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Abstract

:

School-based interventions are promising for targeting a change in obesity-related behaviours in children. However, the efficacy of school-based interventions to prevent obesity remains unclear. This review examined the effectiveness of school-based interventions at changing obesity-related behaviours (increased physical activity, decreased sedentary behaviour and improved nutrition behaviour) and/or a change in BMI/BMI z-score. Following PRISMA guidelines, seven databases were systematically searched from 1 January 2009 to 31 December 2020. Two review authors independently screened studies for eligibility, completed data extraction and assessed the risk of bias of each of the included studies. Forty-eight studies met the inclusion criteria and were included in a narrative synthesis. Thirty-eight studies were eligible for inclusion in a meta-analysis. The findings demonstrate that interventions in children when compared to controls resulted in a small positive treatment effect in the control group (2.14; 95% CI = 0.77, 3.50). There was no significant effect on sedentary behaviour, energy intake and fruit and vegetable intake. Significant reductions were found between groups in BMI kg/m2 (−0.39; 95% CI = −0.47, −0.30) and BMI z-score (−0.05; 95% CI = −0.08, −0.02) in favour of the intervention. The findings have important implications for future intervention research in terms of the effectiveness of intervention components and characteristics.
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1. Introduction


Childhood obesity is one of the leading public health challenges of the 21st century [1]. The prevalence of childhood obesity has risen over the past four decades with 50 million girls and 74 million boys globally, aged 5–19 years, estimated to be affected by obesity [2]. Childhood obesity is a major economic concern and has serious health care and social costs and consequences in adulthood, with increased burdens on health systems [3]. The specific causes of obesity are varied and complex, however, at a population level are consistent with sustained positive energy balance [4,5].



Sedentary behaviour (SB) and low levels of physical activity (PA), combined with excess caloric consumption, are significant modifiable factors for the prevention of childhood obesity [6]. Childhood obesity is associated with adverse health outcomes, including greater adiposity, and associated adverse cardiometabolic risk factors [7,8], behavioural problems [9] and poorer academic performance [10]. Overconsumption and poor food choices are associated with a higher risk of developing childhood obesity [11,12,13]. Furthermore, dietary patterns during childhood that are high in energy-dense, high-fat and low-fibre foods will have an impact on the later obesity risk [14]. In addition to the well-recognised health benefits of PA, prolonged uninterrupted periods of sitting or SB are an independent risk for poor cardiovascular and metabolic health [15,16]. Increased sedentary time has been linked with changes in adiposity across childhood [17]. The 2018 Global Matrix PA Report Card, in 49 countries, indicated that only 27–33% of school-aged children were obtaining the recommended guidelines of 60 min of moderate-to-vigorous PA (MVPA) per day, and only 34–39% of those children adhered to the two hours of recommended screen time daily [18]. Therefore, evidence unequivocally highlights the beneficial effects of changes in PA, SB and nutrition behaviour for the prevention of childhood obesity [19,20,21,22]. When obesity is established in childhood, it is challenging to reverse through interventions and tracks into adulthood [23,24]. Thus, effective primary prevention is imperative. PA, SB, nutrition behaviour and food preferences are determined in early childhood and continue into adulthood [25,26,27]. By intervening at an early age, it may be possible to reduce health inequalities and prevent the increase in obesity levels [28].



Because of the prevalence, health consequences and associated costs of childhood obesity, there has been significant interest in identifying the effective interventions for preventing childhood obesity. Empirical evidence demonstrates that the school environment is ideal for tackling change in obesity-related behaviours as they provide concentrated contact, teach health education, provide meals and can model health-promoting settings [29]. It is a logical choice as a context for implementing obesity prevention interventions since children spend 40% of their waking time at school [30]. School-based interventions can also reach all pupils, irrespective of socioeconomic status [31,32] providing access to those who may benefit most and thereby overcoming potential health inequalities [33]. Multi-country data indicated that local school contexts have a significant impact on children’s daily MVPA accumulation pattern [34]. Recent systematic reviews and meta-analysis suggest that nutrition interventions can have a positive influence on children’s nutritional knowledge and children’s energy intake [35,36]. However, The National Institute of Clinical Excellence (NICE) has highlighted disparities in the evidence, specifically the need for evaluation of multi-component interventions that aim to reduce obesity-related behaviours in children [37].



