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ABSTRACT

Larsen, MN, Nielsen, CM, @rntoft, CQ, Randers, M, Manniche, V,
Hansen, L, Hansen, PR, Bangsbo, J, and Krustrup, P. Physical
fitness and body composition in 8—10-year-old Danish children
are associated with sports club participation. J Strength Cond
Res 31(12): 3425-3434, 2017-We investigated whether
physical fitness and body composition in 8—10-year-old Danish
children are associated with sports club participation. The
study included 423 schoolchildren, comprising 209 girls and
214 boys, of whom 67 and 74%, respectively, were active in
sports clubs. Yo-Yo intermittent recovery level 1 for children
(YYIR1C), balance, jump and coordination tests, together with
dual-energy X-ray absorptiometry, were used to determine
exercise capacity and body composition. Children active in
sports clubs had better (p < 0.05) YYIR1C (33%, 767 = 26
vs. 575 * 29 m), 20-m sprint (3%, 4.33 = 0.03 vs. 4.48 =
0.04 seconds), coordination (6%, 68 = 1 vs. 72 = 1 second),
and balance test performances (9%, 19.3 = 0.5 vs. 21.2 £ 0.7
falls-min—7') and lower fat mass index (16%, 3.8 *= 0.1 vs.
4.5 = 0.2 kg[fat]-m~2) than children not active in sports clubs.
Ball game players had better (p < 0.05) YYIR1C (38%, 925 *
39 vs. 671 = 28 m), 20-m sprint (4%, 4.25 * 0.03 vs.
4.42 + 0.04 seconds), and coordination test performances
(5%, 65 * 1 vs. 69 = 1 second), along with higher (p <
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0.05) lean body mass (5%, 24.00 = 0.22 vs. 22.83 = 0.25
kg) and whole-body BMD (2%, 0.90 * < 0.01 vs. 0.88 =
<0.01 g-cm~2) compared with children active in other sports.
The study showed that 8—10-year-old Danish children engaged
in sports-club activity, especially ball game players, have better
exercise capacity and superior body composition compared
with children not active in sports clubs.
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INTRODUCTION

t is well known that regular physical activity is associ-

ated with significant positive physical and mental health

benefits (30) and plays an important role in the pre-

vention of various chronic diseases (7,13). Physical
activity habits and attitudes are formed during childhood
and carried into adulthood (23). Thus, body mass index
(BMI) during childhood is correlated with the risk of coro-
nary artery disease in adulthood (6). Several studies have
emphasized that there is an association between clustering
of cardiovascular disease risk factors and physical inactivity
(23) as well as poor fitness in 9-16-year-old schoolchildren
(5). Moreover, several training studies have shown that short-
term (6-26 weeks) team sport training improves intermittent
exercise performance and aerobic fitness, and elicits significant
adaptations of myocardial structure and function, respectively,
in 8-12-year-old schoolchildren (9,15-17,22).

Several strategies are being used to increase the physical
activity and fitness of children, including physical education
at school, school playground activities, organized leisure-
time sports-club activity, and nonorganized activities during
leisure time. Recent studies have shown that sports-club
participation contributes significantly to the amount of time
that younger Danish children spend engaged in physical
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activity, including moderate-to-vigorous physical activity,
and therefore plays an important role in targeting the World
Health Organization global recommendation of 60 minutes
of moderate-to-vigorous intensity daily physical activity
(20,27,40). In fact, as many as 98% of 9-11-year-old Danish
boys and girls who participate in 1-4 weekly training ses-
sions at local football clubs meet the recommendation on
daily physical activity, with corresponding figures of 83% for
those participating in other sports-club activities and 76% for
children not involved in sports-club activity (20).

Less data are available on the physical fitness and body
composition of younger ball game players and children active
in other sports clubs compared with age-matched children not
participating in organized sports-club activities, although there
are some indications that physical fitness and body composi-
tion are influenced positively by sports-club participation, at
least for certain sports. Indeed, 2 studies from Southern Europe
have shown that 10-15-year-old children involved in team
sport have stronger bones than children involved in organized
swimming and cycling as well as children not participating in
sports club activities (33,37-39). Likewise, 2 recent investiga-
tions conducted in Portugal have shown that aerobic fitness
evaluated by Yo-Yo intermitting running test performance,
which is correlated to maximal oxygen uptake, is much higher
in 9-16-year-old girls and boys participating in football club
training than in age-matched children not active in sports
clubs (31,32). Specifically, it was observed that performance
in the Yo-Yo intermittent recovery level 1 children’s (YYIR1C)
test was 43 and 57% higher, respectively, in 8-10-year-old girls
and boys active in football clubs (31,32). These 2 studies also
showed markedly lower-body fat in the girls and boys active in
football clubs in the age groups 12-13 and 14-16, whereas
there were no significant differences in body fat in 9-11-year
olds (31,32). This may be related to fewer years of sports club
participation. These findings require confirmation in children
from other countries and it would be of interest to study
whether the body composition and musculoskeletal fitness
components, such as muscle strength, balance and coordina-
tion, are associated with children’s sports club participation.

