1.039 (989-1.089)

Total N = 308 Boys N =161 Girls N =147 p-Value
Mean (95% CI) Mean (95% CI) Mean (95% CI)
DQI (%) @ 81 (80-82) 82 (80-83) 80 (78-82) 0.33
WST (mins) @ 779 (736-821) 825 (763-887) 728 (671-786) 0.018
MVPA (min/day) 65 (63-68) 73 (69-76) 58 (55-61) <0.001
Meeting WHO MVPA % (1) % (1) % (1)
recommendations
Yes (active) 55.8 (184) 69.6 (119) 40.9 (65) <0.001
No (inactive) 44.2 (146) 304 (52) 59.1 (94)
Family and Perinatal Factors
Total N =308 Boys N =161 Girls N =147 Val
% (n) % (n) % (1) prvatme
Family origin »
Immigrant 11.4 (35) 8.1 (13) 15 (22) 0.072
Spanish 88.6 (273) 91.9 (148) 85 (125)
RWG at 12 months @
Yes 35.9 (106) 38.1(59) 33.6 (47) 0.47
No 64.1 (189) 61.9 (95) 66.4 (93)
Smoking during pregnancy 2
Yes 15.3 (47) 15.5 (25) 15 (22) 1
No 84.7 (261) 84.5 (136) 85 (125)
Mean (CI) Mean (CI) Mean (CI)

Maternal BMI (kg/m?) @ 23.69 (23.20-24.19) 24.04 (23.33-24.75) 23.32 (22.62-24.01)  0.118
Parental BMI (kg/m?) * 2585 (2549-26.20) 26.04 (25.54-26.55) 25.64 (25.13-26.14)  0.278

Statistically significant differences (p < 0.05) are highlighted in bold. Mann-Whitney test was used
for studying differences between boys and girls for non-parametric variables * (where CI are pre-
sented) and t-test for parametric variables * (where SD is presented). The sample for the variable
RWG was 295 due to the loss of follow-up of some children in the first year. BMI: body mass in-
dex; FMI: fat mass index; FFMI: fat-free mass index; DQI: dietary quality index; WST: weekly
screen time; WHO: World Health Organization; MVPA: moderate-to-vigorous PA.

According to lifestyle behaviors, boys exhibited a significantly higher screen time use
per week than girls of 825 min (CI 763 min-887 min) vs. 728 min (CI 671 min-786 min),
respectively (p = 0.018), while there were no significant differences for DQI. Moreover, a
significantly higher percentage of boys met WHO PA recommendations (69.6% vs. 40.9%,
respectively; p <0.001) and achieved higher amount of MVPA per day 73 min/day (CI 69—
76) vs. 57.61 min/day (CI 55-61), respectively; p <0.001) than girls. We did not find statis-
tical differences for family origin, RWG during the first 12 months of life, or maternal BMI
before pregnancy between boys and girls.

After adjusting by RWG, parental BMI, maternal smoking during pregnancy, origin
of the mother, child BMI z-score at 7 years, DQI, and WST, we found that body subtotal
fat, abdominal fat, and FMI were all significantly lower both in boys and girls meeting PA
recommendations (Table 2). Active boys had significantly lower subtotal fat mass, lower
FMI, higher FFM]I, less abdominal fat mass, and less abdominal percentage of fat than
inactive boys. Active boys also had significantly lower total body percentage of fat. In
girls, active individuals had less subtotal fat mass, lower FMI, higher FFMI, less ab-
dominal fat mass, less abdominal percentage of fat, and less total body percentage of fat
(Table 2).