Several reviews have considered the effectiveness of interventions promoting PA within the school setting [33,38] and during specific parts of a school day, including during play/recess [39], within-school physical education classes [40], and after-school [41,42]. The evidence is inconsistent and suggests that interventions promoting PA within-school, during play/recess and after-school may contribute to children’s PA accrual. Conversely, only a few systematic reviews have considered the effectiveness of SB interventions within the school setting [43,44]. A systematic review examining interventions for preventing obesity in children aged 6 to 12 years found no evidence to suggest that interventions that only focus on diet were effective [45]. Previous systematic reviews considering the effectiveness of school-based PA and dietary interventions have suggested that combined diet and PA interventions may help prevent childhood obesity [46,47]. However, these reviews of obesity prevention interventions in children and adolescents did not consider whether outcomes were influenced by methodological quality, characteristics of intervention components, intervention length and whether or not the interventions were theoretically driven. Further research is needed, to better understand how implementation of multi-component interventions deals with various intervention targets.



This review assesses the effectiveness of school-based interventions on primary school children at changing obesity-related behaviours and/or a change in BMI/BMI z-score, taking into account the methodological quality of the included studies. Secondary aims were to identify the most effective elements (e.g., PA, SB and/or nutrition), used in these interventions, to examine the characteristics of the interventions and to quantify their effect through meta-analysis.




2. Materials and Methods


This systematic review is reported in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) criteria [48] and was registered with PROSPERO (Registration number: CRD42019147930). The PRISMA checklist is provided in the Supplementary Materials (Table S1).



2.1. Search Strategy


A comprehensive search of seven electronic databases and online registers—Medline OVID (1946–2020), EMBASE (1980–2020), PsycINFO (1806–2020), SPORTDiscus (1984–2020), Scopus (1966–2020), CINAHL (1934–2020) and Cochrane Central Register of Controlled Trials (CENTRAL)—was conducted to identify peer-reviewed intervention studies published in English between 1 January 2009 and 25 December 2020. Searches were limited to that time period since a comprehensive review investigating the moderators of school-based intervention programmes on energy balance-related behaviours from inception to October 2009 was previously conducted by Yildirim et al. [49]. A research librarian (JA) was consulted during the development and testing of search terms. The search strategies combined multiple keyword search terms agreed to a priori and were developed by breaking down the research question. The search terms focused on four key elements: (1) study population; (2) outcome measure; (3) study type; and (4) setting. As an illustration, the search strategy used in Medline is included in the Supplementary Information (Table S2). Reference lists of included studies were hand-searched for eligible interventions. The outcomes of each of the searches were combined into a RefWorks library (bibliographic software).




2.2. Inclusion and Exclusion Criteria


Studies were eligible if they targeted children aged 5 to 12 years of any nationality, attending primary school on a full-time basis. If the ages of participants fell outside of this range, the mean age had to be within this range to warrant inclusion. Participants were only included if they were under 13 years at the commencement of the intervention. Studies were also eligible if they: (1) included an intervention that lasted at least 12 weeks; (2) were written in the English language and published after 2009; (3) targeted a change in at least two measures of BMI and/or obesity-related behaviours including PA behaviour and/or SB and/or nutrition behaviour; (4) randomised controlled trials (RCTs) or cluster-randomised controlled trials (cRCTs) with a comparison or control arm that consisted of either no intervention, an alternative treatment condition or ‘usual care’, i.e., existing physical education programme.



Studies were excluded if they: (1) included children with medical conditions known to affect weight status, children with eating disorders, critical illness, asthma or other chronic conditions or children with mental or physical disabilities; (2) were based primarily outside of the school setting (e.g., community settings, public place, at home, recreation facility, hospital, camp setting) or in a clinical population; and (3) involved participants receiving a PA intervention as part of a treatment regimen for a specific critical illness or comorbidity.




2.3. Study Selection


All search results were exported into the RefWorks library, and duplicates were removed. Title and abstract of retrieved articles were screened independently by two authors (SN and JB), using the inclusion/exclusion criteria as described above. When full texts were not readily available, the lead author was contacted and requested to provide the full text for further assessment on eligibility. If no response was received, these studies were excluded as they could not be fully assessed for eligibility. If a study was mentioned multiple times, only the most recent publication was included in the analysis. Reference lists of the included studies and related systematic reviews were examined to identify any additional studies. Two authors (SN and JB) then independently reviewed the full text of the remaining articles to determine final inclusion. When uncertainties arose with regard to the study inclusion, consensus was achieved through discussion with a third author (AG). The third author was consulted for five articles.




