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Abstract

:

The possible adverse health effects of reduced physical activity (PA) on children and adolescents have been extensively documented as a result of the global obesity epidemic. However, the research has sometimes led to controversial results, due to the different methods used for the assessment of PA. The main aim of this review was to evaluate the association between PA and body composition parameters based on quantitative PA studies using the same equipment (Actigraph accelerometer) and cutoffs (Evenson’s). A literature review was undertaken using PUBMED and Scopus databases. Subjects aged 6–15 were considered separately by sex. Weighted multiple regression analyses were conducted. From the analysis of fourteen selected articles, it emerged that 35.7% did not evaluate the association of sedentary time (ST) and moderate-to-vigorous physical activity (MVPA) with body composition, while the remaining 64.3% found a negative association of MVPA with BMI and fat mass with different trends according to sex. Furthermore, only 7.1% of these studies identified a positive association between ST and fat percentage. Based on the regression analyses conducted on the literature data, ST and MVPA were found to be significant predictors of body composition parameters, in addition to age and sex. Further studies using standardized methodologies to assess PA and body composition are needed. The inclusion of sex-disaggregated data may also be crucial to understand this phenomenon and to provide stronger evidence of the determinants of body composition in order to prevent the risk of obesity.
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1. Introduction


The contribution of physical activity (PA) to a healthy lifestyle for children and adults is well known [1,2]. The prevention of overweight and obesity is one of the main benefits of PA in both children and adolescents. The role played by the PA should be well understood, considering that obesity prevalence has risen worldwide, even in rural areas [3,4]. In fact, previous studies have shown inconsistent results regarding the association between PA and adiposity or body mass index (BMI): increased activity is associated with a lower BMI [5,6], although PA interventions so far seem ineffective in improving the body mass index or body composition of children [7,8]. One possible explanation is that such interventions do not increase children’s activity enough to affect adiposity.



According to Wilks et al. [9], PA would not be a major predictive factor for the changing of adiposity among children and adolescents. This is in contrast to the results of Kwon et al. [10], which are based on accelerometry data (moderate-to-vigorous physical activity (MVPA)) and accurate adiposity indicators (fat percentage (%F) and fat mass index) in a longitudinal sample. This latest study concluded that maintaining 45 min of accelerometry-measured daily MVPA throughout childhood and adolescence constitutes an active lifestyle to prevent obesity in young adulthood. Confirming these outcomes, greater values of MVPA (assessed by accelerometry) were associated with a lower risk of obesity in children aged 9–11 years in the study by Katzmarzyk et al. [11]. Differences in PA measurements and adiposity indicators likely contributed to such inconsistent results [9,12], hampering the comparisons of studies.



The definition of PA intensity is complex and confusing due to the different approaches used to evaluate it [13]. Many previous studies are based on the assessment of PA through questionnaires; these represent a weak substitute for objectively measured PA [14]. An overview of different PA assessment techniques can be found in McClung et al. [13]. In this review, we intend to focus on quantitative assessments and in particular on accelerometry.



The accelerometer measures the acceleration of the body, providing an objective assessment of PA intensity and total body movement (counts·min−1) [15]. This device enables a large amount of data to be collected, but it has some limitations.



Considering the data from the literature, particular caution is needed as significant differences have been found between results obtained using different accelerometer brands [16]. Among the various accelerometers currently available, Actigraph (Pensacola, FL, USA) is one of the most widely used; the majority of experimental studies on PA and sedentary time (ST) use this type of accelerometer, with different types of signals (uniaxial or triaxial) [17]. Differences between uniaxial and triaxial accelerometry assessments are deemed negligible when applied to monitor daily routine, but not in specific sports [18,19,20].



In addition to the possible different outcomes from different brands of devices, there are also those related to the different cutoff points used to define the levels of PA. Trost et al. [15] assessed the classification accuracy of five different sets of cutpoints [21,22,23,24,25] for the Actigraph accelerometer for children and adolescents, concluding that the Evenson et al. [25] cutoff points are “the best overall performer across all intensity levels”. In particular, an ST cutpoint of 100 cpm showed excellent classification accuracy, as did a cutpoint of ≥2296 cpm for moderate-to-vigorous physical activity (MVPA), proposed by Evenson et al. [25].



A further element of confusion is that many studies, even recent ones, evaluate the association of PA with body composition in mixed-sex samples. It is known that boys spend more time in MVPA than girls [26], and girls show a greater amount of fat than boys even during pre-puberty, with increasing differences in fat mass (FM) and fat-free-mass (FFM) during puberty [27,28].



In consideration of the inconsistent and contradictory results for the association between PA and body composition parameters in children and adolescents, we collected only the studies using: (i) a homogeneous methodology to evaluate PA objectively, using in particular the Actigraph accelerometer and PA levels according to Evenson et al. cutoffs; (ii) data of PA and body composition parameters reported separately by sex. Through this strategy, we provided evidence on this topic based both on the existing literature, summarising the most relevant information, and on the results of statistical analyses carried out on the data collected by the selected studies. Therefore, this study supplies an overview of studies from literature investigating PA levels and body composition parameters during childhood and adolescence, on the other. In addition, it assesses the importance of sex, age, ST and MVPA as determinants of BMI, %F, and fat free mass index (FFMI).



This study hence provides a contribution to the current knowledge, giving useful insights into how PA and body composition relate to one another and how to develop future research strategies.




2. Materials and Methods


2.1. Searching Strategy


This is a scoping review [29] of existing studies involving PA and body composition in school-aged children and adolescents. This review was carried out in accordance with PRISMA guidelines [30,31] (Figure 1). The articles published between January 2010 and January 2020 were systematically searched on PUBMED/MEDLINE and Scopus.



The search strategy used all the combinations with the following words: (“accelerometer” OR “Actigraph”) AND (“body composition” OR “adiposity” OR “fat mass” OR “fatness” OR “fat free mass”).



