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Abstract
Objective  To test a physical activity intervention 
(MOVI-KIDS) on obesity indicators, physical fitness and 
blood pressure (BP) in children.
Methods  A crossover randomised cluster trial was 
conducted, which comprised 1434 children (4–7 years 
old) from 21 schools in the provinces of Cuenca and 
Ciudad Real in the Castilla-La Mancha region of Spain. 
The intervention consisted of three 60 min sessions/week 
on weekdays between October 2013 and May 2014. 
Changes in anthropometric variables, physical fitness and 
BP parameters were measured. The analyses used were 
mixed regression models to adjust for baseline covariates 
under cluster randomisation.
Results  There was no significant improvement in 
overweight/obesity with the intervention compared with 
the control group in both sexes. Further, the intervention 
did not alter other adiposity indicators or BP parameters. 
Improvements in cardiorespiratory fitness were seen in 
girls (1.19; 95% CI 0.31 to 2.08; p=0.008), but not in 
boys. Finally, there was an improvement in velocity/agility 
in both girls (−2.51 s; 95% CI −3.98 to −1.05; p=0.001) 
and boys (−2.35 s; 95% CI −3.71 to −0.98; p=0.001), 
and in muscular strength in both girls (0.66; 95% CI 0.03 
to 1.28; p=0.038) and boys (1.26; 95% CI 0.03 to 1.28; 
p<0.001).
Conclusion  MOVI-KIDS was not successful in reducing 
the adiposity and maintained BP levels at previous 
healthy values in children. The intervention, however, 
showed significant improvements in cardiorespiratory 
fitness in girls, and muscular strength and velocity/agility 
in boys and girls.
Trial registration number  NCT01971840; Post-
results.

Introduction
The worldwide increasing prevalence of childhood 
obesity is a major public health problem.1 In Castil-
la-La Mancha, approximately one in every four 
children in early years of education is overweight 
(including obesity).2 This overweight prevalence 
is in accordance with data observed in Spain3 and 
other regions of the world.4 The causes of child-
hood obesity have not been adequately established, 
although a decline in daily physical activity is 
widely recognised as one of the main drivers of the 
situation.5 

Weight status and, in general, cardiovascular 
risk factors tend to persist from childhood through 
adolescence into adulthood.6 7 The stability of these 

risk factors over a person's lifetime is known as 
tracking, which might be interpreted as the ability 
of children’s values of cardiovascular risk factors 
to predict risk into adulthood. Moreover, phys-
ical activity patterns and aerobic capacity track 
moderately well from early childhood to middle 
childhood.8

Cardiorespiratory fitness (CRF) and muscle 
fitness are associated with cardiovascular disease 
risk factors in children and adolescents.9 A recent 
meta-analysis reported that school-based physical 
activity interventions improve CRF in children,10 
suggesting that it is possible to improve the cardio-
vascular health of children and adolescents by 
increasing physical activity. Furthermore, muscular 
fitness has been associated with better development 
of bone health and greater insulin sensitivity.9

Accordingly, efforts to halt the current obesity 
crisis should start at young ages, and promotion of 
physical activity should be key to achieving long-
term effectiveness.

Although the need for preventive interventions 
from early ages is not questioned, evidence about 
how they should be implemented is lacking.11 12 
Most systematic reviews11 agree that school-based 
programmes targeted at increasing physical activity 
and preventing obesity should include multicom-
ponent strategies that at least involve children's 
school environment and families. The MOVI inter-
vention (http://www.​movidavida.​org) is based on a 

What are the new findings?

►► Schools are a promising place to implement 
children’s physical activity programmes.

►► Solid evidence about how a school-based 
physical activity intervention should be 
introduced is lacking.

How might it impact on clinical practice in the 
future?

►► MOVI-KIDS, a play-based, non-competitive, 
physical activity intervention achieved 
improvements in cardiorespiratory fitness in 
girls, and muscular strength and motor fitness, 
which includes speed, agility and coordination 
of movements, in both girls and boys.
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social ecological model and consists of (a) a school play-based 
physical activity programme, non-competitive, recreational and 
suitable for all children; (b) parents' and teachers’ involvement 
in promoting active lifestyles in children and (c) interventions 
facilitating physical activity at school.

The aim of this paper is to examine the effectiveness of an 
8-month school-based multicomponent intervention (MOVI-
KIDS) on improving adiposity, physical fitness and blood pres-
sure in 4–7-year-old children.

