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Review

Resumen

En las últimas décadas, el sobrepeso y obesidad se han convertido en una epidemia mundial que afecta no solo a la población 
adulta sino también a niños y adolescentes. En España la prevalencia alcanza el 46%, con mayor presencia en hombres. Por 
otro lado, en algunos países de América Latina, las tasas se acercan al 50% del sobrepeso y obesidad en niños de 5 a 9 años. 
El exceso de peso afecta negativamente la funcionalidad del niño, causando una baja capacidad para desarrollar habilidades 
motoras básicas como el equilibrio, marcha y salto. Además, el sobrepeso y obesidad en niños se han asociado con un bajo 
repertorio motor, que se traduce en un retraso del desarrollo psicomotor. Estas alteraciones influyen en la poca motivación 
e interés en la actividad física (AF) y en una menor integración en juegos y prácticas deportivas. La AF puede medirse con 
diferentes métodos en niños, siendo los instrumentos más utilizados los podómetros, acelerómetros y cuestionarios de 
autoreporte. La relación entre el nivel de AF y el estado nutricional se comporta de manera inversa, es decir, aquellos con un 
IMC más alto tienen niveles bajos de AF. Esto ocurre principalmente en niños mayores de 7 años, ya que en niños de edades 
más bajas esta relación es inconsistente. Por otro lado, ha sido posible demostrar los efectos negativos de bajo nivel de AF 
en las habilidades motoras y condición física en niños, que se ve agravada por el sobrepeso y obesidad. La práctica regular 
de AF favorece el desarrollo de habilidades motoras en niños con exceso de peso, favoreciendo una participación más activa 
en actividades deportivas. En consecuencia, el desarrollo de programas de intervención eficaces dirigidos específicamente 
a las habilidades motoras y condición física podría ayudar a romper el círculo vicioso de la obesidad y reducir la prevalencia 
de comorbilidades.
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Summary

In recent decades, overweight and obesity have become a global epidemic that affects not only the adult population but also 
children and adolescents. In Spain the prevalence reaches 46%, with a greater presence in men. On the other hand, in some 
countries of Latin America the rates are close to 50% of overweight and obesity in children between 5 and 9 years old. Excess 
weight negatively affects the motor function of a child, causing a low ability to develop basic motor skills such as balance, gait 
and jumping. Also, overweight and obesity in children have been associated with a low motor repertoire, which translates 
into a delay in psychomotor development. These alterations influence the low motivation and interest in physical activity (PA) 
and less integration in games and sports practices. PA can be measured in different methods in children, the most commonly 
used instruments being pedometers, accelerometers and self-report questionnaires. The relationship between the level of 
PA and the nutritional status behaves in an inverse manner, that is, those with a higher BMI have low levels of PA. This occurs 
mainly in children older than 7 years old, since in children of lower ages this relationship is inconsistent. On the other hand, 
it has been possible to demonstrate the negative effects of low PA on motor skills and physical fitness in children, which is 
exacerbated by overweight and obesity in children. The regular performance of PA favours the development of motor skills 
in children with excess weight, favouring a more active participation in sports activities. Consequently, the development of 
effective intervention programs specifically targeting motor skills and physical fitness could help break the vicious circle of 
obesity and reduce the prevalence of comorbidities.
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Introduction

In recent decades, overweight and obesity have become a global 
epidemic that affects not only the adult population but also children 
and adolescents. In 2010, the prevalence of overweight and obesity 
among pre-school children increased by 60% since 1990, affecting 
some 43 million children worldwide1. In the United States of America, 
29% of children and adolescents have excess weight2, while in Spain 
the prevalence reaches 46%, with a greater presence in men3. On the 
other hand, in some countries of Latin America the rates are close to 
50% of overweight and obesity in children between 5 and 9 years old4. 

Excess weight has a negative effect on a child's motor function. 
Studies have described that children who are overweight and obese 
have a low ability to develop basic motor skills such as balance, gait 
and jumping5-8. Also, overweight and obesity in children have been 
associated with a low motor repertoire, which translates into a delay 
in psychomotor development6,9. These changes influence the low 
motivation and interest in physical activity (PA) and less integration in 
games and sports practices6,10. It has been described that the motor 
capacity improves with the regular practice of PA, where the motor 
performance is related to the quantity and diversity of motor proposals 
that are offered to children10. 

For its part, PA plays an important role in the prevention of over-
weight and obesity in childhood and adolescence, and in reducing the 
risk of obesity in adulthood11. Although the levels of PA in adolescents 
have been studied more frequently, those of children have not received 
as much attention12. Currently, the most important official reports on 
PA levels in children have been based on data obtained through ped-
ometers, accelerometers and self-report questionnaires. Many countries 
and organisations have developed PA recommendations for children 
and young people of school age13. With few exceptions, these countries 
and organisations recommend that children and adolescents should 
participate in at least 60 minutes of moderate to vigorous daily PA14,15. It 
has been seen that children who have higher levels of PA have a better 
physical fitness and greater development of motor skills15. Therefore, 
studying the levels of regular PA and its consequences in children has 
become a major challenge in both health and research.

Methodology 

Search strategy

In the period between October 2018 and February 2019, an ex-
haustive search was performed of the scientific literature concerning 
the existing links between the PA level and the nutritional status in 
children. To discover and obtain the academic articles, PubMed, Scopus, 
Sciencedirect, SciELO and Ovid databases were used. 