2.4. Data Extraction Process


Data extraction was conducted in the selected studies by the first author (SN), and a second reviewer (AC) double-checked the data extraction of all the included studies. Study characteristics, intervention characteristics, description of the intervention using the Template for Intervention Description and Replication (TIDieR checklist) [50] and effectiveness of the interventions were all extracted. The characteristics of interventions were extracted from both the main papers and where relevant from the published intervention protocol including: sample size, age of participants, study design, number of schools participating in the study, description of intervention, intervention type, timing and frequency of activities, providers, setting, resources and equipment used, underlying behavioural theory, training, the timeframe in which follow-up measurements were made, drop-out rates, characteristics of the participants, outcome measures and details of the control group.



Information was extracted on whether the single-component interventions targeted a change in PA, SB or nutrition behaviour. Interventions covering multiple components that targeted a change in two or more obesity-related behaviours were also extracted. The TIDieR checklist was included in data extraction following recent guidance for improving systematic reviews [51].




2.5. Evaluation of the Quality of the Studies


Two authors (SN and AG) independently assessed the risk of bias of all included trials using the Cochrane risk of bias tool [52]. Studies were assessed based on selection bias (i.e., random sequence generation, allocation concealment), detection bias (i.e., blinding of study personnel), attrition bias (high is less than 70% at follow-up) and the validity of the outcome measure included in the intervention (i.e., device-based versus self-reported measures). A judgement of ‘low risk’, ‘high risk’, or ‘unclear risk’ of bias was selected for each of the domains. Disagreements were resolved through discussion until consensus was reached. If no consensus was reached, a third author independently assessed the risk of bias for that domain.




2.6. Meta-Analysis


The effect sizes were determined (standardised mean differences) reporting 95% CI for the difference between arms (intervention vs. control) for each of the three behavioural outcomes and for BMI by dividing the mean difference by the pooled standard deviation between arms, as implemented into Review Manager (RevMan) (Version 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). For data presented in the form of odds ratios or counts, a meta-analysis was conducted using the generic inverse variance method as implemented by RevMan. The difference between the intervention groups and control/comparison group in the mean change from baseline to post-intervention and the comparison at follow-up were used as a measure of effect size. Where study authors reported both device-measured and self-reported measurements for PA and/or SB, only the device-based measurement data were used in the statistical analysis. We quantified the extent of the variability observed that could be accounted for by true between-study differences rather than chance using the heterogeneity I2 statistic [53]. Results with p < 0.05 were reported as significant.



Pre-planned subgroup analyses were explored on possible moderators of the average intervention effect, and these were: PA and SB measurement method (device-based vs. self-report), intervention duration (<6 months vs. >6 months) and presence of underpinning theory (yes vs. no). Additional pre-planned subgroup analyses explored treatment-subgroup interactions with the type of intervention (multiple components or single component). Subgroup analyses, although planned, were exploratory; adjustments for multiple comparisons were applied.



Sensitivity analyses were performed for random-effects meta-analyses by strategically removing studies one by one if they had a small sample size, high risk of bias, sedentary time or PA measures that were parent-reported compared to device measured to assess the robustness of the summary estimates. This would also indicate whether an individual study accounted for a large proportion of the heterogeneity. I2 is represented as a percentage with a value of 0% indicating no dispersion and larger values indicating gradual increases in heterogeneity (i.e., 25% = low, 50% = moderate, 75% = high level of heterogeneity) [53]. To identify any potential outliers, a set of leave-one-out analysis was performed to identify potential significant studies that resulted in a large change in the pooled estimates after they were left out one at a time from all studies.



Publication bias was assessed by examining asymmetry of funnel plots (effect size vs. standard error) where asymmetry is indicative of publication bias. We recognised that asymmetry of funnel plots can be due to either publication bias or a genuine relationship between effect size and trial size. To assess the possibility of publication bias, a minimum of 10 studies for a given outcome was required for the meaningful interpretation of funnel plots [54,55].





3. Results


3.1. Database Searches


A PRISMA flowchart in Figure 1 illustrates the identification, screening, eligibility and inclusion of studies within the systematic review. The database search yielded 44,815 articles, while 21 additional articles were retrieved after reviewing the reference lists of the included studies. A total of 48 articles met the inclusion criteria for the narrative synthesis. Thirty-eight studies were eligible for inclusion in a meta-analysis.




