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Abstract. The am of this study was to andyse changes over 8-months of a multidisciplinary school-based intervention program (ACORDA-Project),
in body fat, metabolic profile and physical activity (PA). 40 children [22 girls (55%), and 18 boys age=8.4+1.2] of 6 schools participated in a
multidisciplinary program during a school year. Blood pressure (BP), physica activity (PA) by accelerometers, percentage of body fat (%BF) and of
trunk fat (%TF) by DXA, and plasmatic total cholesterol (TC), triglycerides, HDL-cholesteral, LDL-cholesterol, insulin and glucose were taken at the
baseline (Time point 1, TP1) and at the end of the intervention (Time point 2, TP2). Genera Linear Models (Repeated Measures Analysis of
Covariance) was carried out comparing values a basdine vs. find evaduation, with adjustments for gender and age a basdine. Further adjustments were
made to relative changes (increase%,) in height, weight, total PA through steps.day, sedentary (SEDPA), light (LIGPA) and moderate to vigorous
(MVPA) intensities. Relative changes were calculated as incresset, = (X, = Xaaind | Ko elistical significance was set & 5%. Eta squared (rf) was
usad as an indicator of effect size. There was a significant increase of LIGPA and MVPA, (P<0.05), and sgnificant reduction in systolic blood pressure
(P<0.05), but not in diastolic blood pressure. For TC and fasting glucose, significant reductions were dso found P<0.05). No changes were observed for
other traditional cardiovascular risk factors. The present study found that 8-months of multidisciplinary intervention provided a significant increase
in PA levels and reduced cardiovascular risk factors in school children, highlighting the importance of this type of intervention through promotion of
PA and the positive impact on children health.
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Resumen. El objetivo de este estudio fue andizar los cambios en la grasa corpord, € perfil metabdlico y la actividad fisica (AF) en jévenes escolares
que han participado en un programa de intervencion multidisciplinario (ACORDA-Project). 40 nifios [22 nifies (55%), y 18 nifios de edad = 84 + 1,2]
de 6 escuelas participaron en un programa multidisciplinario durante un afio escolar. La presion arterial (PA), AF por acelerdmetros, la porcentgje de
grasa corpora (% GC) y de la grasa del tronco (% TF) por DXA, y € colesterol total plasmético (CT), triglicéridos, HDL-colesterol, LDL-colesterol,
insulina, la glucosa se tomaron a la linea de base (punto de tiempo 1, TP1) y a fina de la intervencion (punto de tiempo 2, TP2). Modelos lineales
generales (medidas repetidas andlis's de covarianza) se utilizaran para la comparacion de los vaores d inicio del estudio vs. evauacion find, con gustes
para el género y la edad d inicio del estudio. Se hicieron nuevos gustes a los cambios relativos (incremento%,) de atura, & peso, actividad fisica total
(PA) através de pasos por dia, sedentaria (SEDPA), leve (LIGPA) y de moderada a (MVPA) intensidades vigorosas. Se calcularon los cambios relaivos
como: incremento%, = (xfinal - Xbasdline) / Xbasdline. La significacion estadistica se fijé en 5%. Eta cuadrado (1?) se usd como un indicedor del tamafio
del efecto. Se observo un aumento significativo de LIGPA y MVPA, (P <0.05) y una reduccion significativa de la presion arterid sstdlica (p <0,05), pero
no en la presion arterid diastdlica. Para el CT y la glucosa en ayunas, también se encontraron reducciones significativas (P<0.05). No se observaron
cambios en otros factores de riesgo cardiovascular tradicionaes. El presente estudio encontré que 8-meses de intervencion multidisciplinaria proporcionaron
un aumento significativo en los niveles de AF y reduccion de factores de riesgo cardiovascular en nifios en edad escolar. Se destaca la importancia de este
tipo de intervencién a través de la promocion de la AF y € impacto positivo en la sdud de los nifios.

Palabras clave. enfermedades metabdlicas, nifios, DEXA, acelerometros, composicion corporal.