Table 2. Adjusted means of body composition parameters between being active or not by sex.
Data are adjusted by RWG, BMI of the parents, smoking during pregnancy, migrant origin of the
mother, child BMI z-score at 7 years, DQI, and WST.
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Subtotal Fat Mass (kg) Subtotal Lean Mass (kg)
Mean SE Mean SE
Boys
Active 6.322 0.13 17.228 0.188
Inactive 7.149 0.20 16.748 0.283
p-value 0.001 0.16
Girls
Active 7.02 0.182 15.631 0.238
Inactive 7.74 0.147 15.138 0.192
p-value <0.01 0.12
FMI FFMI
Mean SE Mean SE
Boys
Active 3.87 0.069 10.63 0.057
Inactive 4.40 0.105 10.36 0.085
p-value <0.001 <0.001
Girls
Active 4.48 0.09 9.98 0.083
Inactive 4.88 0.08 9.61 0.067
p-value <0.001 0.001
Abdominal Fat Mass (g) Abdominal Lean Mass (g)
Mean SE Mean SE
Boys
Active 309.68 13.50 1048.98 24.15
Inactive 371.75 20.39 1032.74 26.45
p-value 0.013 0.71
Girls
Active 347.23 17.99 984.61 30.75
Inactive 400.32 14.54 945.17 24.87
p-value 0.025 0.33
Abdominal Fat (%) Total Body Fat (%)
Mean SE Mean SE
Boys
Active 21.39 0.45 25.90 0.34
Inactive 24.48 0.68 28.88 0.52
p-value <0.001 <0.01
Girls
Active 24.50 0.69 30.21 0.54
Inactive 27.97 0.56 32.94 0.44
p-value <0.001 <0.01

Statistically significant differences (p < 0.05) are highlighted in bold. SE: standard error; FMI: fat
mass index; FFMI: fat-free mass index; DQI: diet quality index; WST: weekly screen time.

Associations between PA and body composition accounting for family, perinatal,
postnatal, and lifestyle behavior variables are shown in Table 3 for boys and girls. In all
regression models, irrespective of further adjustments, there was a significant negative
association between MVPA and subtotal fat mass, abdominal fat percentage, and FMI in
both girls and boys. There was also a significant positive association between MVPA and
FFMI, and there were no significant association between subtotal lean mass and PA nei-
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ther in boys nor girls. In models 2 and 3, these associations remained significant after ad-
justing by RWG, parental BMI, maternal smoking during pregnancy, origin of the family,
child BMI z-score at 7 years, DQI, and WST.

Table 3. Associations between MVPA and body composition parameters. Each model was ad-
justed by a number of perinatal and lifestyle behavior variables, as pointed out below.

Model 1 Model 2 Model 3
Boys Girls Boys Girls Boys Girls
B p-Value B p-Value B p-Value B p-Value B p-Value B p-Value
Subtotal fatmass ) v\ 05 _00s3 0037 -0.092 0022 -0100 0016 -0.076 0061 -0104 0.013
(9]
Subtotal lean
0079 014 0033 059 009 0111 0094 015 0109 0057 010 0.127
mass (g)
Abdominalfat o om0 0004 061 0024 063 -0052 028 -0007 089 0063 020
mass (g)
Abdominal lean
) 0099 010 0092 017 0108 008 0124 009 0125 005 0111 0.3
Abdominal fat
Ozf;;‘a & 0128 001 -0129 001 -0.150 0.008 -0.170 0.001 -0.143 0.013 -0.173 0.001
FMI (Kg/m?) -0.108 0.002 -0.081 0.03 -0.116 0.002 -0.109 0.004 -0.109 0.005 -0.113 0.004
FFMI (Kg/m?) 0084 006 0102 0.05 0123 0.004 -0.108 0005 0125 0.004 0160 0.004

Model 2: Adjusted by RWG, BMI of the parents, and smoking and migrant status of the mother at birth of the child, BMI
z-score of the children at 7 years. Model 3: adjustments of model 2 + DQI and WST. Associations were analyzed by lineal
regression in 3 models adjusted by different variables. Statistically significant associations (p < 0.05) are highlighted in
bold.  corresponds to standardized coefficients. RWG: rapid weight gain; BMI: body mass index; DQI: diet quality index;
WST: weekly screen time; FMI: fat mass index; FEMI: fat-free mass index.