3.2. Description of the Included Studies


The characteristics of the included studies are described in the Supplementary Information (Table S3). Most of the studies were cRCTs (n = 35, 73%) using the school or class as the unit of randomisation. The remaining studies were RCTs (n = 13, 27%). The 48 articles within this review involved a total of 46,235 children at baseline. The number of children participating in the study at baseline ranged from 51 [56] to 3135 [57].The average age of participants in each study ranged from 6.0 years [58] to 10.9 years [59,60]. Whilst the participant groups were quite similar in terms of age across studies, the interventions were heterogeneous regarding study duration, intensity, type of the interventions and outcome measures. The duration of the interventions ranged from 12 weeks [61] to four years [62], 19% of interventions (n = 9) had a duration of less than six months and 81% of the interventions were over six months in duration (n = 39). The number of schools participating in the studies ranged from one school [56] to 154 schools [63,64]. In this review, interventions were conducted within twenty different countries, including ten European countries (n = 25, 52%), within the USA (n = 8, 17%), Asia (n = 7, 15%) and in two Oceania countries (n = 4, 8%), and the remaining four studies were conducted in Argentina, Canada, Chile and Mexico (Table S3). Of the 48 articles included in the qualitative synthesis, 43 (90%) articles targeted a change in PA, 29 (64%) articles targeted a decrease in SB, and 30 (63%) articles targeted change in nutrition behaviour (Table 1). Seven different methods were used to measure PA and SB. Both PA and SB were objectively measured via accelerometer in 13 studies [65,66,67,68,69,70,71,72,73,74] and subjectively measured through self-report questionnaires in 12 studies [58,60,69,75,76,77,78,79]. One study used a combination of self-report and accelerometers to measure PA and SB [80], and three studies used questionnaires to measure both PA and SB [63,64,81]. Two studies used three different methodologies to measure PA and SB including direct observation and device-based measurements [62,82]. Seven studies measured PA using an accelerometer [57,61,83,84,85,86], and four studies measured PA subjectively via questionnaires [87,88,89,90]. To measure PA, one study combined self-report and accelerometers [91], another study combined pedometers and self-report measurements [56], one used pedometer [92], and one used a 7-day PA recall [59].



A variety of dietary assessments were employed throughout the 30 articles. Food frequency questionnaires were the most commonly used [57,58,65,66,69,76,77,81,93,94,95,96]. One study used the digital photography method on three consecutive days to measure food selections and food intake [79]. Viggiano et al. [90], used a graphical form of a food diary with a list of items to evaluate the quantity and quality of food consumption during of 7-day period. Two studies used a 24-h recall food intake questionnaire [68,87], two studies used a 3-day dietary recall sheet, on two weekdays and one day on the weekend, to estimate dietary intake [60,97], and one study used the 24-h food recall method among a subset of participants on a day that was convenient for the participants (n = 135) [98]. Two studies measured children’s nutrition behaviours via a parental questionnaire [63,64,99]. The mode of nutritional intervention delivery varied; however, the most used intervention strategy was health education classes and nutrition education programmes. One study used the board game ‘Kaledo’ as a strategy to improve nutrition knowledge to modify nutrition behaviour [90].



There were 35 (71%) multi-component interventions, while others adopted single component and 21 (48%) multi-component interventions targeted a change in PA, SB and nutrition behaviour [56,58,60,63,64,65,68,69,70,76,79,80,81,82,91,95,100,101]. Eight (17%) interventions targeted a change in PA and SB [62,67,71,72,73,74,75,81], and five (9%) interventions targeted a change in PA and nutrition behaviour [57,77,86,87,90]. Intervention strategies included school environment adaptions, interactive drama activities, modified PE lessons, extra-curricular PA sessions, gardening, cooking workshops, educational sessions, counselling sessions and provision of further opportunities to be physically active (e.g., active homework, lunch and break time, PA clubs). Fourteen (30%) studies reported single-component interventions. Eight of these were targeting a change in PA [59,61,83,84,85,89,92,97] by facilitating active academic lessons, activity breaks in the classroom, introducing additional brisk walking during school time, school environment adaptions and educational sessions. Six single-component interventions targeted a change in nutrition through workshops and modifications to the school canteen [94], allocating free fruit [102] and educational sessions [88,93,96,98].