Combinations of the following key terms were used to search the 
above databases: PA level terms (“physical activity”, “exercise”); Children 
terms (“children”, “child”, “schoolchildren” and “creschool child”); general 
measurement terms (“measures”, “measurement”, “instruments”, “tools”, 
“tests”, “assessment”, “testing”); nutritional status  terms (“obesity”, “pedi-
atric obesity”, “overweight”, “body mass index”); and functional terms: 
(“fitness”, “motor development”, “motor skills”).

Study selection

The articles compiled are in Spanish, English and Portuguese. The 
selection was performed using three filters: 1) The articles taken from 
the database were initially selected for their titles, ruling out publications 
that were clearly not related to the study objective; 2) Next, the abstracts 
were read, selecting the studies that were directly related to the central 
interest of this work, identifying the publications that appeared in more 
than one database. Then the complete texts of the potential articles 
were recovered to be put through the final filter; 3) In this phase a 
critical reading, analysis and assessment was performed on each study, 
to check the methodological truthfulness and quality. Each study was 
assessed independently by at least 3 of the authors. Finally, to develop 
each component of this study, publications with the highest relevance 
and importance were included.

Results

Next the exhaustive review of the literature obtained during the 
search of the consulted databases uncovered a total of 115 potentially 
eligible articles, of which a sample of 39 articles was taken of those in 
which the authors backed up their findings with the best theoretical 
bases, as well as using effective methodology and having greater sci-
entific relevance. 

Instruments to quantify the level of PA in children

Pedometry
Consists of counting the number of steps a subject gives through an 

internal sensor that detects accelerations and decelerations in a single 
direction of movement when taking a step16. In general, it provides a 
measure of the total PA in a given period of time, however it is unable to 
measure intensity, record activities such as cycling and detect increases 
in energy expenditure due to transport of objects or walking and run-
ning on a slope16. Recent studies have summarised the considerations 
for evaluating PA using pedometers in children17-19. These reviews have 
provided recommendations regarding the monitoring periods and 
the time of use of the pedometer. It has been suggested that it takes 
between 4 and 9 days to capture the usual activity in children and 
adolescents19,20. However, compliance decreases with increases in the 
monitoring period; therefore, it is more feasible to opt for 4 full days with 
at least 1 day of the weekend17. A problem related to the monitoring 
of the frame is the time of use of the pedometer. In monitoring stud-
ies, participants are usually asked to record in a diary the time of the 
morning the pedometer was placed, along with any time during the 
day they left. It has been recommended that in the monitoring studies 
the data of a particular day be excluded if a participant reports on the 
elimination of his pedometer for more than 1 hour on that day17,21. It is 
recommended to use from 3 years onwards regardless of their nutritional 
status19,22, however most studies have evaluated children older than 5 
years19. The recommendations establish that children of both genders 
should walk at least 12,000 steps/day to be classified as physically ac-
tive23. In addition, Tudor-Locke et al.24 have proposed different values for 
boys (15,000 steps/day) and girls (12,000 steps/day) in order to prevent 
childhood overweight and obesity, measured by body mass index (BMI).
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Accelerometery

Accelerometers are the most used method to objectively quantify 
PA and have been used in different populations25-27. Accelerometers 
quantify movement over a period of time by measuring the frequency, 
duration, and intensity of the PA, as well as the PA patterns26,27. During the 
last few years there has been a great increase in the number and variety 
of PA monitors commercially available in the market. Accelerometers 
are reasonably reliable and valid measures of PA. Its small size makes 
it a practical and comfortable instrument to wear. Accelerometers can 
provide a comprehensive profile of the behaviour of the PA, describing 
the total amount and intensity of the PA, the when and how the PA 
accumulates, and when periods of inactivity occur28. However, they do 
not provide information on the type of activity and cannot estimate 
whether people are walking with or without a load28. Most appropriate, 
is that the accelerometer is worn for seven consecutive days, since the 
subjects do not follow the same pattern of PA every day. Other authors, 
however, indicate that 5 days is enough, including the weekend. In order 
to analyse the PA record and follow up, most authors agree that subjects 
must fill out a "record sheet" to supplement the data acquired by the 
accelerometers28. The use of accelerometery is a widely accepted form 
of objective monitoring of free-living PA in children with any nutritional 
status and it is recommended to use from 3 years onwards due to its 
simplicity in use, a relatively cheap economic cost and low physical 
load for participants29-32.

Among the most commonly used models of accelerometers as 
PA measurement instruments, are ActiGraph and ActivPal. During the 
last 10 years, ActiGraph accelerometers (AM7164 or CSA, GT1M, GT3X 
and GT3X +) have been used to evaluate PA levels and sedentary 
behaviours at all ages. They are practical and widely used devices that 
measure accelerations (counts) and are generally worn at the waist with 
an adjustable strap. Although these devices are used in many studies, 
they still have some limitations. First, ActiGraph accelerometers do not 
measure posture, but measure PA and time without movement. Because 
these accelerometers use traditional vertical accelerations to define 
sedentary behaviour, the device can reliably detect dynamic events, but 
cannot distinguish between standing and sitting33. As a consequence, 
the periods of sitting and some standing are classified as sedentary 
behaviour33. Some studies classify standing still as a light PA because 
standing is related to the large muscles of the lower part of the body 
and, therefore, a distinction must be made with sedentary behaviour. 
A second limitation of these accelerometers is that several calibration 
studies have defined different cut-off points of the accelerometer to 
estimate time in sedentary behaviour in young children from 3 to 8 years 
old34, therefore, there is no clear consensus in this regard. On the other 
hand, ActivPAL devices are also relatively new accelerometers that are 
used to measure the activity of daily living and sedentary behaviour in 
different age groups. It is a small, single-unit, lightweight PA monitor 
and used at the thigh level. With this accelerometer the position and 
activity of the limbs can be detected, which gives rise to different pos-
tures that will be determined in three different categories depending on 
the inclination of the thigh (sitting/lying down, standing and walking). 
Because accelerometery is not able to discriminate between activities 
when there is no movement (for example, between sitting and standing), 