4. Discussion

As far as we are concerned, this is the first study to assess body composition param-
eters using DXA in such a high number of 7-year-old children followed up since they were
born. The main outcome of this study was that active boys and girls (i.e., the group who
met WHO PA recommendations) had lower percentage of fat mass and higher percentage
of fat-free mass than their non-active counterparts.

Previous studies showed that higher levels of MVPA are associated with a better
body composition in children and a lower cardiovascular risk [10]. These are the main
reasons why WHO recommendations include performing at least 60 min of MVPA per
day in school-age children [23]. However, there is a limited number of studies examining
the benefits of meeting these recommendations in terms of body composition in children
or later outcomes.

After adjusting by BMI and perinatal factors, both boys and girls had a significantly
negative association between PA and fat mass. This association has been witnessed before
in studies using samples with 9-10-year-old children [30]. Moreover, in a 3-year longitu-
dinal study [31], Ara et al. showed that children who regularly participated in at least 3 h
per week of sports activities were more prone to avoid total and regional fat mass accu-
mulation. Furthermore, in adolescents participating in the HELENA study [29], it was re-
vealed that MVPA was associated with total and central body fat in adolescents from sev-
eral countries of Europe. However, this was performed in adolescents not in children.

Our final outcome of interest was to observe differences in body composition on the
basis of the fulfillment of MVPA recommendations. We observed both boys and girls in
terms of fat mass and lean mass (in girls for lean component only for FEMI). However,
other authors, on the basis of a large cohort of European children, observed that current
PA recommendations were appropriate for girls but not for boys in terms of reducing
cardiovascular risk factors [9]. In this sense, Andersen et al. [32] showed that 85 min of
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daily PA (rather than 60 min) is likely to be a more appropriate threshold to try reducing
cardiovascular risk in boys. Moreover, recently, a very similar publication [33] based on a
sample of children from the south of Spain also elucidated that while a low proportion of
school-aged children met PA WHO recommendations, a higher proportion of them
showed normal weight, no abdominal obesity, and low adiposity in comparison with
those who did not meet the recommendations. This is evidence that future studies should
elucidate on the effects of lifestyle behaviors including PA, already at early stages, in order
to reduce adiposity but also to improve the indices of early cardiovascular risk.

In Canada and the United States, there are no studies analyzing the benefits of ac-
complishing the PA WHO recommendations in body composition in young children, but
there is a further 24-h movement guideline that includes three main recommendations to
avoid body composition impairments: 9 to 11 h/night of sleep, < 2 h/day of screen time,
and at least 60 min/day of MVPA. On the basis of the results on a recent systematic review
considering these three factors, PA specifically, MVPA was most consistently associated
with desirable health indicators, including adiposity, in comparison with the other two
[34]. In a study from Roman-Vifias [35], the main conclusion was that meeting the 24-h
PA recommendation elicited a reduced z-BMI. The same results were observed in adoles-
cents [36], with those who met the WHO recommendations having a lower BMI and lower
levels of total and central body fat.

According to the fat-free mass variable, boys showed significantly higher fat-free
mass than girls. This difference in body composition between boys and girls might be
explained due to a different biological distribution of fat and also because boys usually
perform higher levels of PA than girls. In the IDEFICS study [8,21], boys also showed
slightly higher mean values in all PA variables except for light PA and inactive time.
Moreover, in the same study, the proportion of children who watch TV more than 1 h/day
was 29% (33% of males and 25% of females), more evident during weekend days. In pre-
vious studies [37], boys had less inactive time but more screen time than girls.