Thus, the aims of this study were to investigate whether
physical fitness and body composition in 8-10-year-old
Danish schoolchildren are related to participation in sports
club training, type of sports club training, and sex.

METHODS

Experimental Approach to the Problem

The study has a cross-sectional design, including physical
testing and basal information to test whether physical fitness
and body composition are associated with sports club
participation. All study-dependent variables and methods
were selected based on established practice and documented
use for providing valid measurements on schoolchildren’s
physiological development and health in the investigated
domains, ie., cardiorespiratory fitness, motor fitness and
skills, and anthropometrics, respectively.
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Subjects

We invited 447 third-grade pupils from 20 classes at 8 Danish
municipal schools, of whom 423 (209 girls and 214 boys) aged
9.3 = 0.3 years (97% in Tanner stage 1, 70% active in sports
clubs) took part in the study. An overview of the study pop-
ulation can be found in Tables 1 and 2. The study was
approved by the Committees on Biomedical Research Ethics
for the Capital Region of Denmark (J.no. H-3-2013-038) and
registered at ClinicalTrials.gov (NCT02000492). Informed
child assent and written informed parental consent were ob-
tained for all participants. All tests were performed during
school time at the beginning of the school year by members
of the study group, supported by the schools’ teachers. All the
children were interviewed and physically examined by a med-
ical doctor (CMN) with pediatric expertise. The doctor also
evaluated their physical development according to Tanner
stages by inspecting genitals, breasts, and pubic hair. Three
children were excluded because of physical disabilities or
handicaps. Questionnaires were used to determine whether
the children participated in sports club activities at least once
a week. Initially, the children were divided into 2 groups (active
or not active in sports clubs). For detailed analysis, the children
active in sports clubs were then categorized by ball games
activities (e.g,, football, team handball, basketball, floorball,
and volleyball) or other sports (eg, dance, gymnastics,
badminton, and swimming). Previous investigations have shown
that the intensity and organization are similar for football, team
handball, basketball, and floorball (9,20), and it should be noted
that the majority of Danish 8-10-year-old children involved in
ball game activities attend football or team handball clubs.

Procedures

Yo-Yo Intermittent Recovery Level 1 Children’s Test. YYIRIC,
a modified version of the Yo-Yo intermittent recovery level 1
test (2), was used to measure fitness level. The test was con-
ducted at the schools in indoor sports halls or gyms with
wooden floors. After a standardized warm-up procedure,
including the first 3 running bouts, the subjects had to run
16 m back and forth in a straight lane marked by cones, fol-
lowed by a 10-second recovery period in which they walked
around a cone 4 m behind the running lane. The running pace,
determined by beep-signals from loudspeakers in the gym, was
increased gradually during the test according to the test pro-
tocol. The first time the subject failed to reach the finishing line
in time, a warning was issued. The second time this happened,
the test was terminated and the result noted by the research
team. The researchers also participated in the test to ensure
that the children knew the right pace and to motivate the last
children running. Heart rate (HR) was recorded at 1-second
intervals during the tests using a Polar Team System 2 (Polar
Electro Oy, Kempele, Finland) to determine maximal HR
(HRmax), ie., the highest value registered during each test.
Submaximal HR (HRypmay) Was calculated 2 minutes into
the test as mean HR from 1:45 to 2:15 minutes. Submaximal
aerobic loading 2 minutes into the test and YYIRIC



leve | 210z ¥y3gm3o3a | z1 ¥3gWNN | 1€ IWNTOA

TasLe 1. Descriptive characteristics and anthropometrics of the study population, stratified by sex and sports club involvement.*t

Sex Sports club participation Sports club participation, boys  Sports club participation, girls

Boys (n=213) Girls (n=205) Yes (n=294) No(hn=124) Yes(n=155) No(hn=58) Yes(n=139) No (n=66)

