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Abstract

Summary Research in bone health during childhood is limited and important to prevent future diseases, particularly, osteo-
porosis. Bone parameters using DXA and pQCT in 295 Spanish children were evaluated and we found a benefit of meeting
the World Health Organization physical activity recommendations in bone composition in childhood.

Purpose To investigate the association between physical activity (PA) and bone health in a Spanish paediatric cohort, con-
sidering the influence of meeting/not meeting the current World Health Organization (WHO) PA recommendations and to
elucidate if there are differences between boys and girls.

Methods In a cohort of children born in the region of Aragon (Spain) in 2009, followed until the age of 7 years, bone param-
eters were assessed using dual-energy X-ray absorptiometry (DXA) (whole body scan) and peripheral quantitative computed
tomography (pQCT) (tibia scanned at the 8% (distal) and 38% (diaphyseal) of the total tibia length) in 295 7-year-old children
(154 boys) in the last evaluation performed between 2016 and 2017. PA was assessed using GT3X Actigraph accelerometers.
Results Boys had significantly higher areal bone mineral density (aBMD), higher total bone mineral content (BMC) at the
diaphyseal site and higher trabecular BMC and vBMD, and higher total bone area at the distal site than girls (p<0.01 for
all of them). Both boys and girls complying with the WHO PA recommendations had significantly higher trabecular BMC
than their inactive counterparts.

Conclusions Meeting WHO PA recommendations has a beneficial effect in bone composition in childhood both in boys
and in girls.
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Introduction

Osteoporosis is a major health problem, particularly in
older adults because of the high prevalence of falls (due
to muscle strength decline and higher body sway), and a
high risk of fracture mainly caused by a low bone mineral
density (BMD), especially at the femoral neck [1]. It has
been estimated that more than 200 million people are suf-
fering from osteoporosis worldwide. According to recent
global statistics from the International Osteoporosis Foun-
dation, there is 1 in 3 women and 1 in 5 men over the age
of 50 years that will experience an osteoporotic fracture
in their lifetime [2].

Previous studies have shown that high levels of physical
activity (PA) are associated with a higher BMD [3] with
high impact exercise showing the largest effects [4]. High
levels of PA are related to increases in mechanical loading
and muscular strength which will have a positive impact
on bone health [5]. This should be taken into account as
peak bone mass is achieved between the second and third
decades of life [6]. Notably, there is a window of oppor-
tunity during previous developmental stages when bone
is more sensitive to osteogenic stimulus and therefore to
bone development [7].

Regular PA practised during childhood will have several
additional health-related benefits, such as improvements in
body composition, motor skills and cognitive development
[8], a decreased cardiovascular risk or a decrease in the
risk of developing type 2 diabetes and metabolic syndrome
[9]. These are the reasons for the World Health Organisa-
tion (WHO) to recommend a minimum of 1 h per day of
moderate-to-vigorous physical activity (MVPA) for 5-17
years old children [10].

Most studies analysing the influence of PA in children’s
body composition have a reduced sample size or do not use
highly accurate methods to assess either PA or body com-
position [11, 12]. Several methods can be used to analyse
bone characteristics with dual-energy X-ray (DXA) being
one of the preferred instruments due to the low radiation
and great availability in numerous research centres. None-
theless, DXA only provides information regarding areal
BMD (aBMD). In order to obtain other important fracture
risk predictors such as bone structure or bone strength,
additional techniques should be used such as peripheral
quantitative computed tomography (pQCT). pQCT has
been previously used in infants, children and adolescents
finding positive associations between PA or physical fit-
ness and bone structure or strength [13, 14].

Our aims in the present study were to investigate the
association between PA and bone parameters (measured
with DXA and pQCT) taking into account both peri-
natal and lifestyle behaviours variables in a paediatric
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population from Aragon (Spain), using objective methods
to assess both PA and bone parameters, and considering
PA compliance with WHO recommendations.