One of the major strengths of this study is that it is based on a longitudinal cohort of
children, which is the largest recruited in the region of Aragon in Spain. We had primarily
perinatal and family collected data from these children from birth, which strengthens this
kind of analysis in children between lifestyle behaviors and body composition. Body com-
position variables were assessed through anthropometry and also with DXA, which is
considered an accurate and precise method especially for body composition measure-
ments. PA data were collected using accelerometers, instead of questionnaires, which is
also a more reliable method [22]. Furthermore, the measurements were performed by a
trained group of health professionals. Lastly, the fact that we took into account other life-
style behaviors such as diet or sedentarism to adjust our analyses allowed us to decrease
potential bias in our results.

However, this study is not without limitations. The main limitation is that the chil-
dren included in our sample were selected by convenience and those who accepted at 7
years were perhaps those from families that care about health and give more importance
to monitor health-related habits; however, we cannot confirm if there is a sample bias in
our results. Moreover, the fact that we restricted the validity of the accelerometer meas-
urements to 5 h per day instead of 8 h as recommended, which was done in order to in-
crease the sample size, might suppose an underestimation of total MVPA, but this bias
probably underestimates the power of our results too, but going in the same direction in
view of the available literature. However, there might have been cases wherein the same
children recorded 5 h as a minimum for some of the days, but others more than that, and
previous authors have described the validity of 4 to 5 days as reliable (0.80) as children of
these ages varied their day-to-day MVPA less than older children [38]. In this sense, it is
also worth mentioning that it would have been of interest to also assess the PA at light
levels as it might be more accurate and representative at these ages. However, evidence
on the impact of PA of light intensity on adiposity and cardiometabolic risk markers is
still not sufficiently supported and controversial [39]. Finally, it is worth mentioning that
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References

DXA assessments were not performed in fasting status but on early afternoon during
weekdays. There is no evidence in terms of children, but in adults [40], similarly for males
and females, it seems that after feeding, independently of macronutrient composition,
there is an over estimation of lean mass in detriment of fat mass. However, in this study,
assessment was performed just after meals (but not clearly specified what time after),
while in our study, a minimum of 2 h was passed.

5. Conclusions

Despite the fact that the results are applicable only to a sample of children from a
region of northern Spain, these children belong to a cohort that was initially representative
(at birth) of this region, and therefore valid in terms of sociodemographic representation.
Moreover, the standardized procedures and the well-trained health professionals in
charge of the measurements, together with the fact that the obtained results are in line
with those obtained in bigger studies, allow us to conclude that, since early ages, it seems
that there is a large difference between PA levels between boys and girls, although there
is also an important difference in screen time in favor of girls in this case. As early as
during childhood, these differences are already remarkable in terms of body composition,
specifically in terms of fat mass being higher in girls and lean mass being higher in boys.
Moreover, apart from gender differences, it seems that those meeting WHO PA recom-
mendations have a benefit in terms of body composition, especially in total body fat and
abdominal fat. Future research questions should address what the barriers for children
are in order to meet PA recommendations, especially for girls, so that we can develop
intervention studies focusing on propitiating a friendly environment for the practice of
MVPA. Finally, it would be ideal to follow these kinds of longitudinal studies until later
stages in life in order to better understand the weight of these factors in the development
of future chronic diseases.

Author Contributions: Conceptualization, P.F.-S., G.R.-M., and LI; methodology, LI, BM.-P,,
L.AM.-A,, and G.R.-M,; formal analysis, P.F.-S., L1, and G.R.-M.; investigation, P.F.-S., LI, B.M.-P.,
M.LM.-B,, P.F.-B,, and G.R.-M; resources, G.R.-M.; data curation, L.I.; writing—original draft prep-
aration, P.F.-S.; writing —review and editing, P.F.-S., LI, BM.-P,, M.L.M.-B., P.F.-B., L. AM.-A., and
G.R.-M.; supervision, L.A.M.-A. and G.R.-M.; project administration, G.R.-M. funding acquisition,
G.R.-M. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by three grants from the Carlos III Health Institute: (i)
PI08/0559: Aragon Health Sciences Institute for the project Growth and Feeding in Infants from Ara-
gon (CALINA); (ii) PI13/02359 environmental factors influencing early development of obesity dur-
ing childhood and body composition programming; and (iii) RD12/0026: Maternal, Child Health
and Development Network (Retic SAMID) RETICS funded by the PN I + D+I 2008-2011 (Spain),
ISCIII-Sub-Directorate General for Research Assessment and Promotion and the European Regional
Development Fund (ERDEF).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of CEIC Aragén (CEICA) (pro-
tocol code PI13/00105, date of approval 5 October 2016).