the inclination and/or rotation of the thigh could indicate the difference 
between sitting and standing35. 

Regarding cut-off points to classify PA levels in children, Riddoch et 
al.36 revealed that 3 METs were equivalent to roughly 1000 counts per 
minute (cpm) among 9-year-old children, establishing it as the cut-off 
score to discriminate active and inactive children. However, Puyau et al.37 
defined physically active children as activity counts above 3200 cpm. 
The lack of standardization regarding how accelerometers are used, 
which outcome measures are used and how the output is interpreted38. 
This limits comparability between studies and the accumulation of 
knowledge relating to children’s activity38.

Self-report questionnaires

PA can be measured objectively by different methods, requiring 
special devices that can be very expensive and impractical for population 
studies in children39. Therefore, subjective methods using questionnaires 
represent a viable tool for studies based on large populations40,41. The 
self-report questionnaire used internationally to estimate the level of 
PA is the Physical Activity Questionnaire for older Children (PAQ-C). This is 
a self-administered questionnaire designed to measure moderate to 
vigorous PA performed in the last 7 days in children and adolescents42,43. 
It consists of ten items, nine of which are used to calculate the level of 
activity and the other item assesses if any illness or other event pre-
vented the child from doing their regular activities in the last week42. 
The administration time of the instrument is around 20 minutes44. The 
overall result of the questionnaire is a score of 1 to 5, so that higher scores 
indicate a higher level of activity. The PAQ-C in its original version has 
shown a good internal consistency, test retest reliability, and has been 
shown to correlate with other instruments that measure PA as the ac-
celerometer45. The recommended ages for the administration of PAQ-C 
range between 8 to 12 years and any nutritional status46. After 12 years 
there are other questionnaires such as Physical Activity Questionnaire for 
adolescents (PAQ-A)44. Due to the nature of children’s activity and chil-
dren’s limited ability for recall, objective techniques are recommended 
for the assessment of their PA in children under 8 years38. For the PAQ-C 
the cut-off point near 2.75 has been suggested to discriminate between 
children with low and high PA levels47. 

Table 1 shows a comparative of the most used instruments to 
measure the level of PA in children. 

Relationship between the level of PA and 
nutritional status in children

Among the main factors that influence the nutritional status of 
children, the level of PA is considered as one of the most determining48,49, 
however, the information available is inconsistent and controversial 
regarding the relationship between the level of PA and nutritional 
status in children. There are studies that indicate that children who 
are overweight and obese have a low level of PA compared to their 
similar normal weight48-54. More active children present lower body 
fat percentage, as well as lower values of the BMI55. Muros et al. (2016), 
reported negative associations between the BMI and the percentage of 
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fat with the level of PA measured through the PAQ-C in schoolchildren 
between 9 and 11 years old, that is, children who performed lower PA 
had a tendency to be overweight and obese48. In this same context, 
the systematic review carried out by Jimenez-Pavon et al. concluded 
that the high levels of PA measured with pedometry and acceler-
ometery showed a protective factor in the development of corporal 
adiposity and childhood obesity49. Compared to non-obese children, 
obese children are less active and participate less in moderate and/
or intense activities, with predominance of low intensity activities56,57. 
However, when it is considered that the chance for an obese child 
to be less active is twice higher than a normal weight children55, this 
reinforces the hypothesis that the nutritional status can determine 
the level of the PA in obese children49, and to make difficult to control 
the excessive body fat. This means that those children are less active 
than the obese ones, rather than being obese simply because they 
are less active. But it is worthy to mention the importance to practice 
physical activities, once active children from early ages are more likely 
to remain active in the adult age55.

On the other hand, there are investigations that indicate that the 
level of PA does not influence the nutritional status in children58-61. Nava 
et al. (2011), evaluated children between 4 and 7 years old through a 
self-report questionnaire and found a significant relationship between 
the level of PA with eating habits, but not with nutritional status, which 
coincides with what was described by other authors62,63. The results 
in this age range are interesting because apparently the influence of 
PA does not manage to impact as strongly as it does in later stages of 
childhood. It has been reported that the first parameter that is modi-
fied with the change of eating habits is PA, and that the affectation of 
anthropometric parameters, such as BMI, manifests itself in prolonged 
periods of behavioural changes62. 