Introduction

Obesity is one of the most spread diseases in developed and
developing countries. Portugd has one of the highest rates of children
with overweight, dong with other Mediterranean countries (Sardinha
et d., 2011). According to current scientific evidence, high levels of
physicad activity (PA) during childhood and adolescence, particularly
moderate to vigorous PA (MVPA), are associated to lower total and
central adipogity (Frankset d., 2010) and other weight-related problems,
such ashypertenson (Gayaet d., 2009) and unfavourablelipid profile
(Andersen, Riddoch, Kriemler, & Hills, 2011). Because childhood
obesity clearly tracks into adulthood (Singh, Mulder, Twisk, van
Mechelen, & Chinapaw, 2008) and after established in adulthood,
obesity isdifficult to tregt (Leblanc, O’ Connor, Whitlock, Patnode, &
Kapka, 2011), interventions for prevention and trestment have been
focused in early ages. Indeed, it seems eesier to control and influence
childrenrather than adultstoward to hedlthy behaviours Review sudies
suggest that treatment of childhood obesity can beefficient promoting
positivebehaviours, combining diet andincreased PA levels, or reducing
negaivebehaviourssuch asteevisonviewingtime(Brownetd., 2009;
Katz, O’ Connell, Njike, Yeh, & Nawaz, 2008; Khambdlia, Dickinson,
Hardy, Gill, & Baur, 2012; Vasques et d., 2013; Waters et al., 2011,
Whitlock, O’ Connor, Williams, Bell, & Lutz, 2010). Schoolsareoneof
our best venues for making these popul ation-wide changes. However,
thereisno standard intervention profilethat fitsal schoolsand different
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populationsand most resUltsreport somelimitationson theeffectiveness
of interventionsto achieveweight reductionin school settings(Khambdia
e d., 2012). And despite the mgjority of studies being randomized
controlledtrids(RCT), they are, at aminimum, a moderaterisk of bias
(Dobhins, Husson, DeCorby, & LaRocca, 2013). In addition, severd
limitationscan befoundin methodol ogy, astheuseof different primary
outcomes(suchasBMI, waist circumference (WC), body fat, PA levels
or metebolicvariables), different timesof intervention, different designs,
hindering the comparison between sudies. Furthermore, thelong-term
impact of interventionsis gl unclear.

Therefore, theaim of thisstudy wasto anaysechangesin body fat,
metabolic profile and habitual PA after 8 months of a school-based
interdisciplinary intervention program (ACORDA-Project).

M ethodology

Sudydesign

The «ACORDA Project» (i.e. Obese Children and Adolescent
Involved in PA and Diet Program) isalongitudina intervention study,
focused in young people with overweight and obesity. «<ACORDA
Project» is an 8-month interdisciplinary, school-based intervention
program, aimed to change behavioursby providing easy accessto PA.

Participants

The mean number of students per school was 152 (min 93; max
236). Initidly, weight and height weretaken to screen dl children, and
those abovethe cut points of overweight according Coleet d., (2000),
wereinvitedtoparticipate. A letter wassent tod| parents, acknowledging
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themission of the project and inviting them to participatein ameeting
wherethey would beinformed in more detail about the aims, contents
and evaluation to beaccomplished.

All children were randomly selected from 6 schoolsin the Porto
digtrict fromadeprived suburban area, with high prevaence of obesity
and low socio-economic status: 56.6% of mothers or fathers were
unemployed and over 60% of mothers and 70% of fathers concluded
9thgradeor less. The preva enceof overwel ght and obesity washigher
thantheaverageintherest of thecountry, with 46.4%for girlsand 47%
for boys. For ethical reasons, childrenwith normal weight who showed
interested in parti cipatewereacceptedinthe program. Fourteen children
[22 girls (55%), and 18 boys age=8.4+1.2] including 37.7% with nor-
ma weight, 22.6% with overweight and 35.8% with obesity from 6
schools participated in a multidisciplinary program during a school
Y.

Intervention Program

All participants were asked to modify their lifestyle habits and to
participate in a regular physical exercise classes. Attendance was in
average of 85%. The ACORDA Project condsted in adding 2 extra
hours of after-school sessions (1h each sesson) and took place from
October to June. Classes/groups comprised a minimum of 6 and a
maximum of 8 participants in each school. Two graduates in Sport
Sciences, under the guidance of two researchers supervised sessons,
ensuring thet the type and variety of exercises would be performed
according to previoudy planned to guaranteetheequality indl schools.
Sessonsincluded 15 minutes of warm-up with aerobic enduranceand
flexibility, 30minutesof working circuit for aerobics, strengthendurance
training, coordination and balance, with balls, bows, strings, and
cdlisthenicexercises, 10 minutesof gamesto promoteenjoyment, and
5minutesof retching. All activitieswerecarried-outindoorsin schools’
sportsfacilities. Exercisesand gameswere progressively intensified as
individudly tolerated. Training intensity and compliance between
individua s was defined to induce heart rate (HR) higher than 80% of
eechchild'sHR__ . Toensurethis, 10randomly sdlected childrenwore
a portable HR monitor (Polar Team? Pro, Polar, Finland) and an
accderometer (MTI, modd GTX 3, asdescribed below) during sessons.