Informed Consent Statement: Informed consent was obtained from all the parents of the children
involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to data protection issues.

Acknowledgments: Thanks to the CALINA children and their parents who generously volunteered
and participated in this project.

Conflicts of Interest: The authors declare no conflict of interest.



Children 2021, 8, 341 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

Ogden, C.L.; Carroll, M.D.; Lawman, H.G.; Fryar, C.D.; Kruszon-Moran, D.; Kit, B.K.; Flegal, K.M. Trends in Obesity Prevalence
Among Children and Adolescents in the United States, 1988-1994 Through 2013-2014. . Am. Med. Assoc. 2016, 315, 2292-2299,
doi:10.1001/jama.2016.6361.

Kumar, S.; Kelly, A.S. Review of Childhood Obesity: From Epidemiology, Etiology, and Comorbidities to Clinical Assessment
and Treatment. Mayo. Clin. Proc. 2017, 92, 251-265, doi:10.1016/j.mayocp.2016.09.017.

World Health Organization. Noncommunicable Diseases. 2018. Available online: https://www.who.int/news-room/fact-
sheets/detail/noncommunicable-diseases (accessed on 7 April 2021).

Evaluacién y Seguimiento de la Estrategia NAOS: Conjunto Minimo de Indicadores. 2010. Available online:
http://www.aecosan.msssi.gob.es/ AECOSAN/web/nutricion/subseccion/indicadores.htm (accessed on 15 March 2021).
Monasta, L.; Batty, G.D.; Cattaneo, A.; Lutje, V.; Ronfani, L.; Van Lenthe, F.J.; Brug, ]. Early-life determinants of overweight and
obesity: A review of systematic reviews. Obes. Rev. 2010, 11, 695-708, d0i:10.1111/j.1467-789X.2010.00735.x.

Duncanson, K.; Shrewsbury, V.; Burrows, T.; Chai, L.K.; Ashton, L.; Taylor, R.; Gow, M.; Ho, M; Ells, L.; Stewart, L.; et al. Impact
of weight management nutrition interventions on dietary outcomes in children and adolescents with overweight or obesity: A
systematic review with meta-analysis. ]. Hum. Nutr. Diet. 2021, 34, 147-177, doi:10.1111/jhn.12831.

Wu, X.Y.,; Han, L.H.; Zhang, ].H.; Luo, S.; Hu, J.W.; Sun, K. The influence of physical activity, sedentary behavior on health-
related quality of life among the general population of children and adolescents: A systematic review. PLoS ONE 2017, 12,
e0187668, d0i:10.1371/journal.pone.0187668.

Herrmann, D.; Buck, C.; Sioen, I.; Kouride, Y.; Marild, S.; Molnar, D.; Mouratidou, T.; Pitsiladis, Y.; Russo, P.; Veidebaum, T.; et
al. Impact of physical activity, sedentary behaviour and muscle strength on bone stiffness in 2-10-year-old children-cross-
sectional results from the IDEFICS study. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 112, d0i:10.1186/s12966-015-0273-6.
Jiménez-Pavon, D.; Konstabel, K.; Bergman, P.; Ahrens, W.; Pohlabeln, H.; Hadjigeorgiou, C.; Siani, A.; Iacoviello, L.; Molnar,
D.; De Henauw, S.; et al. Physical activity and clustered cardiovascular disease risk factors in young children: A cross-sectional
study (the IDEFICS study). BMC Med. 2013, 11, 172, d0i:10.1186/1741-7015-11-172.