Age (y) 9.25 = 0.05 9.27 = 0.02 9.25 = 0.04 9.31 = 0.03 9.23 *= 0.07 9.32 = 0.05 9.27 = 0.08 9.31 = 0.04
Height (cm) 1394 £ 04 1375 £ 0.5 138.5 = 0.4 138.6 = 0.6 139.4 = 0.4 139.6 = 0.8 137.4 * 0.6 137.7 £ 0.8
Weight (kg) 32.7 =+ 0.4 325 + 05 32.2 = 0.4 33.6 = 0.6 326 = 0.5 32,9 = 0.6 31.7 = 0.61 343 1.0
BMI 17.06 = 0.2 16.75 £ 0.2 16.7 £ 0.1% 17.4 = 0.3 16.7 £ 0.3 16.9 = 0.2 16.6 £ 0.2 17.9 = 0.4
FMI (kglfat]-m~=2) 3.4 * 011 46 * 0.2 3.8 £ 0.1% 45 + 0.2 34 £ 0.2 3.6 +0.2 4.2 + 0.2% 53 + 0.3
Lean mass (kg) 2454 + 0.17f 2212 + 0.20 23.35*+ 0.17 23.38 = 0.27 2456 = 0.21 2452 + 0.33 22.01 + 0.23 22.37 + 0.37
BMD (g-cm~2) 0.90 = <0.01f 0.88 = <0.01 0.89 + <0.01 0.89 + <0.01 0.90 + <0.01 0.90 + <0.01 0.88 = <0.01 0.88 = 0.01
BMC (g) 1,217 =12 ¢ 1,143 = 14 1,178 = 11 1,188 = 18 1,216 = 15 1,217 = 58 1,135 = 16 1,162 = 66
BMD legs 0.87 = 0.01 0.86 = 0.01 0.87 = <0.01 0.87 = 0.01 0.87 = <0.01 0.87 = <0.01 0.86 + <0.01 0.87 + 0.01
(g-cm~2)

BMC legs (g) 400 = 7 417 = 6 407 =5 413 = 8 416 = 8 419 = 10 397 = 8 408 = 12
MAP (mm Hg) 746 = 0.4 74.8 £ 0.5 743 £ 0.4 75.5 £ 0.7 741 £ 05 75.8 £ 0.9 745 = 0.6 752 £1.0
HRR (b-min~1) 136 = 1 135 = 1 137 = 11 131 = 1 135 = 1 134 = 1 137 = 11 132 = 1
RHR (b-min—") 71.5 = 087 73.5 £ 0.6 715 £ 0.7 73.9 £ 0.7 71.9 £ 0.7 728 £ 1.4 72.5 = 0.7 747 £ 1.1

*FMI = fat mass index; BMI = body mass index; BMD = bone mineral density; BMC = bone mineral content; MAP = mean arterial pressure; HRR = heart rate reserve; RHR =
resting heart rate.

tData are presented as mean = SEM.

ip < 0.05 for difference values of respective parameters between groups (boys vs. girls and sports-club actives vs. non—sports club actives).
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TasLe 2. Descriptive characteristics and anthropometrics of the study population, stratified by sex and sports club involvement.*{