Material and methods
Participants

This study includes data from an observational study named
“Growth and Feeding during Early Childhood in Children
from Aragon (CALINA)”, which is based on a representative
cohort of children born in the region of Aragon (Spain) in
2009. The initial sample recruited for this project included
1602 subjects. These children were followed every month
during the first year of life and every year since then until
they reached approximately the age of 7. We contacted
all the families recruited in Zaragoza (the biggest city in
Aragon) to be re-assessed between September 2016 and Sep-
tember 2017. A total of 295 children were finally included
(154 boys and 141 girls) in this analyses based on families’
willingness to participate and having the variables of interest
(accelerometry, bone parameters, perinatal factors and life-
style behaviours). The measurements were taken by trained
staff including nutritionists, nurses, sport scientists and pae-
diatricians. The project adhered to the Helsinki Declaration
[15] and all the parents or tutors signed an informed consent
to allow their children to participate in the study.

Data collection

Data for this study was obtained in two stages. During the
2009 measurements, the paediatricians of the selected Pri-
mary Care centres [16] collected demographic, obstetric and
perinatal nutritional data. Below, there is a description of
the variables used in this analysis in each of the time period.

Perinatal variables Rapid weight gain (RWG) was defined
as a positive change in weight-for-age z-score >0.67 [17]
between birth and 12 months of life. Other perinatal data
collected were self-reported body mass index (BMI) of the
mother before pregnancy, and smoking habit of the mother
during pregnancy.

During the second stage (2016-2017 measurements),
when children were approximately 7 years old, we collected
the following data:

Weekly screen time Using a standardized self-reported
parental questionnaire, parents reported the number of hours
of TV/DVD/video viewing and computer/games-console use
of their child both for a typical day on weekdays and week-
end days [18]. Briefly, response categories were (0) not at
all, (1) <¥2h per day, (2) <1h per day, (3) between 1 and
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<2h per day, (4) between 2 and <3 h per day and (5)>3 h per
day. After that, total weekly sedentary time was calculated
using the following formula: (((weekdays X 5)+(weekends
X 2))/60))/7. The outcome of this variable used in this study
for the analyses is the mean time in minutes (continuous
variable).

Physical activity (PA) PA was objectively assessed with
Actigraph accelerometers (Actigraph GT3X; Manufacturing
Technology Inc. Pensacola, FL, USA) and analysed using
ActiLife 6 software (ActiGraph, Pensacola, FL). Subjects
were asked to wear this 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.
These minimum requirements have been previously used
in studies using similar populations [19]. Due to the short
sporadic activity bursts typical of young children, 5 s epochs
were used (30hz). Children (and families) were instructed to
remove the accelerometer only during water-based activities
and sleeping, registering non-wearing duration and the cor-
responding reason. PA was expressed as average in counts
per minute (cpm) and Evenson cut-points [20] were used
to determine MVPA (>2296 cpm). According to the WHO
recommendations for PA [10], the sample was classified into
two groups: (i) active children, including those who did 60
or more minutes per day of MVPA (ACTIVE) and (ii) inac-
tive children, or those performing less than 60 min of MVPA
per day (INACTIVE).

Diet Dietary intake was self-reported by parents through a
semi-quantitative food frequency questionnaire (FFQ) [21]
validated in the ‘Multifactorial evidence based approach
using behavioural models in understanding and promoting
fun, healthy food, play and policy for the prevention of obe-
sity in early childhood (Toy-box)’ study. In short, the FFQ
consists of a list of 37 foods and beverages with response
categories to indicate usual frequency of consumption over
the selected time period as well as mean amounts of con-
sumption per day [22]. With the FFQ data, we calculated
the diet quality index (DQI), which is a largely used index in
cohorts with similar characteristics to assess diet in terms of
three subcomponents: dietary diversity, quality and equilib-
rium [23]. Briefly, to calculate diet quality, we multiply the
amount of food consumed from each group by a weighting
factor previously described as well in bibliography (-1, 0, 1
depending of the desirability of the food group as preferred,
intermediate or low quality). Dietary diversity expressed the
degree of variation in the diet by giving points ranging from
0 to 9 for each different serving of food consumed from
the recommended food group based on the correspondent
food groups of our questionnaire with the bibliography of
reference [23] (water, wholemeal bread, wholemeal cereals,
unsweetened breakfast cereals, raw vegetables, fresh fruit,

cooked meat, fresh fish, plain yogurt or vegetable oils).
Finally, dietary equilibrium was calculated from the differ-
ence between the adequacy (the percentage of the minimum
recommended intake for each of the main food groups) and
the excess (the percentage of intake exceeding the upper
level of the recommendation). The recommendations to
calculate the adequacy and the excess of each food group
are based on the Flemish Food Based Dietary Guidelines
(FBDG) for population under 10 years [24]. They were
summed and divided by the total amount of food consumed.
All three scores in the three components of the index were
summed and divided by 3 (because of the 3 components),
resulting in scores ranging from 25 to 100.