Poitras, V.J.; Gray, C.E.; Borghese, M.M.; Carson, V.; Chaput, J.-P.; Janssen, I.; Katzmarzyk, P.T.; Pate, R.R.; Gorber, S.C.; Kho,
M.E,; et al. Systematic review of the relationships between objectively measured physical activity and health indicators in
school-aged children and youth. Appl. Physiol. Nutr. Metab. 2016, 41 (Suppl. 3), S197-5239, doi:10.1139/apnm-2015-0663.
Chodzko-Zajko, W.].; Schwingel, A.; Romo-Pérez, V. A critical analysis of physical activity recommendations in Spain. Gac.
Sanit. 2012, 26, 525-533, d0i:10.1016/j.gaceta.2011.10.019.

Réask, T.; Mdestu, ].; Latt, E.; Jiirimae, J.; Jirimée, T.; Vainik, U.; Konstabel, K. Comparison of IPAQ-SF and Two Other Physical
Activity ~ Questionnaires ~ with  Accelerometer in  Adolescent Boys. PLoS ONE 2017, 12, e0169527,
doi:10.1371/journal.pone.0169527.

Strath, S.J.; Pfeiffer, K.A.; Whitt-Glover, M.C. Accelerometer use with children, older adults, and adults with functional
limitations. Med. Sci. Sports Exerc. 2012, 44 (Suppl. 1), S77-585, d0i:10.1249/MSS.0b013e3182399eb1.

Westerterp, K.R. Physical activity assessment with accelerometers. Int. |. Obes. Relat. Metab. Disord. 1999, 23 (Suppl. 3), 545-549,
doi:10.1038/sj.ij0.0800883.

Migueles, ]. H.; Cadenas-Sanchez, C.; Ekelund, U.; Nystrom, C.D.; Mora-Gonzalez, J.; L6f, M.; Labayen, I.; Ruiz, ].R.; Ortega, F.B.
Accelerometer Data Collection and Processing Criteria to Assess Physical Activity and Other Outcomes: A Systematic Review
and Practical Considerations. Sports Med. 2017, 47, 1821-1845, d0i:10.1007/s40279-017-0716-0.

Steene-Johannessen, J.; Anderssen, S.A.; van der Ploeg, H.P.; Hendriksen, I.].M.; Donnelly, A.E.; Brage, S.; Ekelund, U. Are Self-
report Measures Able to Define Individuals as Physically Active or Inactive? Med. Sci. Sports Exerc. 2016, 48, 235-244,
doi:10.1249/MSS.0000000000000760.

Guinhouya, B.; Samouda, H.; de Beaufort, C. Level of physical activity among children and adolescents in Europe: A review of
physical activity assessed objectively by accelerometry. Public Health 2013, 127, 301-311, doi:10.1016/j.puhe.2013.01.020.
Cuadroén Andrés, L.; Samper Villagrasa, M.P.; Alvarez Sauras, M.L.; Lasarte Velillas, J.J.; Rodriguez Martinez, G.; Calina, G.C.
Breastfeeding prevalence during the first year of life in Aragon. CALINA study. An. Pediatr. 2013, 79, 312-318,
doi:10.1016/j.anpedi.2013.03.010.

Human, D. Declaration of Helsinki. Lancet 2001, 357, 236, d0i:10.1016/S0140-6736(05)71342-8.

Nanri, H.; Shirasawa, T.; Ochiai, H.; Nomoto, S.; Hoshino, H.; Kokaze, A. Rapid weight gain during infancy and early childhood
is related to higher anthropometric measurements in preadolescence. Child Care Health Dev. 2017, 43, 435-440,
doi:10.1111/cch.12455.