Impact of the low level of PA on motor 
function of children with overweight and 
obese

PA is often assumed to be causally related to motor function, sug-
gesting that the most active individuals usually have a better physical 
fitness and motor ability. However, there are few studies that describe 
the functional consequences of low levels of PA in children. It has been 
seen that children under 12 years are overweight and obese, and also 
with a low level of PA have a lower cardiorespiratory fitness and lower 
levels of force upper and lower body compared to children with high 
levels of PA48.  In this sense, the studies indicate that males have better 
physical fitness than girls in the variables of cardiovascular endurance, 
muscular strength, muscular endurance, speed and power48,64. With 
respect to motor development, it has been reported that children with 
low levels of PA have a poor development of motor skills such as control 
of objects, precision, coordination and postural balance65,66. Also, it has 
been described that children with low levels of PA have less ability in the 
development of motor skills such as walking, running and jumping67-71. 
Burgui et al. (2011), observed weak to moderate associations between 
PA and motor skills (that is, agility and balance) in pre-schoolers72. They 
found that higher baseline PA was associated with beneficial changes in 
motor skills at follow-up. This data suggest that the relationship between 
PA and motor skills is dominated by the impact of PA on motor skills72. 
This would be in accordance with the model of Stodden et al. (2008) 
that assumes that young children's PA might drive their development of 
motor skill competence73. This model suggests that in early childhood 
the relationship between PA and motor skills is still weak, but strengthens 
over time73. It appears plausible to argue that in young children, initial 

Table 1. Comparison of the instruments of measurement of physical activity in children.

Pedometry Accelerometery Self-report questionnaires

Type of measurement Direct Direct Indirect

Economic cost Medium High Low

Evaluation time 4-9 days19,20 5-7 days28 20  minutes44

Recommended ages From 3 years old onwards19,22 From 3 years old onwards31,32 8-12 years of age46

Advantage Portable and objective method that allows 
to evaluate any type of population. In 
children, you do not need to be able to 
understand instructions or remember their 
activities16.

Portable and objective method 
that allows to evaluate any type 
of population. In children, you do 
not need to be able to understand 
instructions or remember their 
activities28.

Recommended for large populations 
for simplicity of application and time 
required for evaluation38,44.

Disadvantage Inability to measure intensity, record counts 
during cycling and record increases in 
energy expenditure due to carrying objects 
or walking/running uphill42. The display 
of the step counter in children can alter 
the measurement (it is recommended to 
‘blind’ children to their scores by sealing the 
pedometers)16,38.

Lack of standardization regarding 
how accelerometers are used, which 
outcome measures are used and 
how the output is interpreted44. This 
limits comparability between studies 
and the accumulation of knowledge 
relating to children’s activity38.

Its use depends on the ability of 
children and parents to remember 
their activities in the last 7 days38.
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high motor skills performance levels per se do not guarantee a more 
active lifestyle, but that there is a need to continuously promote PA 
throughout childhood72.

Fang et al. (2017), indicated that PA was positively associated 
with agility, balance, and aerobic fitness74. Physical fitness among 
normal-weight preschool children was significantly better obese and 
overweight children were less physically active and had lower physical 
fitness than normal-weight children in comparison to their overweight 
counterparts74. Similar results were reported that obese and overweight 
children were less physically active and had lower physical fitness than 
normal-weight children75. Research has noted a gender difference 
in the relationship between fitness and PA level. In boys, it has been 
proposed that a high level of PA has a relationship with body fat, upper 
limb muscular strength, explosive strength, agility and aerobic fitness74. 
For girls, a high level of PA showed associations with balance, agility 
and aerobic fitness74.

A hierarchical order of development of motor skills has been 
proposed that includes four levels: reflexes, fundamental motor skills, 
transitional motor skills and specific skills of the sport76. The progression 
through each level occurs over time as a result of growth, maturation 
and experience. However, failure to achieve optimal competencies in 
basic and transitional motor skills limits the development of PA and, 
consequently, promotes the development of overweight and obesity 
in children69,70,76. Therefore, low levels of PA during childhood combined 
with excess weight contribute to poor physical fitness, and reduce 
confidence in the motor skills of these children to participate in sports 
and PA77. In contrast, the improvement of motor skills has the potential 
to improve children's motivation to participate in PA due to better 
self-esteem and greater fun, which could help break the vicious circle 
of obesity (Figure 1)77,78.

Although several investigations have shown that an PA program 
improves motor skills and physical fitness in children79-84, there are few 
studies that have analysed the effects of PA on motor function, specif-
ically in groups with excess weight. Among the interventions through 
PA in obese children, it has been seen that in 13 weeks, with sessions 
of 3 times per week, the motor skills improved, specifically, precision 
skills, manual dexterity, coordination and balance85. While other authors 
have proposed that intervention programs between 8 and 9 months 
(2-3 times per week) improve motor skills such as walking, running and 
jumping in children with overweight and obesity86-88. Consequently, 
PA can positively impact the motor function of overweight and obese 
children, helping to reduce the presence of comorbidities89.

Conclusions

PA can be measured in different methods in children, the most 
commonly used instruments being pedometers, accelerometers 
and self-report questionnaires. Due to their portability, objectivity in 
measurement and consensus on cut-off scores to classify PA levels, pe-
dometers seem to be the most recommended measurement method 
in children of all ages. Although acceleremotres are an alternative that 
delivers a greater number of variables, in children there is little consen-
sus regarding cut-off scores to determine the PA level. For its part, the 
self-report questionnaires are the most economical and simple alter-
native, in children under 8 years of age their use is not recommended.