Toreducedropout rates, at theend of the program, threebikeswere
offered tothosechildrenwho attended al sessionsand achieved higher
PA levels To maintain enthusiasm, activities outside school, such as
surfinglessons, acamp during weekend and themetic d asses(Chrismas,
Carniva and Eagter) were organized. Parents could dso participatein
dl sessonsand extra-activities. A basket was raffled for parents who
attended aworkshop about hedlthy food habitswith selected nutrients
and recipesof low-cost medls. Eval uaionsweremedeat thebeginning
and a the end of theintervention, at the facilities of the University Of
Porto Faculty Of Sports, under the same condition, using the same
protocols, indruments, and evaluators. Blood samples were taken at
school, avoiding childrentowait many hoursfasting.

Attheendanindividua report wasddiveredtochildren’s guardians
including dl test results and abrief interpretation. If abnormal values
wereobserved, paediatriciansand parents/guardianswereinformed and
an gppointment with afamily doctor was encouraged for afollow-up
evauation.

The nature, benefits, and risks of the study were explained to the
volunteers and aparent’ swritteninformed consent was obtained before
the study, conggtent with the Helsinki Declaration. The experimental
protocol was approved by the Review Committee of the Scientific
Board of the Faculty of Sport - University of Porto aswell as by the
Foundation of Scienceand Technology. Nutritiondl, andytical anddlinical
datawerecoll ected a basdine (October 2012) and fter theintervention
program (June 2013). The participants weretold to do a12-hour fag,
and could only drink water after dinner in the previous day.

Participants under regular medication or having any physica
conditionwereexcluded fromthesample.
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Procedures

Anthropometry

Height and weight weremeasured beforestarting the protocol with
participants wearing shorts and t-shirts only. Height was measured
usngaHoltainstadiometer (Holtain Ltd., Crymmych, UK) and recorded
in centimetres to the nearest millimetre. Weight was measured to the
nearest 0.1 kg with the scale TanitaM C 180 MA. BMI was cdl culated
by theratio betweenweight and squared height (kg.n?). BMI categories
were 2t using Coleet d. (2000) cut points.

WC was measured to the nearest mm with ametdlic tape a the
superior border of the iliac crest, according to the protocol of the
NHANES (The Third National Hedth and Nutrition Examination
Survey, 1996).

Blood Pressure

Systolic and diastalic blood pressures (SBP and DBP) were
measured with an automated oscillometric gphygmomanometer (Colin
PressMate Non-Invasive Blood Pressure Monitor - model BP 8800p;
Calin Medicd Instruments Corporation — San Antonio, TX, USA),
using astandard technique (Duarte, Guerra, Ribeiro, & Mota, 2000). A
trained techniciantook themessurements SBPand DBPweremeasured
intheright arm, with the subjectsin thefagting sate. Thesubjectswere
inthesitting position (without their legs crossed), with theright arm at
heart level. Threestandard pressure cuffs of correct Sze (9x18, 12x22,
16x30 cm) were used according to the published guiddines for BP
assessment in children (Pickering et d., 2005). The firgt and second
measurementsweretaken after 5 and 10 min resting, themean of these
measurements being congdered for datigtica purposes. If these two
measurementsdiffered 2 mm Hg, the protocol wasrepeated (two new
measurementsthat could not exceed 2 mmHg).

Body composition

Whole body Dual-energy X-ray Absorptiometry (DXA) was
performed using aHol ogic Explorer configured with softwareversion
12.1 (Hologic, Bedford, MA). Measurements were analysed using
HologicAPEX 3.1 software (Hol ogic) according to sandard procedures
stforthintheusersguidefor the DXA ingrument, and %BF and trunk
fat (%TF) were reported.