Two reviewers (E.G.-R. and N.R.) selected the relevant studies separately based on the titles and abstracts. Then, all the authors independently reviewed the full text of the selected studies to decide on their final suitability according to the inclusion and exclusion criteria. The references of selected studies were reviewed to search for further studies to be included in this research.



The following information was collected from each included article: authors, year of publication, study name (if present) and design, sample size, mean age and country of subjects included in the study, ST, MVPA and anthropometric parameters (stature, weight, BMI, %F, FM, FFM and FFMI).




2.2. Criteria for Inclusion and Exclusion


Articles were selected through database searches using the following inclusion criteria: (1) PA intensity detected with an Actigraph accelerometer; (2) classification of PA intensity by cutoffs in accordance with Evenson et al. [25]; (3) mean age of the sample in the 6–15 year range; (4) the minimum variables required to enter into the review were ST, MVPA, %F and FFM; (5) data were reported separately by sex. The BMI and FFMI values within the baseline characteristics of participants were deemed important, but not decisive. If some of these characters were not reported, the study was nevertheless included when missing data could be obtained by calculation from the other data reported by the authors (e.g., MVPA = moderate PA (MPA) + vigorous PA (VPA); %F = (FM/weight) * 100; etc.).



In addition, we included longitudinal studies collecting only baseline data. When they did not include the chosen variables or the age of the participants was out of the chosen range, we selected the first useful data from subsequent surveys.



In the case of several articles referring to subsamples taken from the same main study, we chose the most informative one on the basis of included variables and, as the next criterion, the study with the largest subsample size.



Exclusion criteria were the following: (1) studies not published in English; (2) studies using only pedometer/step counters; (3) studies carried out on subjects suffering from medical pathologies; (4) studies conducted on athletes or subjects examined for accelerometry during motor exercises or performance tests; (5) studies reporting results from mixed-sex samples; (6) studies concerning preschool children, adults or the elderly. Reviews, editorials, and study protocols were excluded. Some articles were not included for more than one reason. Figure 1 shows the main reasons; a mixed-sex data presentation was the most frequent additional reason.




2.3. Examined Variables


First, we chose ST, namely the time spent in sedentary behaviour, and MVPA, a category of activity intensity. ST and MVPA (or, when missing, moderate physical activity (MPA) and vigorous physical activity (VPA)), were objectively determined by an Actigraph accelerometer for several consecutive days using specific cutoff points (ST ≤ 100 cpm, MVPA ≥ 2296 cpm or MPA = 2296–4011 cpm and VPA ≥ 4012 cpm) [15,25]. ST and PA were reported as ST and MVPA (or MPA and VPA) per day (min/day).



Among the anthropometric characters and indices, we collected data on stature, weight, BMI, %F, FM, FFM and FFMI. The BMI was determined as follows: weight (kg)/stature squared (m2). FFMI was determined as follows: FFM (kg)/stature squared (m2).



Four methods were used to assess the body composition parameters in the eligible studies: anthropometry (%F was estimated by skinfolds through specific equations); bio-impedance analysis (BIA); dual energy X-ray absorptiometry (DXA) (total body fat mass was derived from the DXA scan images); deuterium dilution method (DLW). The evaluation method used in the analysed studies is given in Table 1.




2.4. Statistical Analysis


From the 14 studies examined, we collected the outcomes relative to 6558 apparently healthy subjects (3179 males, 3379 females), which were used for statistical purposes.



To test the association between a single continuous dependent variable (BMI or %F or FFMI) and several independent variables (sex, age, ST and MVPA), multiple linear regression models were used. The “weight” option to adjust the contribution of each study in proportion to their sample size to the outcome of the multiple regression was applied in this analysis. Multicollinearity between variables was assessed through variance inflation factors (VIFs), with values less than 10 considered acceptable [45].



All statistical analyses were carried out using STATISTICA for Windows (version 11.0, StatSoft, Tulsa, OK, USA). The level of significance was set at p ≤ 0.05.





3. Results


3.1. Description of Included Studies


A total of 2604 records were identified: 2584 through database searches and 20 additional records by reference list searches. After removing duplicates, 576 records were screened; 262 were excluded by reading titles and abstracts, so the full text of 314 articles was assessed for eligibility. 300 articles were removed according to inclusion and exclusion criteria, leading to the inclusion of 14 original studies. Figure 1 shows a flowchart of the process of selecting articles.



Table 1 shows study design, type of accelerometer used to assess PA, and association of MVPA or ST with body composition parameters. Five out of fourteen studies did not analyse the association between MVPA and ST with body composition parameters this [26,33,38,39,41]. Three of the remaining nine studies found a negative association of MVPA with BMI and FM only in boys [34,36,42], one only in girls [37], one in both boys and girls [40] and three in mixed sexes [32,35,44]. Finally, the residual study observed higher MVPA values in normal weights than in overweight/obese children [43]. No association was shown between ST and body composition parameters, except in the study of McCormack et al. [42], where ST was positively correlated with %F in boys and mixed sexes.



Table 2 and Table 3 show the characteristics of the studies included in the review for males and females, respectively, according to sample size, age, country, ST, MVPA, stature, weight, BMI, and body composition parameters (%F, FM, FFM and FFMI).



For the research focused on males, three studies included subjects with a mean age between 8 and 9 years [39,40,43], five with a mean age between 9 and 10 [26,32,35,37,44], four between 10 and 11 [33,34,36,42], two between 12 and 13 [38,41] and one study with a mean age of 15.4 [33]. For the research focused on females, there were three studies with a mean age range between 8 and 9 [39,40,43], six between 9 and 10 [26,32,35,37,42,44], three between 10 and 11 [33,34,36] and one study each for mean ages of 12.4 [41], 13.1 [38] and 15.2 years [33].