Body composition

1. Height and weight measurements were performed
in upright position, in a near nude state and barefoot.
Height was measured using a stadiometer with a preci-
sion of 1 mm (SECA 225, Germany). Body mass was
determined using Tanita ® BC-418 (Japan) scale. The
body mass index (BMI) was calculated as body mass
divided by squared height (kg-m~2). Determination of
z-score values of BMI for age (zBMI) was performed
using the WHO Anthro Software [25].

2. Dual-energy X-ray absorptiometry (DXA)—DXA scans
were performed in a supine position, wearing light cloth-
ing with no metal and no shoes or jewellery. All DXA
scan tests were analysed by the same researcher using
an Hologic Explorer scanner and a paediatric version
of the QDR-Explorer software, Hologic Corp., software
version 12.4, Bedford MA, USA. A whole body scan
was performed and subtotal whole body (whole body
without including the head) areal BMD (aBMD) was
assessed in this study.

3. Peripheral quantitative computed tomography (pQCT)
provides a more refined characterization of bone includ-
ing vBMD and geometry (dimensions and areas). In our
study, this analysis was made in the left tibia, using the
Stratec XCT 2000 L (Stratec Medizintechnik software
6.20, Pforzheim, Germany). The scanner was located
on the distal tibia. The reference line for the distal end
of the tibia was obtained manually by a coronal com-
puted radiograph (scout view). Prior to the commence-
ment of the test, we measured tibia length from the
medial malleolus of the tibia to the medial knee joint
cleft using a wooden ruler and always measured by the
same researcher. The measurements were taken at the
8%, 38% and 66% of the total length following the rec-
ommendations by the manufacturer and consensus of
experts working with this densitometer in paediatric
populations [26-28].
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The distal site was taken at 8% cross-section site of the
tibia to determine total BMC (g/cm), trabecular BMC (g/
cm), trabecular vVBMD (mg/cm3) and total area (mm?). The
diaphysis (38% distal cross-section) was used to determine
total BMC (g/cm), total area (mm?), total vBMD (mg/cm3),
cortical thickness (mm), cortical BMC (g/cm), bone cross-
sectional area (CSA, mm?) and cortical vBMD (mg/cm3).
Bone strength was established with respect to bending (polar
strength-strain index, (SSIpol) (mm?)) also at 38% site. The
66% was measured to obtain muscle variables, not used in
this study.

Statistical analysis

All analyses were conducted with the SPSS ® program v26.
Statistical significance was set at p<0.05. First of all, we
studied the characteristics of the sample. Chi square test
was used to contrast differences between groups in case of
categorical variables and T test or Mann-Whitney for con-
tinuous variables depending on the assumption of normality.

To test differences between active and inactive groups
considering covariates, we performed an analysis of covari-
ance (ANCOVA) adjusting for zBMI, RWG and BMI of
the mother, smoking habit of the mother during pregnancy,
length of tibia (only for pQCT variables), DQI and weekly
screen time.

Finally, adjusted linear regression models were performed
to check the associations between PA (in minutes of MVPA
per week) and different bone variables. Three models were
created by introducing variables gradually: model 1 or basic,
MVPA adjusted for zZBMI at 7 years when aBMD was the
dependent variable and tibia length for pQCT parameters;
model 2, same adjustments than for model 1 + perinatal
variables (RWG, BMI of the mother, smoking during preg-
nancy); and model 3, same adjustments than for model 2 +
lifestyle behaviours variables (diet quality index and weekly
screen time).

Results

Firstly, we have compared our sample with the full sample
(at birth in 2009) and we have not found any statistical sig-
nificant difference in terms of perinatal variables which act
as covariates in our analyses (p values of chi-squared test
0.60 for RWG and 0.29 for smoking mother during preg-
nancy; p value for BMI of the mother 0.35 based on Mann-
Whitney non-parametric test).