The relationship between the level of PA and the nutritional status 
behaves in an inverse manner, that is, those with a higher BMI have 
low PA levels. This occurs mainly in children older than 7 years, since 
in children of lower ages this relationship is inconsistent. On the other 
hand, it has been possible to demonstrate the negative effects of low 
PA on motor skills and physical fitness in children, which is exacerbated 
by overweight and obesity in children. The regular performance of PA 
favours the development of motor skills in children with excess weight, 
favouring a more active participation in sports activities. Consequently, 
the development of effective intervention programs specifically target-
ing motor skills and physical fitness could help break the vicious circle 
of obesity and reduce the prevalence of comorbidities.

Conflict of interest 

The authors do not declare a conflict of interest.

References
	 1.	 De Onis M, Blossner M, Borghi E. Global prevalence and trends of overweight and 

obesity among preschool children. Am J Clin Nutr. 2010;92:1257-64.

	 2.	 Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, 
and national prevalence of overweight and obesity in children and adults during 
1980-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 
2014;384:766-81.

	 3.	 Sanchez-Cruz JJ, Jimenez-Moleon JJ, Fernandez-Quesada F, Sanchez MJ. Prevalence 
of child and youth obesity in Spain in 2012. Rev Esp Cardiol. 2013;66:371-6.

	 4.	 Tobarra SE, Castro OÓ, Badilla CR. Estado nutricional y características socioepidemio-
lógicas de escolares chilenos, OMS 2007. Rev Chil Pediatr. 2015;86:12-7.

	 5.	 King AC, Challis JH, Bartok C, Costigan FA, Newell KM. Obesity, mechanical and strength 
relationships to postural control in adolescence. Gait Posture. 2012;35:261-5.

Figure 1. Functional consequences of the low level of PA and its 
relationship with childhood overweight and obesity.

Low PA level Overweight/ Obesity 
Childhood

 Functional consequences

Lower physical 
fitness: aerobic 

ability and  
strength levels

Poor motor skills 
development: 

manual dexterity, 
precision and 
coordination

Difficulty in motor 
skills development: 
walking, running, 

jumping and balance



Eduardo Guzmán-Muñoz, et al.

202 Arch Med Deporte 2020;37(3):197-203

	 6.	 Cigarroa I, Sarqui C, Zapata-Lamana R. Effects of physical inactivity and obesity in 
psychomotor development in children: A review of Latin American news. Univ Salud 
2016;18:156-69.

	 7.	 Guzmán-Muñoz E, Sazo-Rodríguez S, Valdés-Badilla P, Méndez-Rebolledo G, Concha-
Cisternas Y, Castillo-Retamal M. Valoración del control postural en niños con sobrepeso 
y obesidad. Nutr Clín Diet Hosp. 2017;37:83-8.

	 8.	 Guzman-Munoz E, Valdes-Badilla P, Concha-Cisternas Y, Mendez-Rebolledo G, Sazo-
Rodriguez S. Influence of nutritional status on postural balance in children: a pilot 
study. Rev Esp Nutr Hum Diet. 2017;21:49-54.

	 9.	 Cheng J, East P, Blanco E, Sim EK, Castillo M, Lozoff B, et al. Obesity leads to declines in 
motor skills across childhood. Child Care Health. 2016;42:343-50.

	 10.	 Bucco-dos Santos L, Zubiaur-González M. Desarrollo de las habilidades motoras 
fundamentales en función del sexo y del índice de masa corporal en escolares. Cuad 
Psicol Deporte. 2013;13:63-72.

	 11.	 Dehghan M, Akhtar-Danesh N, Merchant AT. Childhood obesity, prevalence and 
prevention. Nutr J. 2005;4:1.

	 12.	 Anderson SE, Economos CD, Must A. Active play and screen time in US children aged 
4 to 11 years in relation to sociodemographic and weight status characteristics: a 
nationally representative cross-sectional analysis. Bmc Public Health. 2008;8:366.

	 13.	 Janssen I. Physical activity guidelines for children and youth. Can J Public Health. 
2007;98S:109-21.

	 14.	 Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity and 
fitness in school-aged children and youth. Int J Behav Nutr Phys Act. 2010;7:40.

	 15.	 Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al. Systematic 
review of the relationships between objectively measured physical activity and health 
indicators in school-aged children and youth. Appl Physiol Nutr Metab. 2016;41(6 Suppl 
3):S197-239.

	 16.	 Lubans DR, Plotnikoff RC, Miller A, Scott JJ, Thompson D, Tudor-Locke C. Using pedo-
meters for measuring and increasing physical activity in children and adolescents: the 
next step. Am J Lifestyle Med. 2015;9:418-27.

	 17.	 Tudor-Locke C, McClain JJ, Hart TL, Sisson SB, Washington TL. Pedometry methods for 
assessing free-living youth. Res Q Exerc Sport. 2009;80(2):175-84.

	 18.	 Rowlands AV, Eston RG, Ingledew DK. Relationship between activity levels, aerobic 
fitness, and body fat in 8- to 10-yr-old children. J Appl Physiol. 1999;86:1428-35.

	 19.	 Clemes SA, Biddle SJH. The use of pedometers for monitoring physical activity in chil-
dren and adolescents: Measurement considerations. J Phys Act Health. 2013;10:249-62.