Blood Samples

After anovernight fast of at least 12 hours, blood was collected by
venepunctureinto ethylenediaminetetraaceticacid (EDTA) containing
tubes and processed within 2h. Aliquots of plasma were made and
Stored at —80°C until assayed.

Lipidsandlipoproteinsandysiswereperformedinanauto-andyser
(Cobas Integra 400 plus, Roche) usng commercidly available kits.
Total cholesteral (TC) and triglycerides (TG) concentrations were
determined by enzymatic colorimetric tests (CHOD-PAP and GPO-
PAPmethods, Roche, respectively). High-density lipoprotein (HDL)-
cholesteral was measured using enzymatic colorimetric tests (Direct
HDL-Cholegterol, Roche). Low-density lipoprotein (LDL )-cholesteral
wascd culaed using Friedwa d formula(L DL -cholesterol = TC—HDL-
cholesteral — (TG/5) (Friedewdd, Levy, & Fredrickson, 1972). The
determinationof circulainglevelsof glucoseandinsulinwereperformed
using routine automated technology (ABX Diagnostics). The
homeostasis model assessment of insulin resistance (HOMA|R) was
caculated (Matthewset d., 1985).

Physical activity

TheManufacturing Technology Inc. (MTI), modd GTX3, formerly
known asthe Computer ScienceA pplicationsactivity monitor (Shdimar,
FL) was used to evaluate PA. Vaidation studies examining this
accelerometer suggest thet it providesavaid and reliable measurement
of PA in children being strongly correlated (r = .86) with energy
expenditure, assessed by indirect ca orimetry, aswell asahigh degreeof
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Table 1.
Partidpantscharacte istics at baseline

inter-instrument  reliability  (Brage,

Wedderkopp, Andersen, & Froberg, 2003;

All (=40) Girls(n=22) Boys (n=18) Difference (Girls - Boys N
Mean = SD Mea -+ SD Men + D Mean (95% CI) i

TrOS d d., 1998) Age (years) 84+ 12 84 +1.2 84+ 12 -0.03(-0.80t00.75) 0,000

Heght cm) 1314+ 73 1293 +6.5 13839+ 7.7 -4.63(-9.17t0-0.09) 0101

For the current study, the accelerometer wegt (kg e+ 107 22t os w1115 505 (1267 0078) oors

. . BMI (kgm?) 198 + 4.4 18.9+ 40 209 + 48 -1.95(-4.76100.86) 0049

was worn on the hip secured by an dadtic we () 64t 124 652 4118 T4t 123 725 (149810 047) 0087

. - . - Body Fat (%) 373+7.0 36.7+ 61 380 + 8.0 -1.33(-5.84t03.18) 0009

waist belt. Theepoch period (i.e, theduration Tk Fat () w384 wat 77 09t o4 Ton(eaptonds) 0004

. . SBP (mm Hg) 1062 + 11.0 102.5+ 120 1106+ 79' 812 (-1479  -145) 0138

of the sampling period) was st at 10 seconds DBR(TMH) 559+ 68 57t 73 596 5.1 452(9.06(0-0.79) o133

TC (mgdL %) 1726 + 28.3 165.4+ 288 1813 + 25.9 -15.84(-33.56t01.89) 0079

and the output was expressed as counts per HD L cholestadl (g o) 519+ 105 siat o1 st 11y 703 (1350 b -056) 0113

. . 1 . . LDL -cholegterol (mgdL 1) 1020 + 23.7 975 +25.4 1076 + 20.7 -10.02(-25.11t05.07) 0045

m|nute (COUntS'm|W ) Par'[ICI pants were TG (mgdL?) 782+ 375 808 +40.8 75.0 + 340 5.86(-18.52t0 30.24) 0006

. . . . . . Glumse (mgdL ) 818 + 7.5 80.6+ 74 834 +75 -2.74(-7.53t02.06) 0034

provided with written instructions regarding Insiing: UmL-h o1+ 54 958 +6.64 055+ 368 1632 5110 457 0009

HOM A, 187+ 117 193 +1.40 178 + 084 0.15(-0.62to 091) 0.004

care and pla:a‘na]t of the accderometers. A Sedentary PA (min.day ) 6226 + 62.2 615.1+ 631 6318 + 614 -1667 (5681 0 2348) 0018