When comparing boys to girls, boys had significantly
higher subtotal body aBMD than girls (0.60 vs 0.58 g/cm?)
(Table 1). Moreover, boys presented significantly higher
total BMC at 8% (1.53 vs. 1.39 g/cm), trabecular BMC (0.43
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vs. 0.39g/cm) and vBMD (199.23 vs. 190.45 mg/cm3), and
higher total area at 8% (213.60 vs. 200.36 mm?), when com-
pared to girls. Boys also had higher total BMC at 38% (1.70
vs. 1.63g/cm), higher cortical BMC (1.51 vs. 1.45g/cm, p
= 0.02) and higher cortical thickness (3.41 vs. 3.30 mm, p
<0.01) at the 38% of the tibial length (all p<0.05).

Table 2 shows that after the adjustment for zZBMI at 7
years, RWG, BMI of the mother, smoking during pregnancy,
length of tibia in pQCT parameters, DQI and weekly screen
time, significant differences were found between active boys
and inactive boys in total spine BMD (0.567 vs 0.544 g/cm?)
and total BMC at 8% site (1.57 vs. 1.45 g/cm). These differ-
ences were observed also between active girls and inactive
girls (1.47 vs. 1.34 g/cm). Also, differences between both
active boys and girls were significant for cortical thickness
(3.46 vs. 3.33 mm in boys and 3.36 vs. 3.26 mm in girls).
Additionally, active girls showed significantly higher total
area at the 8% site (208.6 vs. 194.4 mm?) and total BMC
(1.68 vs. 1.60 g/cm), cortical BMC (1.49 vs. 1.43 g/cm),
total area (224.8 vs. 212.9 mm? ) and SSIPOL (578.3 vs.
546.7 mm?) at the 38% site (all p<0.05). Significant differ-
ences were also observed for trabecular BMC (0.43 vs 0.39
g/cm) and trabecular BMD (199.39 vs 189.66 mg/cm3) at 8%
site in the PQCT when no stratification by sex was made in
supplementary Table 1.

Associations between PA and bone composition indica-
tors adjusted by perinatal, postnatal and lifestyle behaviour
variables are showed in Table 3 for both boys and girls. In
boys, significant positive associations between MVPA and
aBMD were found for all the regression models. The same
positive association was found between MVPA and corti-
cal thickness in all models. In girls, positive associations
between MVPA and cortical BMC at 38% site in models
1 and 3 and SSIPOL at all of the models were also found
(all p< 0.05). When considering the whole sample without
stratifying by sex (supplementary table 2), significant posi-
tive associations between MVPA and bone parameters were
found for subtotal BMD (DXA), total BMC at 8% site and
at 38% site, cortical BMC at 38% site, cortical thickness and
SSIPOL in all three models of the regression.

Discussion

As far as we are concerned, this is the first study assessing
bone health parameters using DXA and pQCT in a wide
sample of 7-year-old children followed up since they were
born. In general, our results showed higher bone values in
active children than in those who are inactive based on the
current WHO recommendations for PA.

Both measurements of BMD with DXA and pQCT
showed significant differences between boys and girls. Boys
presented higher total BMC at 8% of the tibia, trabecular
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Table 1 Anthropometric and Total n= 295 Boys n= 154 Girls n = 141