	 20.	 Lubans DR, Morgan PJ, Tudor-Locke C. A systematic review of studies using pedometers 
to promote physical activity among youth. Prev Med. 2009;48:307-15.

	 21.	 Tudor-Locke C, McClain JJ, Hart TL, Sisson SB, Washington TL. Expected values for 
pedometer-determined physical activity in youth. Res Q Exerc Sport. 2009;80:164-74.

	 22.	 Otiver M, Schofield GM, Kolt GS, Schluter PJ. Pedometer accuracy in physical activity 
assessment of preschool children. J Sci Med Sport. 2007;10:303-10.

	 23.	 Colley RC, Janssen I, Tremblay MS. Daily step target to measure adherence to physical 
activity guidelines in children. Med Sci Sports Exerc. 2012;44:977-82.

	 24.	 Tudor-Locke C, Pangrazi RP, Corbin CB, Rutherford WJ, Vincent SD, Raustorp A, et al. 
BMI-referenced standards for recommended pedometer-determined steps/day in 
children. Prev. Med. 2004;38:857-64.

	 25. 	 Aznar S, Naylor PJ, Silva P, Perez M, Angulo T, Laguna M, et al. Patterns of physical activity 
in Spanish children: a descriptive pilot study. Child Care Health Dev. 2011;37:322-8.

	 26.	 Aguilar-Farias N, Martino-Fuentealba P, Espinoza-Silva M. Objectively measured physical 
activity and sedentary behaviour patterns in Chilean pre-school children. Nutr Hosp. 
2015;32:2606-12.

	 27.	 Aguilar-Farias N, Brown WJ, Peeters G. ActiGraph GT3X+cut-points for identifying 
sedentary behaviour in older adults in free-living environments. J Sci Med Sport. 
2014;17:293-9.

	 28.	 Aparicio-Ugarriza R, Aznar S, Mielgoayuso J, Benito PJ, Pedrero-Chamizo R, Ara I, et 
al. Estimación de la actividad física en población general: métodos instrumentales y 
nuevas tecnologías. Rev Esp Nutr Comunitaria. 2015;21(Supl 1):215-24.

	 29.	 Chen KY, Bassett DR. The technology of accelerometry-based activity monitors: Current 
and future. Med Sci Sports Exerc. 2005;37:S490-S500.

	 30.	 Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in 
the United States measured by accelerometer. Med Sci Sports Exerc. 2008;40:181-8.

	 31.	 Pate RR, O'Neill JR, Mitchell J. Measurement of physical activity in preschool children. 
Med Sci Sports Exerc. 2010;42:508-12.

	 32.	 Bornstein DB, Beets MW, Byun W, McIver K. Accelerometer-derived physical activity 
levels of preschoolers: A meta-analysis. J Sci Med Sport. 2011;14:504-11.

	 33.	 Cliff DP, Reilly JJ, Okely AD. Methodological considerations in using accelerometers to 
assess habitual physical activity in children aged 0-5 years. J Sci Med Sport. 2009;12:557-
67.

	 34.	 Van Cauwenberghe E, Labarque V, Trost SG, De Bourdeaudhuij I, Cardon G. Calibration 
and comparison of accelerometer cut points in preschool children. Int J Pediatr Obes. 
2011;6:E582-E9.

	 35.	 Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation of wea-
rable monitors for assessing sedentary behavior. Med Sci Sports Exerc. 2011;43:1561-7.

	 36.	 Riddoch CJ, Andersen LB, Wedderkopp N, Harro M, Klasson-Heggebo L, Sardinha LB, 
et al. Physical activity levels and patterns of 9-and 15-yr-old European children. Med 
Sci Sports Exerc. 2004;36:86-92.

	 37.	 Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and calibration of physical activity 
monitors in children. Obes. Res. 2002;10:150-7.

	 38.	 Rowlands AV, Eston RG. The measurement and interpretation of children's physical 
activity. J Sport Sci Med. 2007;6:270-6.

	 39.	 Barbosa N, Sanchez CE, Vera JA, Perez W, Thalabard JC, Rieu M. A physical activity 
questionnaire: Reproducibility and validity. J Sports Sci Med. 2007;6:505-18.

	 40.	 Janz KF, Lutuchy EM, Wenthe P, Levy SM. Measuring activity in children and adolescents 
using self-report: PAQ-C and PAQ-A. Med Sci Sports Exerc. 2008;40:767-72.

	 41.	 Herazo-Beltrán AY, Domínguez-Anaya R. Confiabilidad del cuestionario de actividad 
física en niños colombianos. Rev Salud Pública. 2012;14:802-9.

	 42.	 Manchola-Gonzalez J, Bagur-Calafat C, Girabent-Farres M. Reliability of the spanish 
version of questionnaire of physical activity PAQ-C. Rev Int Med Cienc Ac. 2017;17:139-52.

	 43.	 Crocker PRE, Bailey DA, Faulkner RA, Kowalski KC, McGrath R. Measuring general levels 
of physical activity: Preliminary evidence for the physical activity questionnaire for 
older children. Med Sci Sports Exerc. 1997;29:1344-9.

	 44.	 Biddle SJH, Gorely T, Pearson N, Bull FC. An assessment of self-reported physical activity 
instruments in young people for population surveillance: Project ALPHA. J. Behav. Nutr. 
Phys. Act. 2011;8:9.