Methods
Study design and participants
The MOVI-KIDS study was a crossover randomised cluster 
trial, which comprised 1604 school children from 21 schools 
(19 public, two private) located in the provinces of Cuenca and 
Ciudad Real in the Castilla-La Mancha region of Spain. The 
study followed recommendations of the CONSORT statement13 
on cluster randomised trials. In addition, to report the results of 
the MOVI-KIDS study in this paper, the Consensus on Exercise 
Reporting Template (CERT)14 was used.

The study was approved by the clinical research ethics 
committee of Virgen de la Luz Hospital in Cuenca. Approval 
from directors and boards of governors was obtained to enlist 
schools, and all parents of children who were in the third 
preschool grade (4–5 years) and the first grade of primary school 
(aged 6–7 years) were invited to participate. Parents were asked 
to give their written informed consent to allow their child to 
participate in the study; this consent could be revoked by the 
parents or children at any time.15

The MOVI-KIDS intervention
The design of this intervention is based on the social ecolog-
ical model.16 This is a theoretical model of behaviour change, 
in which behaviour is understood as the interaction between 
the physical and social environment. The intervention was 
applied in the intervention group (IG) and implemented in three 
different ways. First, an after-school, play-based and non-com-
petitive physical activity programme, adapted to the children's 
levels of motor competences (4–6 years old). The programme 
comprised three 60 min sessions/week on weekdays, including 
basic sports games, playground games, dance and others activi-
ties focusing on developing motor skills. The intensity of sessions 
was moderate-to-vigorous according to a previous MOVI study 
in which the oxygen consumption (VO2) of the games included 
was measured,17 and all physical activity sessions started with a 
warm-up and finished with a cool-down. Second, parents and 
teachers were involved in the programme promoting active 
lifestyles in children through the use of reinforcement tools as 
teaching material like a refrigerator magnet with recommen-
dations for physical activity for children, answering a satisfac-
tion with the programme questionnaire, and accessing the blog 
(http://​movi3kids.​blogspot.​com.​es/) where questions about how 
to promote active lifestyles were answered. Here parents could 
see their children’s progress and learn how to reinforce healthy 
lifestyles. Third, environmental interventions were introduced 
to encourage children to be more active in the playground. 
These included balance circuits and panels encouraging physical 
activity during recess, and tyres of different colours and sizes 
with posters describing how to use them.

The sessions were designed by two physical activity science 
graduates, and the after-school physical activity sessions were 
delivered by sports instructors, who had received 2 days of 

training in order to standardise the way in which the sessions 
were carried out in all the schools in the study.

Both the IG and control group (CG) continued to receive their 
standard physical education lessons (1 h/week for preschool chil-
dren and 2 h/week for first graders).

The first year of the MOVI-KIDS intervention was conducted 
between October 2013 and May 2014. In the second year 
(October 2014 to May 2015), the CG became the IG and vice-
versa. At the end of the first year, approximately 90 sessions of 
physical activity had been performed in each school.

Study variables and measurements
Measurement procedures have been described extensively else-
where.18 In each school, trained researchers measured the vari-
ables under standardised conditions.

Anthropometry and body composition
The measurement of weight was carried out to the nearest 100 g 
with children in light clothes and barefoot (Seca 861 scales, 
Vogel and Halke, Hamburg, Germany). Height was measured 
using a wall-mounted stadiometer (Seca222, Vogel and Halke) 
with children barefoot, standing against the wall and their chin 
parallel to the floor. Both, weight and height were measured 
twice at a 5 min interval. Body mass index (BMI) was calculated 
as weight in kilograms divided by the square of height in metres. 
Children were classified as underweight, normal weight, over-
weight or obese, according to BMI cut-off values proposed by 
Cole and Lobstein.19 Waist circumference was determined by the 
average of three measurements taken with a flexible tape placed 
at the midpoint between the last rib and the iliac crest at the 
end of a normal expiration. In addition, the waist circumference/
height index was calculated. Fat mass percentage was obtained 
with an eight-electrode Tanita Segmental-418 bioimpedance 
analysis system (TANITA Corporation, Tokyo, Japan). This 
determination was made twice in the morning, with children 
shoeless and fasting, after urination and a 15 min rest.