2(1;)516 characteristics at 7-year- Mean (SD) Mean (SD) Mean (SD)
Height (m)* 1.26 (0.06) 1.27 (0.06) 1.25 (0.06)
Weight (kg) 27.3 (4.99) 27.67 (5.26) 26.88 (4.65)
HAZ 0.30 (0.92) 0.36 (0.95) 0.23 (0.88)
WAZ 0.69 (1.08) 0.77 (1.17) 0.61 (0.96)
BMI (kg-m™2) 17.12 (2.33) 17.16 (2.37) 17.06 (2.28)
BAZ 0.70 (1.13) 0.76 (1.24) 0.64 (0.98)
Subtotal fat mass in kg (DEXA)* 6.95 (2.81) 6.50 (2.80) 7.43 (2.76)
Subtotal lean mass in kg (DEXA)* 16.26 (2.61) 17.04 (2.71) 15.41 (2.21)
Tibia length (cm) (PQCT) 274.5 (17.42) 274.16 (18.11) 274.84 (16.70)
Tibia site muscle area (cm?) (PQCT)* 32.65 (4.84) 33.64 (4.77) 31.56 (4.70)
MVPA (min/d)* 64.44 (22.82) 70.90 (23.54) 57.38 (19.81)
MVPA (min/w)* 451.07 (159.77) 496.28 (164.77) 401.69 (138.68)
Meeting PA recommendations (n,(%))* 163 (55.25) 104 (67.53) 59 (41.84)
WST (min/d)* 761.14 (375.51) 808.25 (383.56) 709.68 (360.85)
DQI 80.72 (11.96) 81.57 (11.15) 79.79 (12.76)
RWG (n, (%)) 104 (35.25) 60 (38.96) 44 (31.21)
Ethnicity (% Spanish) 266 (90.2) 142 (92.2) 124 (87.9)
Smoking during pregnancy (% yes) 50 (16.9) 28 (18.2) 22 (15.6)
DXA
aBMD (g/cm?)* 0.590 (0.05) 0.597 (0.05) 0.582 (0.05)
Spine BMD (g/cm?) 0.564 (0.07) 0.560 (0.07) 0.568 (0.07)
pPQCT 8%
Total BMC (g/cm)* 1.46 (0.31) 1.53 (0.30) 1.39 (0.31)
Trab BMC (g/cm)* 0.41 (0.16) 0.43 (0.14) 0.39 (0.18)
Trab vBMD (mg/cm®)* 195.03 (39.35) 199.23 (34.51) 190.45 (43.70)
Total Area (mm?)* 207.27 (39.59) 213.60 (39.31) 200.36 (38.87)
pQCT 38%
Total BMC (g/cm)* 1.67 (0.22) 1.70 (0.22) 1.63 (0.21)
Cortical BMC (g/cm)* 1.48 (0.21) 1.51 (0.21) 1.45 (0.20)
Cortical vBMD (mg/cm?) 1047.1 (32.88) 1045.14 (31.78) 1050.89 (34.15)
Total area (mmz) 221.27 (30.82) 224.37 (31.30) 217.87 (30.02)
Cortical thickness (mm)* 3.36 (0.34) 3.41 (0.35) 3.30 (0.32)
SSIPOL (mm?) 574.61 (132.45) 588.71 (137.77) 559.20 (125.07)

BMC, total bone area at 8% of the tibia, higher total BMC at
the 38% of the tibia, higher cortical BMC and higher cortical
thickness than girls. Previous studies performed in slightly
younger sample (5y) had shown no differences in bone
measurements between boys and girls [14]. However, our
results are in line with a previous study which showed that
boys had higher tibia cortical bone geometry and strength

*p<0.05 between sexes

T test was used. HAZ height-for-age z-score; WAZ weight-for-age z-score; BAZ BMI z-score. For the rest of
the variables (non-parametric), Mann-Whitney test

BMI body mass index (kg-m~2); MVPA moderate-vigorous physical activity; WST weekly screen time; DQI

diet quality index; RWG rapid weight gainers

aBMD bone mineral density (g/cmz); total BMC total bone mineral content (g/cm); Trab BMC trabecular
bone mineral content (g/cm). Trab v BMD trabecular bone mineral density (g/cm3). Total area bone total
area (mm?); cortical BMC cortical bone mineral content (g/em); cortical vBMD cortical bone mineral den-
sity (mg/cm3), cortical thickness (mm); SSIPOL polar strength-strain index (mm?®)

parameters than girls at any range of age between 5 and 18
years old [29]. Besides, in our study, the unbalanced sample
between active and inactive children, mainly in boys (100
vs 49, respectively), might have an impact in the fact that
we did not observe any other significant difference between
active and inactive participants apart from BMD assessed
with DXA and total BMC at 8% site and cortical thickness

@ Springer
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Eable 2 Adju.sFed means of Active boys Inactive boys p Active girls Inactive girls  p

bone composition parameters (n=104) (n=50) (n=59) (n=82)

in boys and girls stratified

by those meeting or not PA Mean SE Mean SE Mean SE Mean SE

recommendations analysed by

ANCOVA. Data are adjusted DXA

by zBMI at 7 years old, RWG, aBMD (g/cm?) 0.602 <0.01 0.588 <0.01 0.03 0.587 <0.01 0.579 <0.01 0.30