Santaliestra-Pasias, A.M.; Mouratidou, T.; Verbestel, V.; Bammann, K.; Molnar, D.; Sieri, S.; Siani, A.; Veidebaum, T.; Marild, S.;
Lissner, L.; et al. Physical activity and sedentary behaviour in European children: The IDEFICS study. Public Health Nutr. 2014,
17, 2295-2306, d0i:10.1017/51368980013002486.

Cooper, A.R.; Goodman, A.; Page, A.S; Sherar, L.B.; Esliger, D.W.; Van Sluijs, E.M.; Andersen, L.B.; Anderssen, S.; Cardon, G,;
Davey, R.; et al. Objectively measured physical activity and sedentary time in youth: The International children's accelerometry
database (ICAD). Int. J. Behav. Nutr. Phys. Act. 2015, 12, 113, d0i:10.1186/s12966-015-0274-5.

WHO. About WHO Guidelines. 2017. Available online: https://www.who.int/maternal_child_adolescent/guidelines/about-
guidelines/en/ (accessed on 15 March 2021).



Children 2021, 8, 341 11 of 11

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Manios, Y.; Androutsos, O.; Katsarou, C.; Iotova, V.; Socha, P.; Geyer, C.; Moreno, L.; Koletzko, B.; De Bourdeaudhuij, I.
Designing and implementing a kindergarten-based, family-involved intervention to prevent obesity in early childhood: The
ToyBox-study. Obes. Rev. 2014, 15 (Suppl. 3), 5-13, doi:10.1111/0br.12175.

Mouratidou, T.; Miguel, M.L.; Androutsos, O.; Manios, Y.; De Bourdeaudhuij, I.; Cardon, G.; Kulaga, Z.; Socha, P.; Galcheva, S.;
Iotova, V.; et al. Tools, harmonization and standardization procedures of the impact and outcome evaluation indices obtained
during a kindergarten-based, family-involved intervention to prevent obesity in early childhood: The ToyBox-study. Obes. Rev.
2014, 15 (Suppl. 3), 53-60, d0i:10.1111/0br.12183.

Huybrechts, I; Vereecken, C.; De Bacquer, D.; Vandevijvere, S.; Van Oyen, H.; Maes, L.; Vanhauwaert, E.; Temme, L.; De Backer,
G.; De Henauw, S. Reproducibility and validity of a diet quality index for children assessed using a FFQ. Br. . Nutr. 2010, 104,
135-144, d0i:10.1017/S0007114510000231.

Group WMGRS. WHO Child Growth Standards based on length/height, weight and age. Acta Paediatr Suppl. 2006, 450, 76-85.
Vanltallie, T.B.; Yang, M.U.; Heymsfield, S.B.; Funk, R.C.; A Boileau, R. Height-normalized indices of the body's fat-free mass
and fat mass: Potentially useful indicators of nutritional status. Am. J. Clin. Nutr. 1990, 52, 953-959, doi:10.1093/ajcn/52.6.953.
Moliner-Urdiales, D.; Ruiz, J.R.; Ortega, F.B.; Rey-Lopez, J.P.; Vicente-Rodriguez, G.; Espana-Romero, V.; Munguia-Izquierdo,
D.; Castillo, M.J.; Sjostrom, M.; Moreno, L.A. Association of objectively assessed physical activity with total and central body
fat in Spanish adolescents; the HELENA Study. Int. J. Obes. 2009, 33, 1126-1135, d0i:10.1038/ijo.2009.139.

Ekelund, U.; Sardinha, L.B.; A Anderssen, S.; Harro, M.; Franks, P.W_; Brage, S.; Cooper, A.R.; Andersen, L.B.; Riddoch, C,;
Froberg, K. Associations between objectively assessed physical activity and indicators of body fatness in 9- to 10-y-old European
children: A population-based study from 4 distinct regions in Europe (the European Youth Heart Study). Am. J. Clin. Nutr. 2004,
80, 584-590, doi:10.1093/ajcn/80.3.584.