. .. Light PA (minday™) 3474 + 60.5 358.1+ 657 3343 + 52.2 2376 (-1487 t062.39) 0039

data sheet was given to each participant Marerte PA (rinday’) 0+ 140 566 £106 w06+ 175 307 (127210 658) ootz

- . . Vigorous PA (min.day ) 121+ 112 10.3+ 59 143+ 153 -402 (-11.98 to 3.94) 0033

providing instructions to remove the MVPA (min.da ) 00+ 233 w08+ 156 39+ 303 700 (2332 0914) ooos

. Totd PA (¢gsday?) 9652.7 + 18375 94815 -+ 1350.8 9862.0 + 23254 -38055 (-1653.06 o 891.96) 0011

Eccde'omasmtlrnethe] FHfOrmaj any Totd PA (countsmin) 5618 + 1317 545.4°+ 873 5819+ 1721 -36.49(-128.61t055.62) 0019

Motor Coordination (um) 89.8 + 327 871 +35.6 93.2 + 295 -6.07(-27.31t015.17) 0.009

restricted activities like showering and
swimming.

Activity counts were summed for eech
hour that the accelerometer was worn between 7:00 h and 24:00 hto
providearepresentativepictureof daily activity. Criteriafor asuccessful
recording were a minimum of 4 days of the week and 1 day of the
weekend, and more than 600 minutes per day. Time periods of at least
10 consecutive minutes of zero counts were considered as periods
when the monitor was not worn and thus disregarded before andyss.
Thedatawere processed with pecific software«Actilife, verson 6.8».
Specific cut pointsfrom Evenson et d (2008) were used: for sedentary
intensity d»100; Light, >100, moderate e» 2296; and vigorouse» 4012
countsmin™. Studentsfilled out adiary indicating theactivitiesperformed
fromtheawakening until despingtime.

Motor Coordination Coefficient

Motor performance was assessed by the Koordinaions Test fr
Kinder (KTK) aswell asatest of throwing accuracy. The KTK isa
product-oriented motor performance battery which conssts of four
age-adjusted movement ability tests 1) asingle-legged hop over obdtades,
2) abalancetest onthreedifferent width beams, 3) asideward jumping
(Ski jumping) test lasting 15 seconds, and 4) alatera movement test
lagting 20 seconds where the participant moves from one 6 x 6 inch
footstool to another as many times as possible. A motor quotient for
each participant was derived from the sum of the KTK age-adjusted
scoresfrom thefour test items. The highest attaineble score wasthirty
points. Thetest wasfirst describedintheAllgemeiner sportmotorischer
Test fur Kinder (AST) test battery (Bos & Wohimann, 1987).

Satidtical Procedures

Descriptivedatafor continuousvarigblesare presented asMean +
Standard Deviation or Mean (Standard Error) for adjusted analyses.
Theproportionsfor gender andweight statusaredescribed aspercentages
and Chi-squared test was used to andyse differences between groups.

At basdine, Sudent’s T-test was carried out to anayse differences
betweenboysand girlsin anthropometric meesurements, cardiovascular
risk factors (CRF), PA and motor coordination.

Toandyselongitudina changesin anthropometric measurements,
CRF, PA and motor coordination after 8-months PA intervention, Ge-
nera Linear Modes(Repested MeasuresAnaysisof Covariance) was
caried out comparing values a basdine vs. finad evaduation, with
adjusmentsfor gender and age at basdline. For those anthropometric
measurementsand CRFthat presented S gnificant longituding changes,
daetawere reanalysed adding reletive changes (increase%,) in height,
weight, SEDPA, LIGFA, MVPA andtotd PA (stepsday ) ascovariates.
Relative changes were caculated as: increase%, = (X, , — X0 /
Xeaine: THISPProachwasused to analysewhether longitudinal changes
in dependent variableswereindependent variationsrelated togrowth or
modificationsin habitua PA.

Satigtica sgnificancewas set at 5% for dl andyses. Etasguared
() wasused asanindicator of effect Sze. All caculationsand andyses
werecarried out in SPSSverson 21.0for Mac OSX.
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Notes Descriptive values are Mean -+ Standad Devi ai on; Gender differences ae Mean (95% Confi dence Intaval); Effect sizefor gender differances is represente as Eta Squared (7 2);*for
P<0.05. BM I, body massindex; WC, waist d rcunference; SBP, systolic blood pressure DBP, diasolic blood pressure; TC, total cholesterol; TG, tiiglyceides HOM A, homeogas's model
asessient of insulin resistance PA, physical adtivity; MV PA, moderate to vigorous PA .