BMTI of the mother, smoking Spine BMD (g/cm?) 0.567 <0.01 0.544 <0.01 0.04 0.579 <0.01 0.560 <0.01 0.11

during pregnancy, length of

tibia in pQCT parameters, diet pQCT 8%

quality index and weekly screen Total BMC (g/cm) 1.57 003 145 0.04 0.02 147 0.04 134 0.03 0.02

time Trab BMC (g/cm) 044 0.01 041 002 028 042 0.02 037 002 0.09
Trab vBMD (mg/cm?®) 201.3 333 1949 483 0.28 1967 5.86 186.0 495 0.17
Total area (mm?) 2159 374 208.7 543 0.28 208.6 495 1944 418 0.03
pQCT 38%
Total BMC (g/cm) .71 0.02 166 0.03 0.09 1.68 0.02 160 0.02 0.04
Cortical BMC (g/cm) 1.53 002 147 003 0.08 1.49 002 143 021 <0.01
Cortical vBMD (mg/cm®) 1044.8 3.11 10459 451 0.85 10455 342 10533 334 039
Total area (mm?) 2256 252 221.8 3.66 040 2248 3.17 2129 268 <0.01
Cortical thickness (mm)  3.46 0.03 3.33 0.05 0.02 3.36 0.30 3.26 0.32  0.02
SSIPOL (mm?) 598.1 120 569.2 1743 0.18 5783 1224 546.7 127.7 0.02

Significant differences (p<0.05) between groups are indicated by letters (always in comparison with the
high position group, in this case, meeting MVPA recommendations). SE standard error

aBMD bone mineral density (g/cmz); total BMC total bone mineral content (g/cm); Trab BMC: trabecular
bone mineral content (g/cm). Trab v BMD trabecular bone mineral density (g/cm?). Total area bone total
area (mm?2); cortical BMC cortical bone mineral content (g/cm); cortical vBMD cortical bone mineral den-
sity (mg/cm3), cortical thickness (mm); SSIPOL polar strength-strain index (mm?®)

at 38% site assessed with PQCT. In general, in view of our
results, it seems that rather than the importance of devoting
an extra minute to MVPA, meeting the current WHO recom-
mendations of MVPA at these ages, are much more determi-
nant in bone parameters. There were no further comparisons
with other similar studies in this point because as far as we
know, this is the first time that apart from direct associations
between MVPA and bone, the current recommendations of
MVPA act as independent variable in the analyses.

The observed differences might be due to the osteogenic
effect of physical activity. Bone modelling is sensitive to
mechanical loading [30], emphasizing the importance of PA
levels during growth and participation in activities which
include mechanical loads (e.g. basketball, football, tennis
or running). In this sense, literature has showed a gender
disparity in practising physical activity even at these early
stages of life which might be due to girls’ less favourable
socio-ecological factors [31]. In fact, in our study, there is
a considerable difference in the percentage of boys versus
girls meeting current physical activity recommendations (71
% vs. 57%). More specifically, Lozano-Berges et al. [32]
showed that soccer participation improves bone mass in
male and female soccer players, and they also pointed out
that this benefit is more notable during puberty than in the
pre-pubertal period, which may be due to hormone levels
(promoting bone mineral accrual) and the higher cumulative
loads of trainings at puberty. As our participants are around
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7 years old, this might also explain why we did not observe
many differences between active and inactive children, as
they are all in a pre-puberty status. This is in line with previ-
ous systematic review results [33].