Most of the included studies were performed in developed countries. Seven studies were carried out in Western Europe [33,34,37,39,41,43,44], three in North America [35,40,42] and the remaining four studies in developing countries (two in Brazil [36,38] and two in Africa [26,32]). For research involving both sexes, 9% lived in developing countries and the remaining 91% in developed countries. Two articles were published by 2014 [35,38] and the remaining 12 were published in 2015–2019 [26,32,33,34,36,37,39,40,41,42,43,44].



The majority were descriptive cross-sectional studies (n = 9, 64.3%) [26,32,33,35,36,37,38,42,43]. Four studies (28.6%) were prospective cohort studies [34,39,40,41] and one study (7.1%) was cross-sectional and prospective [44].



With regard to the body composition assessment, six studies (42.9%) used DXA [34,35,40,42,43,44], four (28.6%) used BIA [36,37,39,41], three (21.4%) used DLW [26,32,38] and one (7.1%) used skinfold thicknesses [33]. Almost all the studies reported %F (mainly) and/or FM and FFM. Only one reported FFMI [41]. Of fourteen studies, half included BMI values [33,34,36,37,41,43,44].




3.2. General Overview


We performed three weighted multiple linear regression models to test the simultaneous influence of age, PA amount (examined through minutes per day of ST and MVPA) and sex on FFMI, BMI and %F (Table 4). The variables used as predictors exerted a significant effect, as shown by the R2 value, on the dependent variable considered (p < 0.001 in all three models). The three models, obtained using the same four independent variables, predicted respectively 78%, 62% and 71% of the overall variance in FFMI, BMI and %F. The VIF values were acceptable in all the analyses.



The outcomes of multiple linear regression analysis with FFMI as the dependent variable showed that, after controlling for other covariates, the decrease in ST and the increase in age, in addition to being a male, were associated with significantly higher FFMI values. According to the outcomes of multiple linear regression with BMI as the dependent variable, the increases in ST and age and being a male were associated with significantly higher BMI values, while the increase in MVPA was associated with significantly lower BMI values. The last regression analysis was carried out by considering %F as the dependent variable. This analysis shows that the increase in ST and the decreases in MVPA and age, in addition to belonging to the female sex, were associated with significantly increased %F.



In particular, MVPA was negatively associated with BMI (0.007 kg/m2 of BMI decrement every minute per day of MVPA increment, unstandardized parameter B, not presented in Table 4) and %F (0.03 percent points of %F decrement every minute per day of MVPA increment). ST was negatively associated with FFMI (0.002 kg/m2 of FFMI decrement every minute per day of ST increment) and positively associated with BMI and %F (0.006 kg/m2 and 0.015 percentage points increment, respectively, every minute per day of ST increment). In addition, sex proved to be a significant predictor for all dependent variables: being a male increased FFMI and BMI (with an increment of 0.38 kg/m2 and only 0.09 kg/m2, respectively, in comparison to girls) and decreased %F (1.82 percentage points).





4. Discussion


This review aimed to evaluate the association between PA and body composition parameters in children and adolescents. After a detailed analysis of the 14 articles that met the criteria for inclusion, with a total sample of 6558 apparently healthy participants (48.5% males), a tendency towards a decrease in body adiposity with increasing MVPA and decreasing ST was evident.



PA is a complex and multi-dimensional behaviour associated with several health outcomes. Its correct quantification is therefore crucial for population assessment and possible interventions to be implemented. PA assessment can be done both using questionnaires and device-based techniques. As self-reported measures of PA have proved to have several limitations [46,47], accelerometry is the most used field method in free-living subjects to assess PA due to its accuracy and reliability.



In this review, we examined the association between objectively assessed PA (by means of an Actigraph accelerometer) and body composition parameters in children and adolescents using outcome data from 14 studies. Accelerometers offer the possibility of non-invasive and objective estimation of PA intensity levels using “activity counts” to classify PA as light, moderate, or vigorous intensity, in addition to ST. Accelerometers, used for approximately twenty years for children and adolescents [48], have now also become widely used in large-scale studies [49]. These devices are commonly worn on the wrist or the hip, with the latter placement ensuring better accuracy [50].



The different location of the device, the different types of accelerometers used, and the different cutoff points that define the PA level are some of the factors that make it difficult to compare results across studies.



For this reason, we decided to include in this review only the studies that assessed PA through a hip-worn accelerometer Actigraph (the most widely used device) and used the cutoffs reported by Evenson et al. [25]. It is important to underline that differences in the accelerometer cutpoints used can lead to different PA intensities [51] and that Evenson’s cutoffs are highly recommended as they are deemed to provide an optimal estimate of PA in children aged 5–15 years [52].



It should be noted that several different Actigraph models have been used in the selected articles. The majority of activity counts were recorded by GT3X or GT3X+ models, but five studies used the original 7164 and the GT1M models. Recent literature shows that accelerometer counts and time spent in MVPA as recorded by the Actigraph GT1M, GT3X and GT3X+ are compatible with one another [52]. Moreover, the vertical axis counts recorded by the 7164 and GT1M models are generally deemed highly comparable [53,54], although there is no unanimous consensus [55]. Though differences between uniaxial and triaxial accelerometric counts are apparent in specific sports [56], negligible differences are seen in daily routine activity [20].



In summary, it can be asserted that different Actigraph models, especially the more recent generations of accelerometers, provide data that can be accurately and reliably compared.