	 45.	 Chinapaw MJM, Mokkink LB, van Poppel MNM, van Mechelen W, Terwee CB. Physical 
activity questionnaires for youth. A systematic review of measurement properties. 
Sports Med. 2010;40:539-63.

	 46.	 Kowalski KC, Crocker PRE, Faulkner RA. Validation of the physical activity questionnaire 
for older children. Pediatr Exerc Sci. 1997;9:174-86.

	 47.	 Benitez-Porres J, Ramon Alvero-Cruz J, Sardinha LB, Lopez-Fernandez I, Carnero EA. 
Cut-off values for classifying active children and adolescents using the Physical Activity 
Questionnaire: PAQ-C and PAQ-A. Nutr Hosp. 2016;33:1036-44.

	 48.	 Muros JJ, Cofre-Bolados C, Zurita-Ortega F, Castro-Sanchez M, Linares-Manrique 
M, Chacon-Cuberos R. Relationship between physical fitness, physical activity, and 
different anthropometric parameters in school children in Santiago (Chile). Nutr Hosp. 
2016;33:314-8.

	 49.	 Jimenez-Pavon D, Kelly J, Reilly JJ. Associations between objectively measured habitual 
physical activity and adiposity in children and adolescents: Systematic review. Int J 
Pediatr Obes. 2010;5:3-18.

	 50.	 MacMillan N, Rodriguez F, Paez J. Nutritional status, feeding behavior and physical 
activity of first grade school children from Chilean Easter Island in the last decade. 
Rev Chil Nutr. 2016;43:375-80.

	 51.	 Olivares C S, Bustos Z N, Moreno H X, Lera M L, Cortez F S. Food and physical activity 
attitudes and practices in obese children and their mothers in Santiago, Chile. Rev Chil 
Nutr. 2006;33:170-9.

	 52.	 Lioret S, Maire B, Volatier JL, Charles MA. Child overweight in France and its relationship 
with physical activity, sedentary behaviour and socioeconomic status. Eur J Clin Nutr. 
2007;61:509-16.

	 53.	 Must A, Tybor DJ. Physical activity and sedentary behavior: a review of longitudinal 
studies of weight and adiposity in youth. Int J Obes. 2005;29:S84-S96.

	 54.	 Anderson YC, Wynter LE, Grant CC, Stewart JM, Cave TL, Wild CK, et al. Physical activity 
is low in obese New Zealand children and adolescents. Scie Rep. 2017;7.

	 55.	 Baruki SBS, Rosado LEFPdL, Rosado GP, Ribeiro RdCL. Associação entre estado nutri-
cional e atividade física em escolares da Rede Municipal de Ensino em Corumbá - MS. 
Rev Bras Med Esporte. 2006;12:90-4.

	 56.	 Trost SG, Kerr LM, Ward DS, Pate RR. Physical activity and determinants of physical 
activity in obese and non-obese children. Int J Obes. 2001;25:822-9.

	 57.	 Lazzer S, Boirie Y, Bitar A, Montaurier C, Vernet J, Meyer M, et al. Assessment of energy 
expenditure associated with physical activities in free-living obese and nonobese 
adolescents. Am J Clin Nutr. 2003;78:471-9.

	 58.	 Nava B MC, Pérez G A, Herrera HA, Hernández H RA. Anthropometric-nutritional 
assessment, dietary habits and physical activity in preschool children. Rev Chil Nutr  
2011;38:301-12.



Methods for measuring physical activity in children and their relationship with nutritional status: a narrative review

203Arch Med Deporte 2020;37(3):197-203

	 59.	 Trejo PM, Jasso S, Mollinedo FE, Lugo LG. Relación entre actividad física y obesidad en 
escolares. Rev Cubana Med Gen Integr. 2012;28:34-41.

	 60.	 Sanchez PH, Alonso JD, Sevillano PL, Gonzalez MDE, Valle MI, Lopez GM, et al. Prevalence 
of obesity and overweight in adolescents from Canary Islands, Spain. Relationship with 
breakfast and physical activity. Med Clin. 2008;130:606-10.

	 61.	 Yulia C, Khomsan A, Sukandar D, Riyadi H. nutritional status, physical activity, and 
sedentary activity of school children in urban area, West Java, Indonesia. Jurnal Gizi 
Dan Pangan. 2018;13:123-30.

	 62.	 Fanjiang G, Kleinman RE. Nutrition and performance in children. Curr Opin Clin Nutr 
Metab Care. 2007;10:342-7.

	 63.	 Vásquez V F, Cardona H O, Andrade S M, Salazar R G. Energy balance, body composi-
tion and physical activity in eutrophic and obese preschool children. Rev Chil Pediatr. 
2005;76:266-74.

	 64.	 Lopes VP, Rodrigues LP, Maia JAR, Malina RM. Motor coordination as predictor of physical 
activity in childhood. Scand J Med Sci Sports. 2011;21:663-9.

	 65.	 Utesch T, Dreiskaemper D, Naul R, Geukes K. Understanding physical (in-) activity, 
overweight, and obesity in childhood: Effects of congruence between physical self-
concept and motor competence. Scie Rep. 2018;8.

	 66.	 DuBose KD, McMillan AG, Wood AP, Sisson SB. Joint relationship between physical 
activity, weight status, and motor skills in children aged 3 to 10 years. Percept Mot 
Skills. 2018;125:478-92.