Blood pressure
Diastolic blood pressure (DBP) and systolic blood pressure (SBP) 
were determined twice at a 5 min interval, after a 5 min resting 
period, using an automatic BP monitor OMROM-M5-I (Omron 
Healthcare Europe BV, Hoofddorp, Netherlands) and three 
different sized cuffs, according to the circumference of the right 
arm, which were placed 2 cm above the elbow flexure at heart 
level with the arm supported and children sitting. Two readings 
were obtained and the mean was used for the analysis.

The mean arterial pressure (MAP) was calculated with the 
following formula: DBP + (0.333 x [SBP−DBP]).

Physical fitness
 Cardiorespiratory fitness (CRF) was evaluated using the Course 
Navette test (20 m shuttle run test), a valid and reliable measure 
of maximal aerobic capacity in children,20 and performed using 
the Léger protocol.21 Velocity/agility was measured using the 
4×10 m shuttle run test. Two attempts were made with an 
interval of 5 min, and only the best attempt was considered. 
Lastly, muscular strength was measured using the standing long 
jump, which measured explosive lower body strength, and for 
this analysis, relative strength [standing long jump (cm)/weight 
(kg)] was used.
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Socioeconomic level
Data for the familiar socioeconomic level were gathered using 
self-reported occupation and education questions answered 
by both the father and mother. An index of socioeconomic 
level was calculated using data on the parent’s education and 
occupation.22

Statistical analyses
The sample size was estimated to show differences between the 
CG and the IG of 2% (α error of 0.05 and statistical power of 

0.80) in BMI at the end of the first year. The estimated sample 
size was 140 children per group; this figure was multiplied by 
an inflation factor for cluster-randomised trials,23 which was 
estimated at 1.13 using measurements from previous studies on 
BMI.24 In order to examine subgroup differences (ie, sex, age or 
socioeconomic level) under the same conditions and estimating 
a 15% dropout rate, the minimum sample size was estimated to 
be 1600 children (800 for each group). Data are described by 
mean (SD) or percentages. Intervention effects were estimated, 
by sex, using mixed linear and logistic regression models, with 

Figure 1  Flow chart of trial participants. CG, control group; IG, intervention group.
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adjustment for baseline outcomes, and with age, socioeconomic 
level, weight status and cluster factor school as covariates. The 
effect estimates for the quantitative outcome variables describe 
the difference between the mean change in the IG and the mean 
change in the CG. The effect estimates for binary outcome vari-
ables were obtained from logistic regression models and are 
presented as odds ratios with 95% CIs. To identify a possible 
clustering effect of data in schools, the intercluster correlation 
coefficient was calculated.25

In addition, two exploratory analyses (not included in the 
registered study protocol) were conducted to assess the effec-
tiveness of MOVI-KIDS intervention by weight status categories 
and by school grade categories (preschooler or school children).

All analyses were performed with Stata version 14.0 (Statacorp, 
College Station, Texas, USA).

Results
Of the 2407 children invited to participate in the MOVI-KIDS 
study, 1604 (66.6%) agreed. Of these, 1434 children including 
719 boys (50.1%) and 715 (49.9%) girls, had valid data for both 
measurements (baseline and at the end of the first year of the 
intervention) (figure 1). These data were used for the analysis. 
No differences in age, sex or BMI between children who had 
valid data and those who did not were found. Descriptive base-
line characteristics (mean±SD) of the study sample are presented 
in table  1. No statistically significant differences were found 
between the intervention and control children for any baseline 
characteristic.

Changes in obesity markers, physical fitness and blood 
pressure parameters
Table 2 presents data on outcomes at baseline and follow-up, as 
well as the adjusted differences, between IG and CG, at the end 
of the first year of the MOVI-KIDS intervention.

No statistically significant changes in overweight/obesity prev-
alence were found in either girls or boys. Similarly, no significant 
changes were seen in the underweight prevalence in either sex.

The same was found for the changes in fat mass percentage, 
waist circumference and BMI in the IG, in both girls and boys. 

The intercluster correlations were <0.11, indicating a low level 
of clustering within the IG and CG.

For the physical fitness parameters, improvements were 
seen in both boys and girls. In boys, compared with controls, 
the time of the velocity/agility test decreased (−2.51 s; 95% CI 
−3.98 to −1.05; p=0.001) while muscular strength increased 
(0.66; 95% CI 0.03 to 1.28; p=0.038). These improvements in 
velocity/agility (−2.35 s; 95% CI −3.71 to −0.98; p=0.001) 
and muscular strength (1.26; 95% CI 0.03 to 1.28; p<0.001) 
were similar in girls. In addition, CRF (assessed by 20 m shuttle 
run test [SRT]) was significantly improved in girls (1.19; 95% CI 
0.31 to 2.08; p=0.008) but not in boys (0.96; 95% IC; −0.13 
to 2.05; p=0.083).