Another point of discussion is the reliability of the accelerometers used to assess PA. In literature, there are some studies focused on the assessment of the inter-instrument reliability of different accelerometers, by comparing the outputs from accelerometers worn on opposite hips or by using high-precision devices to examine technical reliability over multiple trials. A review by Trost et al. [57] summarized some of the results reported by the literature on this topic up to 2004, concluding that nearly all the studies reported high precision reliability [57]. One more recent study published by Aadland and Ylvisåker [58] in 2015 described the results of the assessment of the inter-instrument reliability of the Actigraph GT3X+ in adults. The results showed that the reliability of the accelerometer, tested wearing two accelerometers simultaneously on the contralateral hips for 21 days, was very high and that the Actigraph GT3X+ accelerometer was a reliable tool for measuring PA in adults [58]. Only a few studies have been published on inter-instrument reliability in children. Trost et al. [59] calculated the reliability of two Actigraph accelerometers worn on the left and right hips on thirty children aged 10–14 years. The results indicated an excellent intraclass reliability coefficient (ICC = 0.87). Another more recent study examined the inter-instrument reliability for eight children with cerebral palsy using an Actigraph GT3X+; it concluded that this is a reliable and valid device to monitor PA during walking [60].



4.1. Trend of PA and Body Composition with Age, Sex and Population


The examined studies defined ST as <100 cpm, including any waking behaviour characterized by an energy expenditure of ≤1.5 metabolic equivalents (METs) in a sitting or reclining position [61]. MVPA was defined as a combination of moderate and vigorous physical activity, including any activity over 3 METs [62]. The children spent most of their time (min/day) in sedentary behaviours rather than in moderate/vigorous activities: from 44% [40] to 67.3% [42] in ST vs. 5.4% [37] to 9.35% [26] in MVPA. In particular, in studies focused on females only, three studies had average MVPA values that met WHO recommendations; two of these were carried out in developing countries (Senegal [26] and Brazil [38]) and only one was carried out in a developed country (Spain [33]). For studies focusing on males, the situation was better: all the studies carried out in developing countries [26,32,36,38] and approximately half of the studies carried out in developed countries [33,34,42,43,44] had mean values of MVPA higher than recommended.



Several studies (among the selected ones) evaluated the frequency of children within the study sample that complied with these recommendations for children and youths by the WHO. The majority of Norwegian children satisfied the recommended PA level of ≥60 min/d of MVPA [34], as did Senegalese children aged 8–11 (55% according to Diouf et al. [26]), American children aged 9–12 (55% according to McCormack et al. [42]) and Tunisian children aged 8–11 (47.5% according to Ben Jeema et al. [32]). Only 14% of Czech children aged 7–12 [37], 20.1% of European children aged 6–10 [39], 24.7% of Canadian children aged 8–10 [35], and 33.7% of Finnish children aged 9–15 [41] were found to have done at least 60 min of daily MVPA.



Studies reporting data separately by sex show higher frequencies of MVPA in males than in females, with percentages decreasing from developing to developed countries, as follows: 66.7% of Tunisian boys vs. 26.3% of girls [32]; 52.2% of Senegalese boys vs. 47.8% of girls [26]; 44.9% of Finnish boys vs. 24.2% of girls [41]; 36% of Canadians boys vs. 11% of girls [35]; 30.6% of European boys vs. 10.5% of girls [39]; 22% of Czech boys vs. 8% of girls [37]. An exception to this trend is represented by the study of McCormack et al. [42], which reported the highest frequencies of MVPA of our review in US children (75% boys and 35% girls).



The lack of an acceptable gold standard for measuring the body composition of children implies that several techniques were used, from the simple BMI to DXA. Half of the examined studies evaluated BMI as a proxy for adiposity. Moreover, other body composition parameters (%F, FM, FFM, FFMI) were assessed by plicometry (7.1%), BIA (28.6%), DLW (21.4%) and DXA (42.9%). In particular, it should be noted that only one of the 14 studies analyzed used skinfolds as a measure.



Changes in body composition parameters occur during childhood, even if less pronounced than during infancy. Sex differences in body composition, present throughout childhood, appear more pronounced during adolescence due to the effect of gonadal sex steroids. Sex-specific differences become evident during this phase of growth: females show greater FM and lower FFM than males [63,64]. Consistent with this trend, our statistical analysis on the cross-sectional data collected in the selected studies showed a decrease in %F with age, especially in males, and an increase in FFMI and BMI, in males and females, respectively. The assessment of these parameters is very important due to the association of the amount of adult visceral adipose tissue with BMI changes during adolescence, as verified by longitudinal design [65].



If we analyze the body composition of the participants divided by developed and developing countries, is clear that males from African countries (Tunisia and Senegal) have the lowest mean BMI (also %F and FFMI in Senegalese boys) among the other studies reporting data for individuals of the same age. Brazilian subjects, however, have higher mean BMI, but similar %F and FFMI, as compared to individuals from other countries. Such differences were not present in the female sex.




4.2. Association between PA and Body Composition Parameters


The impact of sedentary behaviour on health has been investigated by many studies, with particular reference to the relationship between sedentary behaviour and childhood obesity or other health outcomes [66,67,68,69]. In recent years, the excess of adiposity in developing countries and the need for intervention to increase PA were largely reported in the literature [70,71,72]. Ferrari et al. [73] found that self-reported measures significantly underestimated sedentary time and overestimated PA time compared to device measures. Moreover, regression models showed that self-reported PA and sedentary behaviour were not significantly associated with health outcomes, unlike objectively-measured PA and ST. Therefore, self-reported methods may underestimate the strength of some relationships between activity and body composition.



The current study adds to the existing knowledge by providing the findings of the associations between PA (objectively assessed) and body composition parameters on a very large sample of children and adolescents taken from the literature.



The results obtained using multiple regression analysis show that the strength of the association of BMI, %F, and FFMI with MVPA and ST was also influenced by age and sex. It is important to underline the effect of sex on these associations, which has often been neglected in the literature. In our study, PA assessed by accelerometry resulted in a significant predictor of body composition parameters. The regression models explained a high and significant percentage of the variance in the body composition parameters. In particular, our analyses showed that MVPA was negatively associated with BMI and %F, and ST was negatively associated with FFMI but positively associated with BMI and %F. Subjects who spent more time engaged in MVPA showed lower weight status and lower levels of adiposity, and subjects who were more sedentary had higher weight status and %F and lower FFMI.