In the linear regression models, we observed significant
associations between MVPA and cortical thickness in boys
and cortical BMC and SSIPOL in girls. Besides, in a pre-
vious study using quantitative ultrasound QUS (Achilles
Lunar Insight™) [34], we also concluded that an additional
10 min/day of MVPA may result in significant bone stiff-
ness increases in children. It is worth noting that previous
research showed conflicting results about sex difference
benefits of PA in the bone composition of children. Some
studies showed that girls have lower responses than boys in
bone parameters [35]. Kriemler et al. [30] suggested that
this sex difference is explained because boys might poten-
tially have a favourable genetical predisposition for bone
development in response to PA and exercise compared to
girls and also explained that boys in the highest tertile (72
min/day) had significantly higher BMC and BMD values
assessed with DXA than their female counterparts. Never-
theless, recent literature supports the theory that increased
PA elicits greater bone composition improvements in girls
than in boys. For instance, Zanker et al. showed that 7-year-
old female gymnasts had a better bone composition than
untrained girls but these differences were not significant
between trained and untrained boys [36]. However, this
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should be considered with caution as the sample of this
study only involved 20 children. In another recent study,
Lozano-Berges [37] assessed bone geometry in young male
and female football players using pQCT. Thirteen-year-old
female soccer players presented greater bone geometry and
strength than controls while only bone geometry was bet-
ter than controls in 14-year-old males. Accordingly, Fritz
et al. showed that additional school-based physical educa-
tion was associated with greater tibial structure and strength
also in girls but not in boys [38]. These differences observed
between sexes might be explained due to the type of physical
activity children of these ages normally practice and their
impact on bone formation.

In general, better results were found in the diaphysis (38%
off tibia length in this study) than in the distal measurements
(8% in the present study). We do not have a clear explana-
tion for this although it could be due to the major principle
of bone adaptation. As suggested by Nikander et al. [39],
the amount of bone tissue is used to create a bone structure
that is the most appropriate for the prevailing activity and
consequently mechanical loads that the subject is receiving.
Therefore, if children are constantly running while playing
games, they need to have more mass (as found when evalu-
ating BMC), but they also need to maintain a light bone.
Thus, the bone will grow in the diaphysis in order to cope
with successive bending loads and ground impacts caused
while running and therefore improve both bone structure
and strength.

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 (Spain), and this data ena-
bled us to include perinatal data in our analyses. Body com-
position variables have been assessed through anthropom-
etry and also with DXA and pQCT, which are considered
accurate and precise methods especially for bone measure-
ments. PA data have been collected using accelerometers,
instead of questionnaires, which is also a more reliable
method [3, 20]. Furthermore the measurements were done
by a trained multidisciplinary group of health professionals.

The main limitation of the present study is that children
included in this study were selected by asking for participa-
tion and those who accepted were perhaps from families who
care more about their children’s health than those families
not interested in participating. A further limitation of the
present study is that we did not include the type of sport
children practised and this may have an impact on our results
depending on whether they were osteogenic activities or not,
as it is the case of swimming or cycling [40]. Similarly, the
proportion of weight-bearing PA, defined as PA in which
gravity exerts force on bones or any activity done standing
up (e.g., walking, jumping, weight lifting), was not specifi-
cally taken into account, and this is an extra limitation of the
present study which could potentially explain the difference

@ Springer

between sexes. An additional limitation is that only chil-
dren wearing the accelerometer during at least 4 days were
admitted into the study, which reduced the sample size by
25 children without considering the availability of any other
variable of interest in this study. Besides, as an additional
comment in relation to the extrapolation of the results,
despite taking into account perinatal variables, the design
of this study is transversal. However, this fact does not limit
the interest of the study as most of the existing literature for
children and adolescents on this topic are extrapolated from
studies conducted in adults and there are still many unan-
swered questions [41]. Finally, we cannot directly explain
the physiological mechanisms justifying the encountered
differences between boys and girls in this study since it was
not focused on the aetiology of the sex differences from a
physiological perspective.

We conclude that meeting WHO PA recommendations
has a benefit in bone composition already at early stages
in life, improving bone structure. In this sense, it could
help to prevent osteoporosis and fractures in the future life
stages. Future studies are needed to better understand the
physiological mechanisms explaining possible differences
in osteogenic activity between sexes, and to be able to pre-
scribe specific PA recommendations for boys and girls that
optimise bone health during developmental stages. As the
latest 2020 WHO guidelines of physical activity and seden-
tary behaviour indicate, there is still insufficient evidence
available to fully describe the dose-response relationships
between physical activity or sedentary behaviour and health
outcomes [10]. That is why future studies should also focus
on the optimal cutoff points of MVPA that generate the
greatest benefit in bone parameters during childhood, con-
sidering sex particularities.
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