The intervention did not alter BP parameters (SBP, DBP and 
MAP) in either boys or girls.

Subgroup analyses by weight status categories at base-
line (online supplementary table 1) showed similar results in 
adiposity, physical fitness and blood pressure, with better results 
achieved in children of normal weight.

In addition, a subgroup analysis by school grade categories 
(preschool or school children) showed no beneficial changes in 
BP, adiposity or physical fitness parameters (online supplemen-
tary table 2).

Process evaluation
Compliance and satisfaction with the programme
Of 1604 parents who gave written informed consent, 1490 
(92.9%) completed the questionnaire evaluating their children's 
sociodemographic variables. Of 1604 children who agreed to 
participate in the programme, a total of 1434 (89.4%) attended 
both measurements and more than 75% of the physical activity 
sessions (children assistance was recorded daily).

To measure satisfaction with the programme activities, 369 out 
of 504 participating children (73.2%) and 366 (72.6%) of their 
parents completed a questionnaire (online supplementary files 3 
and 4). In this questionnaire, 90.1% of the children stated that 
they liked attending MOVI-KIDS, and felt happy playing with 
their peers who attended the programme. In addition, 93.2% of 
the parents stated that their children had fun with the activities 
developed and 87.1% stated that the programme had improved 
the relationships of their children with classmates.

Adverse outcomes
No injuries or other adverse events occurred during the physical 
activity sessions, or during the health and physical examinations.

Discussion
There is no consistent evidence that physical activity inter-
ventions reduce adiposity or improve physical fitness at early 
ages. Our data show that the MOVI-KIDS intervention did not 
significantly reduce adiposity indexes. However, it significantly 
improved motor and muscular fitness in children aged 4–7 years, 
and CRF (20 m SRT) in girls but not in boys.

Several systematic reviews have examined the effectiveness of 
interventions in preventing overweight and obesity in preschool 
children. Waters et al26 reported a slightly positive effect in a 
meta-analysis including eight studies, in which interventions 
were mostly based on both diet and physical activity. Wang et al12 
reported that school-based physical activity programmes which 
include home and community components are beneficial for 
prevention of childhood obesity. However, evidence provided 
by the latest community-based studies is controversial. The 
Ballabeina study,27 a multidimensional school-based intervention 

Table 1  Characteristics of the study sample

Characteristics

Intervention group Control group

Boys
(n=317)

Girls
(n=302)

Boys
(n=402)

Girls
(n=413)

Age (years) 5.32±0.62 5.38±0.64 5.31±0.59 5.39±0.62

BMI (kg/m2) 15.97±2.46 15.89±2.56 15.85±2.33 15.68±2.37

BMI (z-score) 0.23±1.44 0.16±1.38 0.17±1.39 0.06±1.35

Fat mass (%) 19.84±5.39 20.26±6.74 19.92±4.76 20.15±6.11

Waist circumference (cm) 56.09±6.17 55.65±6.56 55.88±5.72 54.89±5.91

Waist circumference(cm)/
height (cm) index

0.48±0.05 0.48±0.05 0.48±0.04 0.48±0.04

SBP (mm Hg) 102.32±10.24 100.93±9.67 103.01±10.59 101.91±9.9

DBP (mm Hg) 61.57±8.85 62.14±8.75 61.86±7.63 63.39±8.6

MAP (mm Hg) 75.15±8.59 75.06±8.31 75.58±7.9 76.23±8.44

20 m SRT (stages) 1.94±1.5 1.68±1.16 1.71±1.30 1.41±0.96

CRF (VO2max estimate) 49.39±3.37 49.02±3.1 49.37±3.13 48.77±3.07

Velocity/agility (se) 16.78±2.29 17.37±1.90 16.96±2.17 17.55±2.29

Muscular strength (cm/kg) 4.51±1.29 4.52±1.24 4.54±1.27 4.43±1.15

Results are shown as mean±SD.
P values for all comparisons between intervention and control schoolchildren, by sex, 
were >0.056.
BMI, body mass index; CRF, cardiorespiratory fitness.; DBP, diastolic blood pressure; MAP, 
mean arterial pressure; SBP, systolic blood pressure; SRT, shuttle run test.
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in migrant preschool children from Switzerland, decreased mean 
body fat percentage and improved aerobic fitness; however, the 
IDEFICS study,28 a 2-year multicomponent community-oriented 
programme for preventing childhood obesity in preschool chil-
dren, had no effect on indicators of body fatness. However, 
these studies are not entirely comparable to ours, since the 
Ballabeina study specifically targeted a migrant population, and 
the IDEFICS study included a sample of children with a wide age 
range (2–10 years).