Resaults

Participants characteristics and data at basdline are presented in
Table1for thetota sampleand according to gender. At thebeginning of
the study, therewere differences (P<0.05) between gendersfor height,
SBPR, DBP and HDL-cholesteral, with grester vaues for boys. At
basdline, 45%of childrenwerenormd -weight and 55% wereoverweight
or obese. The proportions of subjects classfied as overweight/obese
weresimilar between genders (3¢ = 2.059; P=0.560).

Longitudina changesfor anthropometric measurements, traditional
CRF and blood pressurewith adjustmentsfor ageand sex areshownin
Table 2. Results show significant (P<0.001) increases in height and
body mass. No changes were found in BMI, %BF and %TF. There
was a significant reduction in SBP (P<0.05), but not in DBP. For TC
andfagting glucose, Sgnificant reductionswerea sofound. No changes
were observed for other traditiona CRF.

Table 2.
Longitudinal changes in anthropometric measurements and cardi ovascular risk facors

Bassline Find Longitudinal Change

(Find —Basding) Patid 5 2
Men(SE)  Mean (SE) Mean (95% CI)

Heght (cm) 1314 (08 1341 (LO)** 2.65 (1.95 10 3.36) 0595
Weight (kg) 348(13)  36.1(L3)* 1.23 (06910 1.77) 0.346
BMI (kg.m? 19.8 (0.6) 197 (0.6) 010 (-0.4010 0.20) 0.012
WC(am) 68.4(16) 70.6 (15) 215 (:0.16 t0 4.46) 0.082
Body Fat (%) 37.3(11) 37.0(10) 0.26 (-1.6510 1.13) 0.004
Trunk Fat (%) 343(13) 340(12) 0.34 (-2.0810 1.41) 0.004
SBP (mmHg) 1062 (16) 1021 (L3)** -4.05 (-6 65 t0-1.45) 0.201
DBP (mm Hg) 55.9(1.0) 57.8(0.8) 1.88 (-0.31 0 4.07) 0.071
TC(mg.dL 1726 (44) 1656 (4.2)* -7.00 (1265 t0-1.35) 0137
HDL-chol esterol (mg.dL 54.9(16) 529 (16) -2.03 (-5.080 1.01) 0.044
LDL-cholesterol (mg.dLl) 1020 (3.7) 98.0 (3.4) 4,09 (-9.0010 0.82) 0.067
TG (mg.dL) 782 (6.0) 743 (4.4) 3.94(-14.22106.34) 0.015
Glucose (mg.dL) 818(12)  784(0.9)* -347 (581 t0-1.13) 0.186
Insulin ( z U.mL) 912(085  837(0.71) 0.74 (-2.06 10 0.57) 0.032
HOMA 187(0.18)  163(0.14) 0.23 (-05310 0.06) 0.061

Notes: Descriptive vaues ae Mean (Sandard Eror), Longitudind Changes are Mean (95% Confi dence
Interva ), Effect si ze for longi tudinal changes isrepresented as Partial Eta Squared ( n 2); * for P<0.05 and **
for P<0.001.

BMI, body mass index; WC, waist circumference SBP, systolic blood pressure; DBP, diastolic blood
pressure TC, totd cholesterol; TG, triglycerides; HOMA‘R, homeostasis modd assessment of insulin
resistance.

PA and motor coordinationlongituding changeswith adjustments
for ageand sex arepresentedin Table 3. Datashow significant decreases
in SEDPA (P<0.001). Regarding PA therewere s gnificant increases of

Table3
Longitudinal changesin daily physical activity

Longitudinal Change

Basdine Final ) . .
(Final — Baseline) Patial n2
Mean (SE) Mean (SE) Mean (95% Cl)
Sedentary PA (min.day™) 622.6(9.3) 571.4(9.4)" 51.23 (-71.6810-30.78) 0.395
Light PA (min.day-L) 347.4(9.1) 383.4(86)" 36.04 (18.01 t0 54.07) 0.293
Moderate PA (min.day<) 380(22) 49.8(2.3)* 11.84 (7.42 t0 16.26) 0.427
Vigorous PA (min.day™%) 121(18) 154(15)" 3.35(0.34106.37) 0.114
MVPA (min.day™)) 50.0(37) 652(33)" 15.19 (8.50 to 21.89) 0.348
Total PA (stepsday?) 9652.7 (2934) 111784 (280.5)"  1525.7 (965.2 to 2086.1) 0.435
Total PA (counts min-) 561.8(20.5)  637.7(18.6)"" 75.87 (33.13t0 113.61) 0.296
Motor Coordination (sum) 89.8(53) 95.3(5.8)"" 5.43 (-4.17 t0 15.04) 0.032