	 67.	 Laukkanen A, Pesola A, Havu M, Saakslahti A, Finni T. Relationship between habitual 
physical activity and gross motor skills is multifaceted in 5-to 8-year- old children. 
Scand J Med Sci Sports. 2014;24:102-10.

	 68.	 Holfelder B, Schott N. Relationship of fundamental movement skills and physical activity 
in children and adolescents: A systematic review. J Sport Exerc Psychol. 2014;15:382-91.

	 69.	 Logan SW, Kipling Webster E, Getchell N, Pfeiffer KA, Robinson LE. Relationship bet-
ween fundamental motor skill competence and physical activity during childhood 
and adolescence: A systematic review. Kinesiol Rev. 2015;4:416-26.

	 70.	 Williams HG, Pfeiffer KA, O'Neill JR, Dowda M, McIver KL, Brown WH, et al. Motor skill 
performance and physical activity in preschool children. Obesity. 2008;16:1421-6.

	 71.	 Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA. The relationship between 
motor proficiency and physical activity in children. Pediatrics. 2006;118:E1758-E65.

	 72.	 Burgi F, Meyer U, Granacher U, Schindler C, Marques-Vidal P, Kriemler S, et al. Relationship 
of physical activity with motor skills, aerobic fitness and body fat in preschool children: 
a cross-sectional and longitudinal study (Ballabeina). Int J Obes. 2011;35:937-44.

	 73.	 Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME, Garcia C, et al. A 
developmental perspective on the role of motor skill competence in physical activity: 
An emergent relationship. Quest. 2008;60:290-306.

	 74.	 Fang H, Quan MH, Zhou T, Sun SL, Zhang JY, Zhang HB, et al. Relationship between 
physical activity and physical fitness in preschool children: A cross-sectional study. 
Biomed Res Int. 2017:8.

	 75.	 Raistenskis J, Sidlauskiene A, Strukcinskiene B, Baysal SU, Buckus R. Physical activity 
and physical fitness in obese, overweight, and normal-weight children. Turk J Med Sci.  
2016;46:443-50.

	 76.	 Seefeldt V. Developmental motor patterns: Implications for elementary school physical 
education. Psychol Motor Behav Sport. 1980;36:314-23.

	 77.	 Hills AP, Andersen LB, Byrne NM. Physical activity and obesity in children. Br J Sports 
Med. 2011;45:866-70.

	 78.	 Loprinzi PD, Davis RE, Fu Y-C. Early motor skill competence as a mediator of child and 
adult physical activity. Prev Med Rep. 2015;2:833-8.

	 79.	 Ericsson I, Karlsson MK. Motor skills and school performance in children with daily 
physical education in school - a 9-year intervention study. Scand J Med Sci Sports. 
2014;24:273-8.

	 80.	 Reilly JJ, Kelly L, Montgomery C, Williamson A, Fisher A, McColl JH, et al. Physical ac-
tivity to prevent obesity in young children: cluster randomised controlled trial. BMJ. 
2006;333:1041-3.

	 81.	 Vernadakis N, Papastergiou M, Zetou E, Antoniou P. The impact of an exergame-based 
intervention on children's fundamental motor skills. Comput Educ. 2015;83:90-102.

	 82.	 Zeng N, Ayyub M, Sun HC, Wen X, Xiang P, Gao Z. Effects of physical activity on motor 
skills and cognitive development in early childhood: A Systematic review. Biomed Res 
Int. 2017:1-13.

	 83.	 Monsalves-Alvarez M, Castro-Sepulveda M, Zapata-Lamana R, Rosales-Soto G, Salazar 
G. Motor skills and nutritional status outcomes from a physical activity intervention in 
short breaks on preschool children conducted by their educators: a pilot study. Nutr 
Hosp. 2015;32:1576-81.

	 84.	 Larsen KT, Huang T, Larsen LR, Olesen LG, Andersen LB, Moller NC. The effect of a 
multi-component camp-based weight-loss program on children's motor skills and 
physical fitness: a randomized controlled trial. BMC Pediatr. 2016;16:91-9.

	 85.	 Pienaar A, Du Toit D, Truter L. Improved motor proficiency in 9- to 12-year-old obese 
children after participating in a multidisciplinary physical activity intervention. J Sports 
Med Phys Fit. 2013:415-27.

	 86.	 Morano M, Colella D, Rutigliano I, Fiore P, Pettoello-Mantovani M, Campanozzi A. A 
multi-modal training programme to improve physical activity, physical fitness and 
perceived physical ability in obese children. J Sports Sci. 2014;32:345-53.

	 87.	 Morano M, Colella D, Rutigliano I, Fiore P, Pettoello-Mantovani M, Campanozzi A. Chan-
ges in actual and perceived physical abilities in clinically obese children: A 9-month 
multi-component intervention study. Plos One. 2012;7:1-8.

	 88.	 Sola K, Brekke N, Brekke M. An activity-based intervention for obese and physically 
inactive children organized in primary care: feasibility and impact on fitness and BMI 
A one-year follow-up study. Scand J Prim Health Care. 2010;28:199-204.

	 89.	 Han A, Fu A, Cobley S, Sanders RH. Effectiveness of exercise intervention on improving 
fundamental movement skills and motor coordination in overweight/obese children 
and adolescents: A systematic review. J Sci Med Sport. 2018;21:89-102.