Studies testing the effectiveness of physical activity on reducing 
BP are scarce, and their results are controversial. Although an 
improvement in BP levels associated with objectively measured 
regular physical activity has been reported,29 our MOVI-KIDS 
intervention failed to improve BP. In addition, previous MOVI 
interventions,24 30 and others,31 32 have reported no effect on BP. 
Several reasons might explain these negative findings. The first 
is related to difficulties in measuring BP in field trials including 
healthy children. Moreover, similar to a study in which adiposity 

Table 2  Changes in adiposity, fitness and blood pressure from baseline to 8 months' follow-up among intervention versus control schoolchildren, 
by sex

Changes

Baseline After intervention Effect estimate

Intervention 
Group Control Group Intervention Group Control Group Estimate* (95% CI) P value ICC

Boys n=317 n=402 n=317 n=402

 � Adiposity

 � �  Fat mass percentage 19.84±5.68 19.92±5.93 19.67±5.21 19.30±5.21 −0.53 (−2.19 to 1.13) 0.530 0.09

 � �  Waist circumference (cm) 56.09±5.92 55.88±5.92 57.08±6.59 56.93±6.75 1.50 (−0.23 to 3.22) 0.089 0.07

 � �  Ratio waist circumference (cm)/
height (cm)

0.48±0.04 0.48±0.04 0.48±0.05 0.48±0.05 −0.01 (−0.02 to 0.01) 0.422 0.07

 � �  BMI (kg/m2) 15.96±2.39 15.85±2.39 16.10±2.45 16.02±2.45 −0.31 (−0.87 to 0.24) 0.268 0.11

 � �  BMI (z-score) 0.23±1.41 0.17±1.41 0.28±1.43 0.21±1.43 0.06 (−0.30 to 0.42) 0.753 0.13

 � �  % Overweight/obesity 18.93 17.16 19.62 19.15 1.18 (0.98 to 1.45) 0.085 0.00

 � �  % Underweight 18.61 20.65 15.46 16.91 1.12 (0.89 to 1.40) 0.342 0.00

 � Physical fitness

 � �  CRF (VO2 ml/min/kg) 49.85±5.23 49.58±5.66 50.81±5.51 51.19±5.80 0.54 (−4.77 to 5.85) 0.842 0.01

 � �  20 m SRT (stages) 1.94±2.08 1.71±2.30 3.01±2.16 3.00±2.34 0.96 (−0.13 to 2.05) 0.083 0.04

 � �  Velocity/agility† (s) 16.78±3.79 16.96±4.30 15.69±4.10 16.18±4.76 −2.51 (−3.98 to −1.05) 0.001 0.12

 � �  Muscular strength‡ (cm/kg) 4.68±1.63 4.62±1.77 4.61±1.52 4.59±1.64 0.66 (0.03 to 1.28) 0.038 0.01

 � Blood pressure parameters

 � �  SBP (mm Hg) 102.32±27.78 103.01±32.60 104.53±19.86 105.18±22.91 −5.42 (−13.41 to 2.56) 0.183 0.04

 � �  DBP (mm Hg) 61.57±22.68 61.86±26.66 61.32±19.76 61.98±23.16 −5.51 (−12.53 to 1.52) 0.124 0.02

 � �  MAP (mm Hg) 75.15±24.10 75.58±28.40 75.73±19.24 76.38±22.53 −5.51 (−12.02 to 0.99) 0.097 0.03

Girls n=302 n=413 n=302 n=413

 � Adiposity

 � �  Fat mass percentage 20.26±7.60 20.15±8.12 20.52±7.02 20.15±7.29 −0.37 (−2.18 to 1.43) 0.685 0.10

 � �  Waist circumference (cm) 55.65±6.53 54.89±6.68 56.03±6.51 56.06±6.63 1.50 (−0.52 to 3.52) 0.146 0.05