Thus, MVPA had a significant and positive effect on adiposity and consequently on health indicators, but not on FFMI. This is likely because the examined samples were not very physically active.



From our findings, it seems that youths living in developing countries are more physically active than those living in developed ones. Since overweight/obese youth are generally less active than normal/underweight ones [26], the lower overweight/obesity prevalence in developing countries could explain these differences. This assumption is in agreement with a cross-sectional study carried out in Tunisia, where the percentage of normal-weight children who spent more than 60 min a day in MVPA (60.9%) was significantly higher than in overweight children (29.4%) (according to data tabulated by Ben Jeema et al. [32]).



However, the study by Guthold et al. [74] gave inconsistent results; there was no increase in the prevalence of insufficient activity with country income, as was seen in high-income Asia Pacific countries. It should be noted that in this review there was no data from Asian countries.




4.3. Strength and Limitations


The collection of evidence by this scoping review is valuable in supplying an overview of the literature, with the intent of identifying where evidence gaps exist in order to assist future studies. This scoping review has several strengths, which include a systematic search of literature articles and consideration of a wide range of evidence. In particular, the major strengths of this review are that it includes only research that objectively measured ST and MVPA using the same accelerometer brand placed at the hip as well as the same cutpoints for PA classification.



The main limitation is common to any scoping review: it does not involve a quality assessment. Among the other limitations of this study, there is the use of BMI as an indicator of adiposity [75,76]; its accuracy is believed to increase in accordance with the degree of body fatness [77]. The lack of standard protocols for the detection of the body composition parameters used (%F, FM, FFM and FFMI) is another limitation to this review. The interchangeability of body composition parameters obtained by different methods is controversial. The minimal differences between BIA and DXA outcomes found in subjects aged 16-18 suggest that these methods may be interchangeable at the population level according to Achamrah et al. [78]. However, these findings contrast with those obtained by Lee et al. [79], indicating an overestimation of whole body muscle mass and skeletal muscle mass assessed by BIA as compared to DXA, especially in men. Moreover, differences in the accuracy of the values obtained in the comparison between DXA and BIA using different BIA machines has also been reported [80]. Finally, differences between the results obtained from the skinfold prediction equations compared to DXA have been shown in the literature [81,82].



Some other limitations should be mentioned, including the use of cross-sectional data (or collected by us cross-sectionally from longitudinal studies for needs related to the statistical processing of data), since this type of study design makes it difficult to explore causalities. Longitudinal data are required to further investigate the association between ST, MVPA and body composition over time [83].



Consistent with the chosen inclusion/exclusion criteria, we examined only 14 studies from the literature, and our results cannot be considered representative of the entire child and adolescent population of each country. Concerning the country of the samples, the majority of included research was from developed countries (Europe and North America) and just four studies were from developing countries (South America and Africa). Therefore, the underrepresentation of developing countries and the lack of published results from Asia has to be underlined. Although there are several studies in the literature on PA evaluated with accelerometry in Asian children and adolescents, these studies employed different accelerometers (e.g., [84,85]) and/or different cutoff points (e.g., [84,85,86]).



We selected only those studies that used the same type of device and cutoffs, but caution should be taken in evaluating the results obtained due to other possible variations among laboratories in procedures and methods (differences in registration period protocol, non-wear time definition, epoch length, etc.) [87]. In particular, one limitation evident in the current study is that a different number of valid days (defined as hours of monitor wear time) of accelerometer wear time was used for the final analysis. Only one study required at least six valid days of accelerometer wear time to be included in the final analysis [38], suggesting a possible PA undersampling [88]. A valid day was defined as a minimum of 6 h [26] to a maximum of 17 h [41] of wearing time per day, depending on the study.



Finally, concerning the size of the samples, it should be noted that it was not homogenous within the selected studies. The study with the smallest sample was reported by Hallal et al. [38] (9 males and 16 females). Meanwhile, the study with the largest sample was published by Herrmann et al. [39] (1409 males and 1544 females). To avoid biases in the statistical analysis we weighted our results for the number of the subjects of each study. In addition, we could not dispose of data regarding the first two age classes (6–7) in the chosen age range (6–15).





5. Conclusions


This scoping review first summarized the extent and nature of the research and identified gaps in the existing literature in order to subsequently identify key research priorities in PA and body composition. Consistent methods of measurement and analysis for both PA and body composition are required to allow comparison between literature studies and to achieve definitive conclusions. Despite some limitations, the data presented here support the suggestion that lower volumes of MVPA and higher volumes of ST are associated with increases in FM, which is detrimental to health and necessitates identification of appropriate interventions to reduce sedentary time and inactivity.



This scoping review confirmed that the adoption of standardized methods and analysis protocols for the assessment of PA and body composition remains an important concern for this area in order to improve comparability between studies. In order to obtain a realistic picture of the situation for children and adolescents, we also suggest reporting the data separately by sex. Only in this way will a better understanding of the associations between sedentary behaviour and daily PA at different levels of intensity be achieved in childhood and adolescence to successfully prevent early fat accumulation in children and lower the risk of adult obesity and its consequent comorbidities. Therefore, all children and adolescents, especially girls (who are more inactive and have greater adiposity in comparison to boys), should be encouraged to partake in PA, because of obesity seems to be due mainly to decreased PA and increased sedentary behaviour.
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Figure 1. Flowchart detailing the search for eligible studies. 
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Table 1. Characteristics of the included studies: name and design, information about Actigraph accelerometer, and association between physical activity (PA) and/or sedentary time (ST) and body composition parameters.
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	Reference
	Study Name and Design
	Accelerometer: Model, Location, Duration
	Conclusions on the Association of PA or ST with Body Composition