All Boys Girls
Other
Sports club Ball games Other sports No sport Ball games Other sports No sports Ball games sports No sports
participation (n=115) (hn=137) (n=124) (N=177) (N=51) (n=58) (n=38) (n = 86) (n=66)
Age (y) 9.31 = 0.03 9.25*0.02 931 *003 931 *+003 926=*002 932005 9.32=*=005 925+ 0.02 9.31 + 0.04
Height (cm) 139.0 = 0.8 1382 £ 0.7 138.6 £ 0.6 139.2 = 0.7 140.0 = 0.8 139.6 + 0.8 1386 £1.0 137.2 =09 137.7 +0.8
Weight (kg) 329 = 0.5 31.8 = 05f 336 0.6 35.5 = 0.7 32.7 = 0.8 329 +06 336=*x09 31.3*+x08f 343=*=1.0
BMI (kg-m~—2) 16.9 = 0.2 165 + 0.2f 174 = 0.3 16.7 = 0.3 16.6 = 0.2 16.9 + 0.2 173 + 04 165 *03f 179 * 04
Tanner (1/2/3) (93/7/0) (90/10/0) (84/14/2) (100/0/0) (100/0/0) (100/0/0) (79/21/0) (84/16/0) (68/28/4)
FMI 3.7 £ 0.21 3.8 £ 0.21 45 *+ 0.2 3.3 0.2 34 +0.2 3.6 £ 0.2 4.7 £ 0.3 41 = 0.2% 53 £ 0.3
(kglfat] -
m~2)
Lean 24.00 = 0.22§ 22.83 = 0.25 23.38 = 0.27 24.60 = 0.31 2450 + 0.33 2452 + 0.33 22.78 = 0.38 21.83 + 0.35 22.37 = 0.37
mass (kg)
BMD 0.90 = <0.011§ 0.88 + <0.01 0.89 = <0.01 0.91 = <0.01§ 0.88 = <0.01 0.90 = <0.01 0.89 = 0.01 0.88 = 0.01 0.88 = 0.01
(g-cm~2)
BMC (g) 1,220 = 16§ 1,156 =17 1,188 = 18 1,234 £ 55 1,190 = 62 1,217 £568 1,191 =68 1,135 £ 64 1,162 *= 66
BMD legs 0.89 = 0.01§ 0.85 + 0.01f 0.87 = 0.01 0.89 = <0.01§ 0.84 + <0.01f 0.90 = <0.01 0.88 = 0.02 0.85 = 0.01 0.87 * 0.01
(g-cm™2)
BMC legs (g) 426 + 8§ 395 = 7 413 £ 8 426 = 12 399 = 11 419 = 10 426 = 14 392 + 10 408 = 12
MAP 749 * 0.9 73.9 = 0.8 75.5 + 0.7 74.7 = 1.0 73.0 = 0.7§ 758 + 0.9 75.2 1.7 745 = 0.7 75.2 +1.0
(mm Hg)
HRR 138 = 11§ 134 = 2 131 £1 137 = 1§ 131 £1 134 £ 1 140 = 11§ 136 £ 1% 132 £ 1
(b-min~1)
RHR 69.9 = 0.61§ 72.6 = 0.8 73.9 =+ 0.7 69.6 = 1.11 722 + 1.3 728 + 1.4 705 £ 161 728 £0.7 74.7 = 11
(b-min~1)

*FMI = fat mass index; BMI = body mass index; BMD = bone mineral density; BMC = bone mineral content; MAP = mean arterial pressure; HRR = heart rate reserve; RHR =

resting heart rate.
iData are presented as mean = SEM.
ip < 0.05 for different than non-sports club active children.
§p < 0.05 for different than other sports.
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performance have been shown to be valid measures of aerobic
fitness in children younger than 10 years (8).

Postural Balance. Postural balance was evaluated using the
single-leg flamingo balance test (1) performed on a 3-cm-wide
and 5-cm-high bar. The subject was instructed to take off his
or her shoes and stand on one leg on the bar, with eyes open,
holding the contralateral leg at the ankle joint. The number of
times the subject fell off the bar (defined as touching the
ground or unable to hold the contralateral leg at the ankle
joint) within 1 minute was counted and used as an indicator
of postural balance (1). The subjects were given one try with
each leg before choosing their preferred leg for the test. If the
children fell more than 20 times before 1 minute had elapsed,
the time at 20 falls was recorded. The time recorded at 20 falls
was used to calculate the number of falls for a 1-minute period.

Maximal Horizontal Jump Length. After a standardized warm-
up procedure, including squat jumps with arms behind the
back as instructed, the children were asked to stand upright
behind a line with their feet parallel and shoulder-width apart.
After flexing the knees to the squat position, the children
counted to 2 and jumped as far as they could. If the jump was
accepted by the scientific staff, the distance to where the heel
landed was measured. If the jump was not accepted, the
children got another chance after a rest period. This is a reliable
method (41), and maximal horizontal jump performance is
well correlated with leg muscle strength in children (10,29).

Tewenty-meter Sprint Test. After the warm-up and squat jump,
the children performed 2 X 20-m maximal sprints with at
least 2 minutes of recovery between sprints. All sprints
started from a standing position and were timed using 2
gates of light sensors (Witty Microgate, Bolzano, Italy)
placed at 0 m (positioned 30 cm in front of the standing-
start position) and at 20 m. The best time recorded was
noted as the test result.

Gross Motor Skills. Time (in seconds) to complete a coordina-
tion wall with 3 stages of increased difficulty was used to
evaluate gross motor skill (14). Each stage consisted of a table
(9 X 8 A5 size squares) with numbered marks from 1 to 10.
Half the numbers were blue, half red. The 2 lowest ranks were
separated from the higher ranks by a thick line. The subjects
had a red mark on the right hand and a blue mark on the left
hand, and were instructed to touch the numbers from 1 to 10
in the correct order and as fast as possible with the hand
(above the thick line) or foot (below) matching the color of
the number. If they made a mistake, they were told to correct
the mistake and proceed, while the clock was still ticking.
Stage 1 was unilateral, with no crossing over the vertical mid-
line, stage 2 with crossing over the vertical midline, and stage 3
bilateral. Each child was given 3 attempts at each stage, and
the best (shortest) times from each stage were summed to get
a combined score.