 � �  Ratio waist circumference (cm)/
height (cm)

0.48±0.05 0.48±0.05 0.47±0.05 0.47±0.06 −0.00 (−0.02 to 0.01) 0.229 0.12

 � �  BMI (kg/m2) 15.90±2.48 15.68±2.49 16.06±2.51 15.87±2.51 −0.16 (−0.77 to 0.45) 0.603 0.03

 � �  BMI (z-score) 0.16±1.45 0.06±1.49 0.19±1.35 0.13±1.37 0.23 (−0.09 to 0.55) 0.165 0.07

 � �  % Overweight/obesity 23.18 20.82 22.18 20.10 1.00 (0.83 to 1.21) 0.971 0.02

 � �  % Underweight 19.87 23.49 16.22 19.85 1.18 (0.96 to 1.46) 0.123 0.02

 � Physical fitness

 � �  CRF (VO2 ml/min/kg) 49.43±4.97 48.07±5.91 49.47±5.69 49.21±6.58 2.78 (−1.68 to 7.24) 0.222 0.11

 � �  20 m SRT (stages) 1.68±2.17 1.41±2.53 2.45±2.37 2.21±2.75 1.19 (0.31 to 2.08) 0.008 0.08

 � �  Velocity/agility† (s) 17.36±4.16 17.55±4.82 16.24±4.90 16.78±5.80 −2.35 (−3.71 to −0.98) 0.001 0.17

 � �  Muscular strength‡ (cm/kg) 4.37±1.77 4.33±1.98 4.40±1.68 4.33±1.88 1.26 (0.03 to 1.28) <0.001 0.02

 � Blood pressure parameters

 � �  SBP (mm Hg) 100.93±24.81 101.91±29.33 103.00±20.42 102.30±23.89 −1.09 (−9.05 to 6.87) 0.788 0.05

 � �  DBP (mm Hg) 62.14±25.00 63.39±29.74 62.50±17.57 62.75±20.69 1.29 (−5.94 to 8.51) 0.727 0.02

 � �  MAP (mm Hg) 75.07±24.66 76.23±29.36 76.00±18.16 75.93±21.43 0.45 (−6.19 to 7.10) 0.894 0.05

Data are reported as mean ±SD.
*Effect estimate describes difference between mean change in intervention group and mean change in control group, adjusted by age, gender, socioeconomic level, weight 
status and cluster factor school. For binary outcome variable (% overweight/obesity and % underweight), effect estimate obtained from logistic regression models with same 
adjustments and expressed as OR.
†Lower values indicate better results.
‡Muscular strength reported as long jump test (cm)/weight (kg).
BMI, body mass index; CRF, cardiorespiratory fitness; DBP, diastolic blood pressure; ICC, intercluster correlation coefficient; MAP, mean arterial pressure; SBP, systolic blood 
pressure; SRT, shuttle run test. 
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acted as a mediator in the association between cardiorespiratory 
fitness and BP in preschool children,33 our intervention, although 
improving physical fitness, did not reduce BP, possibly because 
no changes in adiposity occurred. A direct association between 
BP and adiposity indexes has been repeatedly reported.34 35

A Cochrane systematic review by Dobbins et al36 concluded 
that a longer study period is needed in school-based physical 
activity interventions to achieve any effect on CRF. However, 
our intervention failed to improve CRF in boys, even though 
it lasted for one academic year. These gender differences might 
be due to the lower values obtained in the 20 m SRT base-
line measurements in girls, who might therefore show greater 
improvements. Furthermore, the narrow range of values that 
the preschool children showed in the 20 m SRT might suggest 
a lack of sensitivity to CRF changes. In view of the inability to 
find differences between IG and CG, it seems reasonable to 
assume that if the intervention improves the speed/agility test, in 
parallel, CRF also improves in boys.