	Ben Jemaa et al., 2018 [32]
	Cross-sectional study
	Actigraph GT3X+ on the right hip at least for 3 weekdays and 1 weekend day
	MVPA was negatively correlated with %Fat (mixed sexes)



	Benitéz-Porres et al., 2016 [33]
	Cross-sectional study
	Actigraph GT3X on the right hip. Only participants with ≥4 complete days, including 1 weekend day, were included. A day was considered valid if it contained ≥10 h of wear time for weekdays and ≥8 h for weekend days
	not assessed



	Bernhardsen et al., 2019 [34]
	Part of Norwegian Mother and Child Cohort Study (MoBa), a prospective population-based cohort study. Data from a sub-cohort of 1603 participants born between 2002 and 2004
	Actigraph GT3X+ on right hip of all participants providing at least one valid day
	MVPA was negatively associated with BMI and FM only in boys



	Chaput et al., 2012 [35]
	QUebec Adiposity and Lifestyle InvesTigation in Youth (QUALITY)

Cross-sectional study
	Actigraph LS 7164 on the right hip. A valid day was defined as 10 or more hours of monitor wear time; respondents with four or more valid days were retained for analyses
	MVPA was negatively associated with %Fat (mixed sexes).

No association for ST.



	Diouf et al., 2016 [26]
	Cross-sectional study
	Actigraph GT3X+ triaxial worn on the right mid-axilla line at the level of the iliac crest for at least four valid days of data, including one weekend day with greater than 10 h/day of wear time. A valid day was defined as recording at least 600 min of measured wear time between 07:00 a.m. to bedtime 22:59.
	not assessed



	Ferrari et al., 2015 [36]
	Part of the International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE), a multinational cross-sectional study conducted in twelve countries (Australia, Brazil, Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, United Kingdom, and United States).

Here there are data only from Brazilian sample
	Actigraph GT3X+ worn at the hip on an elasticized belt, on the right midaxillary line, at least for 4 days (including at least one weekend day) with at least 10 h/day of waking wear time
	MVPA was negatively associated with BMI and %Fat in males (VPA in females).

No association for ST.



	Gába et al., 2017 [37]
	Cross-sectional study
	Actigraph was worn at the hip for a minimum of 10 h of wearing time per day and at least 4 days including one weekend day
	MVPA was negatively associated with Fat Mass, %Fat, Fat Mass Index only in girls (VPA with the same traits in boys)



	Hallal et al., 2013 [38]
	A subsample of the 1993 Pelotas (Brazil) Birth Cohort study at the mean age of 13.3 years. Cross-sectional
	Actigraph GT1M worn on the left side of the hip for 6 days. Days with <600 min of registered data and periods of time above 60 min of consecutive zero counts were excluded
	not assessed



	Herrmann et al., 2015 [39]
	IDEFICS study (Identification and prevention of dietary- and lifestyle-induced health effects in children and infants), a prospective population-based cohort study of children from 7 European countries
	ActiTrainer or GT1M Actigraph uniaxial accelerometers worn on right hip for three consecutive days, including 1 weekend day, for at least 6 h per day. Both types of accelerometers have been observed to measure comparable MVPA levels (except for lower PA levels).
	not assessed



	Janz et al., 2017 [40]
	Part of Iowa Bone Development Study- a longitudinal study investigating bone health and body composition in seven measurement waves at approximate ages 5 years (yr) (wave 1), 8 yr (wave 2) -used in this review-, 11 yr (wave 3), 13 yr (wave 4), 15 yr (wave 5), 17 yr (wave 6), and 19 yr (wave 7)
	Actigraph uniaxial accelerometers model 7164 in waves 1 to 4 (used in this study), model GT1m in wave 5, and model GT3x+ in waves 6 and 7 for at least 10 h/day and a minimum of 3 d within 15 months of the DXA scan, worn at the hip on the midaxillary line
	MVPA was negatively associated with Fat Mass in both males and females.

No association for ST.



	Joensuu et al., 2018 [41]
	Part of research related to Finnish Schools ’ on the Move program (LIKES Research Centre for Physical Activity and Health)-longitudinal- 2013
	Actigraph GT3X+ at the hip, for at least 2 weekdays and 1 weekend day, 17 h/day.
	not assessed



	McCormack et al., 2016 [42]
	Cross-sectional study
	Actigraph G3TX+ accelerometers worn on the right hip for at least 3 valid weekdays and 1 valid weekend day. One day was considered valid if the child had a minimum of 10 h of wear time during waking hours.
	MVPA was negatively correlated with %Fat in mixed sexes and boys (no in females).

ST was positively correlated with %Fat in mixed sexes and boys (no in females).



	Santos-Magalhaes et al., 2015 [43]
	Cross-sectional study
	Actigraph GT3X worn on the right hip for at least 2 weekdays and 1 weekend day. A minimum recording of 8 h/day was the criteria to accept daily PA
	MVPA was significantly greater in normal weight than in overweight and obese.

ST did not differ.



	Sardinha et al., 2017 [44]
	A school-based cluster randomized controlled trial (clinical trial registry: ISRCTN76013675) to evaluate the impact of an intervention in childhood obesity between 2010 and 2011- cross-sectional and prospective study
	GT1M Actigraph worn on the right hip for at least three days of recording (two weekdays and one weekend day). A minimum of 600 min was required for inclusion in the analysis
	MVPA was negatively associated with Fat Mass (mixed sexes).

No association for ST.
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Table 2. Characteristics of boys according to the examined studies (calculated values are shown in italics underlined). * Sweden, Germany, Hungary, Italy, Cyprus, Spain, Belgium and Estonia; § values converted from hour/day to min/day; a = BIA; b =DXA; c = DLW; d = skinfolds.