One study used several intervention activities including: classroom lessons, 19 take-home activities, cooking demonstrations, school gardens, family newsletters, health fairs, salad bars, procurement of regional produce and school-site wellness committees [93]. Four interventions did not measure BMI at any time point [72,77,81,82]. One study used a self-reported measurement for height and weight [103]; the remainder of the interventions measured the participants’ body weight and height objectively by a member of the research team.



Twenty-one (44%) studies explicitly reported that the interventions incorporated one or more behaviour change theories (Table 1). These included Social Cognitive Theory [63,64,66,68,77,88,93,99,100], Social Identity Theory [78], the Theory of Planned Behaviour [87,91], Socio-Ecological Model [71,73,93], RE-AIM (Reach, Efficacy, Adoption, Implementation, Maintenance) Theoretical Framework [72,86], the Theory of Triadic Influence and the Comprehensive School Health Program Model [79], Bronfenbrenner’s Ecological Model [77] and the analysis grid for environments linked to obesity (ANGELO) [101]; two studies used a theoretical pathway that was informed by a previous mixed-method study [58,62,65,69]. The remaining studies (n = 27, 56%) did not specify the use of a behaviour change model or theory.




3.3. Quality of Included Studies


Assessment of risk of bias is summarised in Figure 2. All the studies in this review had a low risk of bias for selective reporting (n = 48, 100%). Approximately half of the studies were assessed as having an unclear risk of bias due to insufficient descriptions in terms of random sequence generation (n = 21, 44%). Most of the interventions were judged as having a low risk of bias in terms of selection bias (n = 38, 79%), performance bias (n = 37, 77%), detection bias (n = 34, 71%) and attrition bias (n = 39, 81%). The studies that were judged as having the highest risk of bias were for incomplete outcome data, blinding of outcome assessment and performance bias.




3.4. Meta-Analysis


Of the 48 studies included in the qualitative synthesis, 38 studies provided sufficient data for inclusion in the meta-analysis. Studies were excluded for the following reasons: not reporting sample size, missing data, inappropriate data type (i.e., studies providing different measures of variation, e.g., range, reference ranges and studies stating ‘not significant’ or ‘p < 0.05’) and not reporting variance of data.




3.5. Effects of Interventions on Changing Moderate-to-Vigorous Physical Activity


Of the 38 studies included in the meta-analysis, 18 studies provided data for MVPA. For studies in which two measures of MVPA were obtained, data were extracted for the device-based measurement only. Assessment of the effect of interventions on MVPA comprised of 9263 participants indicating a small but statistically significant increase in MVPA in favour of the control group (2.14; 95% CI = 0.77, 3.50) with moderate inconsistency across trials (I2 = 66%). Subgroup analyses were performed as planned to explore whether the identified subgroups moderated the average intervention effect. We found several significant treatment subgroup interactions that could explain this inconsistency (Table 2).




3.6. Effects of Interventions on Changing Sedentary Behaviour


Of the 38 studies included in the meta-analysis, 16 studies provided sufficient data for SB. Twelve studies provided adequate data for objectively assessed sedentary time (mins/day) for which the pooled ES estimates were −0.91 (95% CI = −2.30, 0.48). This estimate did not reach statistical significance, with low precision, as indicated by the CIs from a negative large effect to a positive large effect. Several significant treatment subgroup interactions were noted in Table 2. There were greater treatment effects when treatment duration was more than six months and when the measurement was device-based. Anderson et al. [66] measuring screen time (mins/day) (10.17; 95% CI = −1.58, 21.92), Santina et al. [78] (13.80; 95% CI = −0.96, 28.56) and an alternative study by Amini et al. [60] measuring TV viewing (mins/day) (−3.00; 95% CI = −4.44, −1.56) found no significant effect, and all had very low precision.




3.7. Effects of Interventions on Changing Nutrition Behaviour


Eleven studies that aimed to enhance healthy dietary behaviour were included in the meta-analysis. Four RCTs including 1576 participants showed a non-significant increase in energy intake (kcal/day) (5.23; 95% CI = −77.83, 88.28). A separate meta-analysis was conducted in five studies (n = 4741) to investigate intervention effects on portions of fruit and vegetables consumed per day (0.05; 95% CI = −0.08, 0.17), and two studies examined fruit and vegetable intake (g/day) (10.45; 95% CI = −17.53, 38.43); all showed a non-significant increase in fruit and vegetable consumption. Although heterogeneity from the pooled analysis was low (I2 = 0%), the individual effects from the included studies were extremely inconsistent. All other planned subgroup analyses were non-contributory.