Notes: Descriptive values ae Mean (Sandard Error); Longitudinal Changes are Mean (95% Confidence
Interval); Effect sizefor longitudinal changes is represented as Partial Eta Squared (7 2); * for P<0.05and **
for P<0.001.

PA, physi cal adti vity; MVPA, moderateto vigorous PA.
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LIGPA and MVPA, (P<0.05). Additionally, significant improvements
(P<0.001) weredetectedintota PA (Stepsday or countsmirn). Findly,
changeswerenot significant for motor coordination.

Findly, longitudina changesin SBR, TC and fasting glucosewere
andysed adjusting dso to relaive changesin height, weight, SEDPA,
LIGPA, MVPA and totd PA (steps.day?). The above-mentioned
adjusted longitudind andysis is presented in Table 4. These data
demondrate that longitudina changesin SBR, TC and fagting glucose
remained significant (P<0.05) after adjustmentsfor covariatesof changes
associaed to growth and habitual PA.

Table 4
Longitudinal changesin systolic blood pressure, total cholesterol and fasting glucose

Basdine Eind Longitudind Change

(Find —Basdine) Patial 1 2
Mean (SE) Mean (SE) Mean (95% Cl)
SBP (mm Hg) 106.2 (1.7) 102.1 (14" -4.05 (6.73t0-1.36) 0.234
TC (mg.dLY) 172.6 (4.4) 165.6 (4.2)" -7.00 (-12.60 t0 -1.40) 0.173
Glucose (mg.dL?) 81.8 (L1) 78.4(0.9)" -3.47 (5.39t0-1.56) 0.306

Notes: Descriptive values are Mean (Standard Error); Longitudinal Changes ae Mean (95% Confidence
Interval ); Effect si e for | ongitudinal changesi s represented as Partial Eta Squared ( n 2); Covaridesare sex,
age=8.4, A%, ;=2.0%, A%, =37%, AYbgroa=-7.5% A% pa=12.2%, A%y pp=46.3%, A% 00
se=17.9%; " for P<0.05and ™ for P<0.001.

Sﬁ’, systolicblood pressure TC, total cholesterol.

Discussion

After 8 months of a multidisciplinary intervention program to
increase PA, we tested the effect of time in severd CRE. Our main
results showed an overdl tendency for improving most metabolic va
rigbles, body fat and PA, athough with significant findings for al PA
intengity levels, SBP, glucoseand TC.

There are compelling evidences that PA brings many benefits to
hedtha any age; and higher intensity levels, especially MV PA, through
intervention programscan helpintermsof promoting healthy weightin
children and adolescents (Mark & Janssen, 2011; Strong et d., 2005).
However there are mixed findings concerning PA as outcome. Some
studies proved the efficacy of interventionsto increase PA (Demetriou
& Honer, 2012). Othersprovided srong evidencethat PA interventions
havehad only asmdl effect (gpproximately 4 minutesmorewalking or
running per day) on children'soverdl activity levels. Theseresultscan
patialy explain, why such interventions have had limited successin
reducing the BMI or body fat (Metcaf, Henley, & Wilkin, 2012).
However, our favourable results for PA did not result in Sgnificant
decreases in body fat or trunk fat neither in BMI or WC. A meta
andysis of 11 randomized trids (Guerra, Nobre, Silveira, & Tadde,
2013) suggested that, regardless of the potentia benefits of PA to
reduce participants weight in school environments, the interventions
did not have agtatistically Sgnificant effect. However, itisdifficult to
generdizefromtheseresultsbecausetheduration, intensity and typeof
PA used in the interventions varied greetly. Mark and Janssen (2011)
revedled aninversere ation betweentotd,, |ow, moderateand vigorous
intensity PA with total body and trunk fat assessed by DEXA. Severa
authors (Sun et d., 2011), observed dso adecrease in body fat, %TF
and WC, related with exercise compliance, but did not significantly
decrease body weight and BMI. In fact, most studies showed
inconclusiveevidencesfor WC (Sunetd., 2013), and BMI. Intervention
effects on BMI appeared to be limited, with less than 30% of the
studies achieving significant results (Harris, Kuramoto, Schulzer, &
Retallack, 2009). To bring about reductionsin BMI, WC or body fet,
complex, multi-gtructured longituding interventionsarerequired. The
reason for the small influence of the intervention in our study may be
explained by the fact that the target group was not exclusively of
overweight children. However, important cardiometabolic outcomesas
festing glucose, TC and SBPhavedecressed significantly. Longitudina
changes in the mentioned risk factors remained significant after
adjustmentsfor covariatesthat could berd ated togrowth or modifications
indaily PA. Theseresults are of most relevance, asthey highlight the
impect of thisinterventioninlongitudina termsbeyond theincrease of
habitua PA. In other words, these favourable changesin SBR, TC and
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fasting glucose might be associated to the dose of PA/exerciseinherent
to the intervention program, and not exclusively related to the
improvement in PA behaviours.