Table 2. Characteristics of boys according to the examined studies (calculated values are shown in italics underlined). * Sweden, Germany, Hungary, Italy, Cyprus, Spain, Belgium and Estonia; § values converted from hour/day to min/day; a = BIA; b =DXA; c = DLW; d = skinfolds.





	Reference
	N
	Age (Years)
	Country
	ST

(min/d)
	MVPA (min/d)
	Stature

(cm)
	Weight

(kg)
	BMI

(kg/m2)
	%F
	FM

(kg)
	FFM

(kg)
	FFMI

(kg/m2)





	Herrmann et al., 2015 [39]
	1409
	8.1 ± 1.2
	Europe *
	336 ± 90 §
	48 ± 25
	135.2 ± 9.0
	32.5 ± 8.7
	17.8
	28.9
	9.4
	23.1 ± 4.1 a
	12.6



	Santos-Magalhaes et al., 2015 [43]
	26
	8.2 ± 1.2
	Portugal
	325.6 ± 79.7
	60.7 ± 27.2
	133.5 ± 9.7
	35.8 ± 12.8
	19.5 ± 4.7
	31.4 ± 9.2 b
	11.2
	24.6
	13.8



	Janz et al., 2017 [40]
	201
	8.7 ± 0.7
	USA
	324 ± 66 §
	58.2 ± 25.8
	135 ± 7.3
	33.4 ± 9.0
	18.3
	24.6
	8.2 ± 5.8b
	25.2
	13.8



	Ben Jemaa et al., 2018 [32]
	21
	9.3 ± 0.9
	Tunisia
	583.9
	68.8 ± 17.3
	137.1 ± 6.9
	31.6 ± 6.2
	16.8
	22.7 ± 5.1 c
	7.2
	24.4
	13.0



	Chaput et al., 2012 [35]
	299
	9.6 ± 0.8
	Canada
	341 ± 82
	55.9 ± 26.4
	-
	38.2 ± 11.6
	-
	24.9 ± 11.0 b
	9.5
	28.7
	-



	Gába et al., 2017 [37]
	156
	9.9 ± 1.2
	Czech Republic
	379.3 ± 48.5
	46.7 ± 21.3
	143.8 ± 9.4
	37.4 ± 9.2
	17.9 ± 2.8
	16.1 ± 8.3 a
	6.7 ± 5.2 a
	30.7
	14.9



	Diouf et al., 2016 [26]
	20
	10 ± 1
	Senegal
	428 ± 89
	85 ± 40
	142.1 ± 6.5
	34.1 ± 9.4
	16.9
	16.5 c
	5.7 ± 1.2 c
	24.7 ± 3.8 c
	12.2



	Sardinha et al., 2017 [44]
	197
	10 ± 0.6
	Portugal
	518.2 ± 59.2
	65.9 ± 24.5
	142 ± 7
	37.8 ± 8.6
	18.6 ± 3.5
	26.7
	10.1 ± 5.6b
	27.7
	13.7



	Ferrari et al., 2015 [36]
	238
	10.1 ± 0.5
	Brazil
	492.5
	71.2 ± 28
	144.4 ± 7.1
	41.5 ± 12.6
	19.9 ± 4.7
	21.3 ± 9.5 a
	8.8
	32.7
	15.7



	McCormack et al., 2016 [42]
	44
	10.1 ± 0.9
	USA
	550 ± 62
	71 ± 25
	141.5 ± 7.5
	38 ± 8.2
	19.0
	29.1 ± 6.3 b
	10.4 ± 4.5b
	23.2 ± 3.9b
	11.6



	Benitéz-Porres et al., 2016 [33]
	83
	10.9 ± 1.2
	Spain
	599.3 ± 60.7
	63.9 ± 14.7
	145.6 ± 10.1
	42.7 ± 10.8
	19.9 ± 3.4
	22.9 ± 11 d
	9.8
	32.9
	15.5



	Bernhardsen et al., 2019 [34]
	98
	10.9 ± 0.6
	Norway
	501 ± 61.6
	75 ± 26.9
	148 ± 6
	39.2 ± 6.9
	17.8 ± 2.5
	24.7 ± 6.2 b
	10 ± 4.2 b
	29.4 ± 3.6 b
	13.4



	Joensuu et al., 2018 [41]
	263
	12.4 ± 1.3
	Finland
	485.5 ± 74.9
	58.2 ± 23.3
	155.2 ± 11.1
	44.6 ± 11.9
	18.2 ± 3.1
	14.7 ± 7.8 a
	6.6
	38.0
	15.4 ± 1.7



	Hallal et al., 2013 [38]
	9
	12.9 ± 0.3
	Brazil
	660 ± 82
	79
	159.5 ± 10.5
	51.9 ± 12.2
	20.4
	22.7
	11.8 ± 6.8c
	40.1 ± 7.6c
	15.8



	Benitéz-Porres et al., 2016 [33]
	115
	15.4 ± 1.3
	Spain
	643.1 ± 67.2
	65.9 ± 23.3
	167.6 ± 8.4
	61.5 ± 13.7
	21.8 ± 4.2
	16.6 ± 7.6 d
	10.2
	51.3
	18.3
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Table 3. Characteristics of girls according to the examined studies (calculated values are shown in italics underlined). * Sweden, Germany, Hungary, Italy, Cyprus, Spain, Belgium and Estonia; § values converted from hour/day to min/day; a = BIA; b = DXA; c = DLW; d = skinfolds.






Table 3. Characteristics of girls according to the examined studies (calculated values are shown in italics underlined). * Sweden, Germany, Hungary, Italy, Cyprus, Spain, Belgium and Estonia; § values converted from hour/day to min/day; a = BIA; b = DXA; c = DLW; d = skinfolds.