Resting Blood Pressure and Resting Heart Rate. Systolic and
diastolic blood pressure (BP) were measured with the
participants in a supine position after 10-20 minutes of
supine rest in a quiet, dimly lit room. Blood pressure was
recorded 3 times on the right upper arm using an automatic
BP monitor (M6 HEM-7223-E; Omron, Lake Forest, IL,
USA) with a cuft adjusted to the arm size as appropriate
(18). Mean arterial BP was calculated as diastolic BP + 1/3
X (systolic BP — diastolic BP). Resting HR was measured
simultaneously using a chest belt monitor (Polar Team 2
system; Polar, Kempele, Finland). Heart rate was recorded
at 5-second intervals throughout the measurement period,
with the lowest average value over a 30-second period used
to denote resting HR. Heart rate reserve (HRR) was deter-
mined by subtracting the resting HR from HRmax.

Anthropometric Measures. Height was measured to the nearest
millimeter (235 Heightronic Digital Stadiometer; Quick-
Medical, Issaquah, WA, USA), and the children were then
weighed to the nearest 0.1 kg (Tanita WB-110 MA; Tanita,
Amsterdam, The Netherlands) while barefoot and wearing
light clothing. Whole-body and leg-bone mineral density
(BMD) and bone mineral content (BMC), as well as lean
body mass and fat mass index (FMI), were estimated with
a whole-body dual-energy X-ray absorptiometry (Lunar
Prodigy; GE Medical Systems, Madison, WI, USA) using
Encore software version 13.5 (Encore, Madison, W1, USA),
with a coeflicient of variation for whole-body variables of
<1%. The children were instructed to fast for at least 2 hours
and to visit the toilet before the scan. The children were
scanned in a supine position wearing light clothing (24).

Statistical Analyses

Data are presented as mean *+ SEM. All data were tested for
normality using the Shapiro-Wilk’s test. Baseline values for
the groups (children active in sports clubs vs. children not
active in sports clubs and ball games vs. other sports vs. no
sports) were compared using 1-way analyses of variance.
The significance level was set at 0.05.

REsuLTS

Physical Fitness

Children active in sports clubs had better YYIR1C perfor-
mance (33%, 767 * 26 vs. 575 £ 29 m; p < 0.01) and lower
HRubmax (2%, 90.3 = 0.4 vs. 92.3 = 0.3% HRmax; p < 0.05)
after 2 minutes of YYIR1C, and these scores were better in
ball game players than in those active in other sports (38%,
925 = 39 vs. 671 = 28 m and 2%, 88.7 = 0.3 vs. 90.6 = 0.2%
HRmax; p < 0.05). The ball game players also had better 20-
m sprint (4%, 4.25 = 0.03 vs. 4.48 =+ 0.04 seconds; p < 0.05),
balance test (10%, 19.0 = 0.5 vs. 21.2 * 0.7 falls-min™%; p <
0.05), and coordination test (10%, 65 * 1 vs. 72 = 1 second;
£ < 0.05) performances than the children not active in sports
clubs (Tables 3 and 4). Moreover, the ball game players
performed better in the 20-m sprint (4%, 425 = 0.03 vs.
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TasLe 3. Physical performance of the study population, stratified by sex and sports club involvement.*}

Sex Sports club participation Sports club participation, boys Sports club participation, girls
Boys Girls Yes No Yes No Yes No
YYIR1C (m) 841 = 31 573 = 23 767 = 26 575 = 29 910 = 38 657 = 59 609 * 29 503 * 68
(n=212)i (n=207) (n=292)i (n=126) (n=148)} (n=57) (n=139)} (n = 68)
Flamingo (falls-min—1) 214 £ 0.5 18.2 = 0.6 19.3 £ 0.5 21.2 £ 0.7 211 = 0.5 225 = 0.6 17.2 = 0.7 20.1 £1.0
(n=208)% (n = 203) (n = 285)% (n=126) (n=151) (n=>57) (n=134)1 (n=69)
20-m sprint (s) 427 = 0.083 448 = 0.03 4.33*0.03 448 =0.04 4.24 = 0.04 4.34 = 0.05 443 = 0.03 4.59 = 0.06
(n=205)1 (n = 205) (n=243)1 (hn=117) (n=126) (n=53) (hn=117)% (n=64)
Jump length (cm) 106 = 1 98 * 1 103 £ 1 101 £ 2 106 = 2 107 = 3 99 = 1 95 + 2
(n=206)% (n = 203) (n = 288) (n=121) (n = 150) (n = 53) (n=132) (n=61)
YYIR1Cgupmax (YoHRmax)  89.6 = 0.4 92.2 = 0.3 90.3 = 04 92.3 = 0.3 89.0 = 0.6 91.1 = 0.6 91.7 = 04 93.5 £ 0.3
(n=176); (n=164) (n=247); (n=93) (n=130)f (n = 46) (h=117)} (n=47)
Coordination (s) 69 = 1 69 = 1 68 = 1 72 =1 69 = 1 71 =2 69 = 1 74 £ 2
(n=207) (n=210) (n=291)} (n=125) (n=151) (n=53) (n=138)1 (n=68)