Theregular practiceof PA hasproved toinfluencepositively blood
pressure, glucose and lipid profiles. Other studies showed that
multidisciplinary interventions (i.e. diet, PA) were able to improve
metabolic profilein obese (Bianchini et d., 2013) and anong normal
weight children (Eagleet d., 2013). Likewise, no significant effects of
interventionsoninsulin sengtivity and early insulinreleaseindex were
observed (Sunet d., 2011). Somelarge, higher quality RCTsprovided
grongevidencefor interventionstoincrease HDL -cholesterol . However,
blood pressureand TG L DL -cholesterol and TC remainedinconclusive
and require additional higher quality studies with high dose of
interventionsto provide conclusive evidence (Sunet d., 2013).

M oator coordinetion (MC) ispasitively corrd aied with PA (Williams
et a., 2008) and the development of these fundamental motor skills
during childhood isof most relevance. Childrenwith good object con-
trol killsaremorelikely to becomefit and hedthy adolescents(Barnett,
Van Beurden, Morgan, Brooks, & Beard, 2008). In our study the
sgnificant increase of PA level swas not accompanied by asignificant
increesein MClevels Thesameresultswerefoundin 6- to 8-year-old
Danish children, showing the complex interrel ationshipsamongst PA,
%BF, and motor performance (Morrison et d., 2012). Neverthdless, it
is probable that fundamental movement skill competences can be
maintained over timein children and adolescents(Lai et d., 2014), and
that interventions can ill be more effective than standard Physicd
Education curricula at improving motor skill performance (Boyle-
Holmeset d., 2010).

Follow-up studies, have shown that it is likely that PA is a
sustainable outcome from interventions in children and adolescents,
andthereisreasonableevidencethat interventionslonger than 1 yeer are
efedtiveinproducingthissugtainedimpect (La etd., 2014). Longitudinal
datahaveshownthat for eachweekday thet normal weight adolescents
participated in certain extracurricular physical activities and physica
education, theodds of becoming overweight in adulthood decreased by
5% (Menschik, Ahmed, Alexander, & Blum, 2008). It is therefore of
primary importance to identify gpproaches that will be effective in
increasing and sustaining activity levelsof children and adolescentsina
school setting. The same authors evidenced that the 2 main limitetions
observed were lack of assessment of adherence to Sudy protocols,
both a theschool level and a theindividua level, andlack of objective
asessment of the «dose» of PA achieved with such interventions.

Severd methodologicd limitations can be identified, such as not
beingaRCT design, smdl samplesize, thelack of acontrol group and
information about energy intake. However, thestrength of thisstudy is
the robust and objective measures used to assess al variables,
emphasizing DEXA, and accelerometersfor PA. Infact therearevery
few school-based intervention studies including so many robust
measurements as our study did.

Conclusions

In conclusion, the present study found that 8-montns of
multidisciplinary intervention reduced risk factorsin school children.
These results highlight the importance of this type of intervention
amingtoincressePA levelsfor the positiveimpact on children’ shedlth.
Further studies, with a larger samples and longer follow-up periods
would beva uableto congtruct solid evidences.
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