	Reference
	N
	Age (Years)
	Country
	ST

(min/d)
	MVPA (min/d)
	Stature (cm)
	Weight (kg)
	BMI (kg/m2)
	%F
	FM

(kg)
	FFM

(kg)
	FFMI

(kg/m2)





	Herrmann et al., 2015 [39]
	1544
	8.1 ± 1.2
	Europe *
	342 ± 90 §
	36 ± 18
	134.7 ± 9.1
	32.1 ± 8.3
	17.7
	33.6
	10.8
	21.3 ± 4.0 a
	11.7



	Santos-Magalhaes et al., 2015 [43]
	24
	8.4 ± 1
	Portugal
	347.1 ± 66.5
	52.1 ± 16.5
	133.6 ± 6.8
	36 ± 8.7
	20.0 ± 3.5
	37.3 ± 6.4 b
	13.4
	22.6
	12.7



	Janz et al., 2017 [40]
	214
	8.7 ± 0.6
	USA
	330 ± 66 §
	40.6 ± 18.9
	133.0 ± 6.8
	32 ± 8.7
	18.1
	29.1b
	9.3 ± 5.9
	22.7
	12.8



	Diouf et al., 2016 [26]
	22
	9 ± 1
	Senegal
	416 ± 79
	65 ± 28
	137.3 ± 8.2
	31.7 ± 8.6
	16.8
	24.2
	7.5 ± 1.0 c
	21.1 ± 3.5 c
	11.2



	Ben Jemaa et al., 2018 [32]
	19
	9.4 ± 1
	Tunisia
	498.8
	49.8 ± 22.7
	139.6 ± 8.3
	36.1 ± 8.6
	18.5
	31.1 ± 8.2 c
	11.2
	24.9
	12.8



	Chaput et al., 2012 [35]
	251
	9.6 ± 0.9
	Canada
	343 ± 82
	37.5 ± 17.9
	-
	38 ± 11.2
	-
	30.3 ± 10.0 b
	11.5
	26.5
	-



	Gába et al., 2017 [37]
	209
	9.8 ± 1.3
	Czech Republic
	394.4 ± 51.7
	37.4 ± 16.7
	142.5 ± 8.9
	35.8 ± 8.8
	17.4 ± 2.8
	18.1 ± 7.3 a
	6.9 ± 4.4 a
	28.9
	14.2



	Sardinha et al., 2017 [44]
	189
	9.9 ± 0.6
	Portugal
	525.4 ± 67.1
	53.7 ± 18.4
	143 ± 7
	39.7 ± 8.6
	19.1 ± 3.2
	30.5
	12.1 ± 5.1 b
	27.6
	13.5



	McCormack et al., 2016 [42]
	43
	10.0 ± 0.8
	USA
	580 ± 48
	51 ± 22
	140.0 ± 6.5
	35.0 ± 7.0
	17.9
	31.5 ± 6.1 b
	10.3 ± 4.0 b
	20.7 ± 3.5 b
	10.6



	Ferrari et al., 2015 [36]
	247
	10.1 ± 0.5
	Brazil
	507.3 ± 66.7
	48.2 ± 18.0
	145.3 ± 7.7
	41 ± 10.9
	19.5 ± 4.1
	24.7 ± 8.3 a
	10.1
	30.9
	14.6



	Benitéz-Porres et al., 2016 [33]
	63
	10.7 ± 1.3
	Spain
	609 ± 61.2
	61.3 ± 12.7
	143.2 ± 10.9
	40 ± 12.7
	19.1 ± 4.0
	22.9 ± 6.6 d
	9.2
	30.8
	15.0



	Bernhardsen et al., 2019 [34]
	88
	11.0 ± 0.6
	Norway
	508.0 ± 55.6
	59 ± 17.4
	149 ± 8
	40 ± 8.4
	17.9 ± 2.3
	28.1 ± 5.8 b
	11.5 ± 4.6 b
	28.6 ± 4.8 b
	12.9



	Joensuu et al., 2019 [41]
	331
	12.4 ± 1.3
	Finland
	511.0 ± 66.6
	47.3 ± 18.0
	155.1 ± 9.3
	45.7 ± 10.2
	18.8 ± 3.0
	20.4 ± 6.9 a
	9.3
	36.4
	14.8 ± 1.4



	Hallal et al., 2013 [38]
	16
	13.1 ± 0.3
	Brazil
	661 ± 78
	64
	159 ± 5.6
	51.7 ± 9.5
	20.5
	30.2
	15.6 ± 5.8 c
	37.3 ± 6.5 c
	14.8



	Benitéz-Porres et al., 2016 [33]
	119
	15.2 ± 1.4
	Spain
	642.7 ± 83.4
	48.1 ± 18.9
	160.2 ± 6
	57.5
	22.4 ± 4.6
	21.2 ± 7.7 d
	12.2
	45.3
	17.7
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Table 4. Predictors of FFMI, BMI and %F: results of multiple regression analyses.
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Predictors

	
FFMI

	
BMI

	
%F




	
β

	
t

	
p

	
β

	
t

	
p

	
β

	
t

	
p






	
Age

	
0.935

	
111.445

	
0.000

	
0.312

	
18.322

	
0.000

	
−0.933

	
−71.602

	
0.000




	
MVPA

	
0.006

	
0.449

	
0.653

	
−0.074

	
−4.005

	
0.000

	
−0.059

	
−3.845

	
0.000




	
ST

	
−0.098

	
−5.489

	
0.000

	
0.546

	
23.699

	
0.000

	
0.259

	
14.849

	
0.000




	
Sex (male)

	
0.234

	
21.116

	
0.000

	
0.087

	
6.102

	
0.000

	
−0.325

	
−26.335

	
0.000




	
R2

	
0.776

	

	

	
0.624

	

	

	
0.705

	

	




	
R2 adj

	
0.776

	

	

	
0.623

	

	

	
0.705

	

	




	
p

	
<0.001

	

	

	
<0.001

	

	

	
<0.001
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