*YYIR1C = Yo-Yo intermittent recovery level 1 modified for children; HRmax = maximal HR; YYIR1Cs,pmax = % of HRmax after 2 min of YYIR1C.

tData are presented as mean * SEM.

ip < 0.05 for difference values of respective parameters between groups (boys vs. girls and sports-club active vs. non—sports club active).
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TasLE 4. Physical performance of the study population, stratified by sex and sports club involvement.*t

All Boys Girls

Sports club participation Ball games  Other sports ~ No sport Ball games Other sports  No sport Ball games Other sports  No sport

YYIR1C (m) 925 + 39 671 + 28 575 +29 1,049 +71 810*67 657*+59 676 +78 587 =66 503 *+ 68
(h=114)1§ (h=137) (n=126) (h=176)i§ (h=51)t (n=157) (n=38)1 (86) (n = 68)
Flamingo (falls-min=1) 190+ 0.7 193 +06 212+07 200*+06 219+06 225+06 169 +16 173+0.9 201+ 1.0
(h=115)1 (n=132) (n=126) (hn=177) (n=50) (n=57) (n=38) (n=182) (n=169)
20-m sprint (s) 425 + 0.03 4.42 + 0.04 448 + 0.04 4.17 + 0.04 4.31 + 0.08 4.34 = 0.05 4.44 = 0.05 4.48 + 0.04 4.59 = 0.06
(n=90)1§ (n=113) (n=117) (n=64); (n=41) (n=53) (n = 26) (n=172) (n = 64)
Jump length (cm) 105 = 2 100 = 1 101 = 2 107 = 2 107 = 3 107 = 8 101 = 2 96 = 1 95 + 2

(n=107) (n=129) (n=121) (n="70) (n = 49) (n =53) (n=2387) (n = 80) (n=261)
YYIR1Cgpmax (0HRmax) 88.7 = 0.3 906 0.2 923*+x03 87605 899*06 911 *+x06 91004 91.0*+x03 935 *0.3
(h=101)i§ (n=103)f (n=93) (n=68)1§ (n=43) (n = 46) (n=33)1 (n=70) (n=47)

Coordination (s) 65 + 1 69 £ 1 72 =1 67 £ 2 71 = 2 71 £ 2 63 + 4 68 £ 3 74 + 2
(h=115)i§ (h=125) (n=125) (n=177) (n = 50) (n = 53) (h=38) (h=85)i (n = 68)

*YYIR1C = Yo-Yo intermittent recovery level 1 modified for children; HRmax = maximal HR; YYIR1Cg,pmax = % of HRmax after 2 min of YYIR1C.
tData are presented as mean = SEM.

ip < 0.05 for different than nonsports club active children.

§p < 0.05 for different than other sports.
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4.42 =+ 0.04 seconds; p < 0.05) and coordination (5%, 65 * 1
vs. 69 = 1 second; p < 0.05) tests than the children active in
other sports. No significant difference was observed between
the groups in respect of jump performance (103 * 1 vs. 101
+ 2 cm; p = 0.35).

The girls had 15% better balance test performance than the
boys (18.2 = 0.6 vs. 21.4 = 0.5 falls-min~, p < 0.05), whereas
the boys performed 47% better (p < 0.05) than the girls in
YYIRIC (840 = 31 vs. 573 = 23 m; p < 0.05). The boys also
performed better in the 20-m sprint test (5%, 423 * 0.03 vs.
445 * 0.03 seconds, p < 0.05), had lower HRgpmayx in the
YYIRIC test (2%, 89.6 £ 0.4 vs. 92.2 = 0.3%; p < 0.05), and
had better jump test performance (8%, 106 * 1 vs. 98 = 1 cm;
£ < 0.05) than the girls (Table 3). There were no differences in
coordination abilities between sexes (Tables 3 and 4).