Ara, I; Vicente-Rodriguez, G.; Perez-Gomez, ].; Jimenez-Ramirez, J.; A Serrano-Sanchez, J.; Dorado, C.; Calbet, J.A.L. Influence
of extracurricular sport activities on body composition and physical fitness in boys: A 3-year longitudinal study. Int. . Obes.
2006, 30, 1062-1071, doi:10.1038/sj.ijo.0803303.

Andersen, L.B.; Riddoch, C.; Kriemler, S.; Hills, A.P. Physical activity and cardiovascular risk factors in children. Br. ]. Sports
Med. 2011, 45, 871-876, doi:10.1136/bjsports-2011-090333.

Lopez-Gil, J.F.; Brazo-Sayavera, J.; De Campos, W.; Lucas, J.L.Y. Meeting the Physical Activity Recommendations and Its
Relationship with Obesity-Related Parameters, Physical Fitness, Screen Time, and Mediterranean Diet in Schoolchildren.
Children 2020, 7, 263, d0i:10.3390/children7120263.

Saunders, T.].; Gray, C.E.; Poitras, V.]J.; Chaput, J.-P.; Janssen, I.; Katzmarzyk, P.T.; Olds, T.; Gorber, S.C.; Kho, M.E.; Sampson,
M.; et al. Combinations of physical activity, sedentary behaviour and sleep: Relationships with health indicators in school-aged
children and youth. Appl. Physiol. Nutr. Metab. 2016, 41 (Suppl. 3), S283-5293, doi:10.1139/apnm-2015-0626.

Roman-Vinas, B.; Chaput, ]J.P.; Katzmarzyk, P.T.; Fogelholm, M.; Lambert, E.V.; Maher, C.; Maia, J.; Olds, T.; Onywera, V;
Sarmiento, O.L.; Standage, M. Proportion of children meeting recommendations for 24-hour movement guidelines and
associations with adiposity in a 12-country study. Int. . Behav. Nutr. Phys. Act. 2016, 13, 123, doi:10.1186/5s12966-016-0449-8.
Martinez-Gomez, D.; Ruiz, ].R.; Ortega, F.B.; Veiga, O.L.; Moliner-Urdiales, D.; Mauro, B.; Galfo, M.; Manios, Y.; Widhalm, K.;
Béghin, L.; et al. Recommended levels of physical activity to avoid an excess of body fat in European adolescents: The HELENA
Study. Am. J. Prev. Med. 2010, 39, 203-211, doi:10.1016/j.amepre.2010.05.003.

Leblanc, A.G.; Katzmarzyk, P.T.; Barreira, T.V.; Broyles, S.T.; Chaput, ].-P.; Church, T.S.; Fogelholm, M.; Harrington, D.M.; Hu,
G.; Kuriyan, R.; et al. Correlates of Total Sedentary Time and Screen Time in 9-11 Year-Old Children around the World: The
International Study of Childhood Obesity, Lifestyle and the Environment. PLoS ONE 2015 10, e0129622,
doi:10.1371/journal.pone.0129622.

Trost, S.G.; Pate, R.R.; Freedson, P.S,; Sallis, ].F.; Taylor, W.C. Using objective physical activity measures with youth: How many
days of monitoring are needed? Med. Sci. Sports Exerc. 2000, 32, 426431, doi:10.1097/00005768-200002000-00025.

Ayala-Marin, A.M.; Iguacel, I.; De Miguel-Etayo, P.; Moreno, L.A. Consideration of Social Disadvantages for Understanding
and Preventing Obesity in Children. Front. Public Health 2020, 8, 423, d0i:10.3389/fpubh.2020.00423.

Tinsley, G.M.; Morales, E.; Forsse, ].S.; Grandjean, P.W. Impact of Acute Dietary Manipulations on DXA and BIA Body
Composition Estimates. Med. Sci. Sports Exerc. 2017, 49, 823-832, d0i:10.1249/MSS.0000000000001148.