Strong evidence supports an inverse association between 
muscular fitness and cardiometabolic risk factors.37 38 Our inter-
vention, as did a previous MOVI intervention,30 significantly 
improved muscular strength as measured by standing long jump 
tests. This finding is important because high muscular strength 
has been associated with higher insulin sensitivity and even 
cognition in children and adolescents.39 40

Several interpretations may explain why our intervention did 
not result in the hypothesised outcomes. First, it should be high-
lighted that fitness changes may be the mediator between phys-
ical activity and body composition. Indeed, it seems reasonable 
to expect that positive changes in physical fitness will trigger a 
chain of future physiological and behavioural improvements. An 
additional consideration is related to the social ecological frame-
work underlying our intervention, in which participation from 
different social levels generates dynamics that trigger changes in 
processes whose efficacy cannot be assessed in the short term. 
Finally, because our intervention did not target overweight 
children, but a school-based population in which underweight 
and overweight/obesity rates were similar, a reduced effective-
ness on modifications of body composition is expected. This 
may explain the differences observed between previous MOVI 
interventions24 30 and our study. However, we should not under-
estimate the importance of improvements in physical fitness in 
children, since it has been suggested that small changes in motor 
fitness41 and muscle strength42 are associated with substantial 
improvements in cardiovascular risk factors. Therefore, it seems 
reasonable to continue recommending the introduction of phys-
ical activity interventions in the after-school programme. In 
populations such as ours, in which the obesity crisis is growing, 
these interventions should be targeted at improving cardiovas-
cular health through improvements in physical fitness, since it 
has been consistently shown43 that small improvements in chil-
dren’s fitness are accompanied by significant improvements in 
cardiovascular health.

This study has some strengths that should be highlighted. 
First, this was a recreational, non-competitive intervention suit-
able for all children, except for those with serious disabilities. 
Second, the intervention was carried out under standardised 
conditions, since structured training and a written plan of activi-
ties was developed for each session. Third, the intervention took 
place in schools, so it did not exclude any children by sex, ethnic 
group or physical condition. There was also a high participation 
rate. Fourth, the sustainability, generalisability and reproduc-
ibility of the programme were high, because MOVI-KIDS was 
a simple, standardised and inexpensive intervention, and it did 

not modify the school curriculum. Fifth, our study included only 
objective endpoints with highly rigorous measures, so the inter-
vention was tested more critically than in studies which used 
self-reported endpoints.44

Limitations
There are seven key limitations to our study:
1.	 Although the intervention lasted for 8 months, outcomes 

were assessed immediately after the intervention ended, thus 
a long-term endpoint assessment is needed.

2.	  The results of this study on blood pressure and body compo-
sition were not positive, perhaps because the dose and/or the 
intensity of physical activity were insufficient. Although the 
oxygen consumption in the games included in the interven-
tion has been measured in a previous MOVI intervention 
in prepubertal children,17 the characteristics of intensity of 
games could be age-dependent.

3.	 Anthropometrics, BP and physical fitness measurements 
were not blinded to the intervention allocation; hence, we 
cannot exclude a possible bias in the assessment of effective-
ness. However, it should be noted that our study included 
only objective endpoints with highly reproducible measures, 
so the intervention was tested more rigorously, and weight, 
fat mass percentage, and BP measurements were made with 
automatic digital devices, thereby reducing observer errors.

4.	 It has been suggested that, in children, compulsory interven-
tions are more effective,45 but the high participation rate in 
our study ensured a similar compliance to a mandatory in-
tervention.

5.	 As suggested earlier, because the intervention was designed 
under a social ecological model scheme, some school or com-
munity changes that might have occurred because of our in-
tervention could not reasonably be achieved within this short 
time frame, although such changes would influence chil-
dren’s overall health status and, obviously, adiposity status.

6.	 An important limitation of this study is that physical activ-
ity patterns of the participants were not controlled during 
the intervention. Presumably, the programme was more ef-
fective in less active children. In addition, the daily amount 
and intensity of physical activity was objectively measured by 
accelerometry only in a subsample. The lack of information 
about physical activity patterns, intensity and daily amount 
of activity is another important limitation of this study.

7.	 Another potential limitation is that the prevalence of chil-
dren who were overweight/obese in our study was lower 
than in other European populations, thus the expected effect 
should also be lower.

Conclusions
The MOVI-KIDS, a play-based non-competitive physical 
activity intervention, failed to significantly reduce both 
adiposity indexes and BP levels in children aged 4–7 years. 
However, this intervention significantly improved CRF in 
girls, and muscular strength and motor fitness, which includes 
speed, agility and coordination of movements, in both boys 
and girls. These physical fitness improvements help to prevent 
cardiovascular disease, since they are associated with improve-
ments in cardiometabolic risk factors. Additionally, as fitness 
levels tend to persist from childhood through adolescence to 
adulthood, results from MOVI-KIDS suggest that this type of 
intervention might yield both short- and long-term cardiomet-
abolic benefits.
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