Heart Rate and Blood Pressure

The children active in sports clubs had higher HRR than
those not active in sports clubs (5%, 137 = 1 vs. 131 =
1 b-min~!; p < 0.05). The ball game players had higher
HRR (p < 0.05) than subjects active in other sports and
those not active in sport (Table 2). Resting HR was lower
(p < 0.05) in ball game players (69.9 = 0.6 b-min~1) than in
subjects active in other sports (72.6 = 0.8 b-min~1) and
those not active in sport (73.9 = 0.7 b-min~!). Mean arterial
BP tended to be lower for the children active in sports clubs
(74.3 £ 0.4 vs. 75.5 £ 0.7 mm Hg; p = 0.09). No differences
were observed in HRR or BP between boys and girls.

Body Composition

Body composition variables are presented in Tables 1 and 2.
The children active in sports clubs had lower FMI than
those not active in sports clubs (16%, 3.8 = 0.1 vs. 45 =
0.2 kg-m~2; p < 0.001). The children active in other sports
had lower-body weight (5%, 31.8 = 0.5 vs. 33.6 = 0.6 kg; p <
0.001) and BMI (16.5 + 0.2 vs. 174 * 0.3 kg-m~2; p < 0.001)
than those not active in sport. Ball game players had higher
lean body mass (5%, 24.00 = 0.22 vs. 22.83 * 0.25 kg; p <
0.001) than subjects active in other sports. Whole-body and
leg BMD (2%, 0.90 = <0.01 vs. 0.88 = <0.01 g-cm~2 and
4%, 0.89 = 0.01 vs. 0.85 = 0.01 g-cm™2; p < 0.001), as well
as BMC (6%, 1,220 * 16 vs. 1,156 =+ 17 g and 8%, 426 = 8 vs.
395 £ 7; p < 0.001), were also higher in ball game players
than in subjects active in other sports. Whole-body BMD
was also higher in ball game players than in subjects not
active in sports clubs (1%, 0.90 = <0.01 vs. 0.89 = <0.01
g-cm™2; p < 0.001), whereas leg BMD was lower in subjects
active in other sports (2%, 0.85 £ 0.01 vs. 0.87 = 0.01; p <
0.001) (Tables 1 and 2).

Boys had a 25% lower FMI (34 = 0.1 vs. 46 = 02
kg-m™~2; p < 0.001) and an 11% higher lean body mass than
girls (24.5 = 0.2 vs. 22.1 = 0.2 kg; p < 0.05). Whole-body
BMD and BMC were higher in boys than in girls (3%, 0.90
*+0.01 vs. 0.88 = 0.01 g-cm™2; p < 0.05 and 6%, 1,217 = 12
vs. 1,143 = 14 g; p < 0.05), whereas no differences were
observed in leg BMD and BMC between sexes (Table 1).
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DiscussioN

The main findings of this large-scale study were that 8-10-
year-old children involved in sports clubs with ball game
activities have higher aerobic and musculoskeletal fitness,
sprint performance, postural balance and coordination abil-
ities, and lower FMI than children not active in sports clubs,
whereas children involved in other types of sports clubs had
less superior scores within these variables and poorer BMD
scores. This aligns with studies showing that children active
in sports clubs with ball game activities are more likely to
meet the recommendations for daily physical activity (20),
probably due to the high intensity of those activities com-
pared with other types of physical activity (9).

It was found that YYIR1C performance was 61% (350 m)
better in 8-10-year-old Danish children active in ball games
than in children not active in sports clubs, which is slightly
more than the performance differences observed in 9-11-
year-old Portuguese girls (43%) and boys (57%) active in foot-
ball clubs compared with children not active in football clubs
(31,32), whereas a significant difference between those active in
other sports and not active in sport was only found among
boys (23%). In this study, children active in sports clubs also
had lower HRpmax after 2 minutes of YYIR1C (HRpmax 90
vs. 92% HRmax) and higher HRR (137 vs. 131 bpm), whereas
children participating in ball games had lower HR,max than
children participating in other sports (89 vs. 91% HRmax),
indicating superior cardiovascular fitness in children active in
sports clubs (2,8). This difference in cardiovascular fitness may
well be related to the high amount of vigorous exercise con-
ducted during training at many Danish team sport clubs, such
as those where football and handball are played (20,27). Indeed,
we recently observed that 9-11-year-old children had high
HRs during school-based football, basketball, and unihockey
training, along with a marked improvement in aerobic fitness,
after only 6 weeks of twice-weekly 30-minute training sessions
(9), and that 8-10-year-old schoolchildren had structural and
functional myocardial adaptations after 10 weeks of 3 X 40 mi-
nutes of small-sided football games (22). Another important
finding was that children active in sports clubs had a 16% lower
FMI than those not active in sports clubs. This difference was
significant for the girls (21%), but not for the boys (6%), and for
girls participating in ball games compared with other sports.
Interestingly, it has recently been observed that body fat is
lower in male and female football club members than in
non-members, but only in children older than 11 years, not
in 9-10-year olds (31,32). Altogether, our observations show
that 8-10-year-old Danish children active in sports clubs have
a better cardiovascular health profile than those not active in
sports clubs, and the results have important consequences in
view of the well-known clustering of low physical activity with
other cardiovascular risk factors (3,4,26,34).

In this study, sprint performance was 5.1% better in the
children active in sports club with ball game activities than in
those not active in sports clubs, which may be due in part to
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a nonsignificantly lower-body weight and a significantly
higher lean body mass (2.7%). The difference in sprint
performance may also be related to better motor function in
the children active in sports clubs with ball game activities, as
evidenced by 10% better postural balance and coordination
skills. Previous cross-sectional studies have shown that the
bone effects of sports participation are related to the type of
sport, with team sports having marked positive associations
with bone mineralization, but non-weight-bearing endurance
sports like swimming and cycling having no or even negative
associations (38,39). Moreover, the bone effects may be
related to training frequency and number of years of training.
Thus, in agreement with our findings, a Portuguese study has
shown higher BMC and lower-limb BMD in children aged 9-
10 years who play football 3 or more times a week, whereas
other Portuguese studies have shown higher BMC and BMD
in football players aged 11-15 years than in children not active
in sports clubs (33) and markedly higher overall BMC and
femur and hip BMD at the end of a 3-year follow-up study,
despite no initial differences in bone mineralization, between
children who played football and those who were not active
in sports clubs at the age of 9-10 years.

This study showed that, irrespective of participation in
organized leisure-time sports, boys had higher BMD and
BMC than girls, which is in line with previous findings
showing that boys play more outside during school breaks
(19), probably exposing them to higher mechanical loads,
which leads to stronger bones (19,21,36). In accordance with
previous findings demonstrating higher maximal aerobic
power, anaerobic performance and muscle strength in boys
than in girls (12), the boys in our study sprinted faster and
jumped further than the girls. However, the girls had better
balance than the boys, which is in agreement with a number
of other studies (11,16,25,28). It has been suggested that one
reason for boys having inferior balance skills to girls may be
a lower attention span in boys, which may interfere with the
visual, vestibular, and proprioceptive system functions that
are important for postural stability (25,35).

The lack of information on everyday life activities (e.g., active
transport and leisure-time activities) is a limitation of the study.
The children had all been exposed to 90 minutes of compul-
sory physical education during their school time, but apart from
that their levels of physical activity were not evaluated. Another
limitation of the study is the medium sample size, which only
allowed for division of the children into 3 groups (ball games,
other sports, and no sport), although it should be emphasized
that the majority of 8-10-year-old Danish children who play
ball games attend football or team handball activities that are
known to be similar in intensity and organization (20).

In conclusion, this study showed that 8-10-year-old chil-
dren engaged in sports club activity, especially ball games,
have better physical fitness and a healthier body composition
than those not active in sports clubs, as evidenced by superior
aerobic and musculoskeletal fitness, sprint performance, pos-
tural balance, and coordination abilities, as well as markedly

lower FMI Moreover, the study demonstrated that 8-10-year-
old girls have better postural balance but poorer aerobic fitness
and sprint performance than boys of the same age as well as
lower bone mineralization, suggesting that intervention studies
including ball games aiming at enhancing physical perfor-
mance levels, especially within the girls should be investigated.

PRACTICAL APPLICATIONS

This article suggests that team sports played in sports clubs
constitute intense and versatile training activities with
a broad-spectrum positive impact on schoolchildren’s health
and highlights the importance of high-intensity physical
activities in schools, such as team sports, where the least
active children can be reached.

These results should be taken into consideration by
parents, sports organizations, and politicians responsible
for increasing children’s participation in sports clubs. More-
over, the findings call for medium- and long-term exercise
intervention studies in prepubertal children to evaluate ef-
fects on aerobic fitness, fat mass, muscle strength, and
bone mineralization. It would be valuable if such studies
focused on the quality of the training to investigate whether
ball games are superior to other types of physical activity for
improving fitness and health profiles in children.
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