3.8. Effect of Interventions on Changing BMI and BMI z-Score


The overall effect size in 21 studies for BMI kg/m2 is summarised in Figure 3, and the overall effect size in 20 studies for BMI z-score is summarised in Figure 4. The quantitative synthesis of the interventions showed a small significant reduction in BMI (−0.39 kg/m2; 95% CI =−0.47, −0.30) kg/m2 in BMI and a small significant reduction in BMI z-score (−0.05; 95% CI = −0.08, −0.02) compared with the control group. Sensitivity analysis was conducted in studies measuring change from baseline rather than follow-up data in BMI (kg/m2) removal of Ford et al. [97] = (−0.49; 95% CI = −0.49, −0.31); removal of Llargues et al. [58] = (−0.39; 95% CI = −0.48, −0.30). Sensitivity analysis was conducted in two studies measuring change from baseline rather than follow-up data in BMI z-score (removal of Ford et al. [97] = (−0.05; 95% CI = −0.08, −0.02); removal of Llaurado et al. [103] = −0.06; 95% CI = −0.09, −0.03). Subgroup analyses indicated that means of BMI differed significantly by whether they targeted more than one obesity-related behaviour and interventions of more than six months in duration (Table 2). We identified one study as an outlier or influential with the leave-one-out analysis, and once the outlier was removed [94], the average treatment effect decreased (−0.02; 95% CI = −0.05, 0.01). Heterogeneity was also reduced when the outlier was removed (I2 = 57%).




3.9. Assessment of Publication Bias


A subjective evaluation of the funnel plot showed a slightly asymmetric scatter consistent with publication bias (Figure 5).





4. Discussion


This review and meta-analysis synthesised the evidence of the efficacy of school-based interventions at changing obesity-related behaviours among primary-school children. Meta-analysis results indicate that school-based interventions had a small significant effect in BMI (kg/m2) and BMI z-score compared with controls, but no significant effect on sedentary time, energy intake and fruit and vegetable intake was observed. Subgroup analyses found studies lasting more than six months targeting a change in MVPA were more effective than studies that were of a shorter duration. In addition, we found significant interaction between the interventions that targeted only one obesity-related behaviour and the effectiveness of changing BMI.



In this review, the overall effects in terms of BMI/BMI z-score and weight reductions were in favour of the intervention group, and these findings align with previous reviews of interventions that target childhood obesity [104,105]. Nevertheless, the sustainability of any reduction detected in BMI/BMI z-score is an important factor, and there is a need for a long-term follow-up [106]. Comparison of review findings must be examined with caution due to the varying eligibility criteria such as age of participants, study design and setting. Moreover, BMI as an outcome of these interventions may be relatively insensitive to change [107], and additional outcomes, such as the proportion of children who were in the control or intervention group who became overweight at the end of the study period, which may have been more applicable to judge the downstream efficacy of the behavioural interventions, were not always available.



The observed small effect of MVPA in favour of the control group suggests that interventions promoting MVPA may not be effective, and this supports previous research that also highlighted the varying effectiveness of school-based interventions at improving MVPA [33,38]. Many of the interventions included in the current review were multi-component interventions and targeted a change in PA. Previous reviews have also attempted to establish what components in obesity interventions work [104,108,109]; however, only general findings were revealed, and the reviews were not solely focused on primary-school children. Within the literature we reviewed, there were no associations found between intervention components and effectiveness in the multi-component interventions, and it was not possible to determine which were the most effective components within these interventions. In line with the findings by a recent review [110], it is possible that effective multi-component interventions were influenced by a combination of intervention components. Thus, the effect of combining components on intervention effectiveness ought to be the topic of further research.



Multi-component interventions that incorporate diet, PA and SB-change components were not as effective as the single-component interventions at changing obesity-related behaviours in primary-school children. This is in contrast to the findings of a systematic review [108] that found that multi-component interventions (nutrition and PA), a single nutrition intervention and TV reduction were equally effective at achieving weight reduction in children and adolescents. However, in the Katz et al. [108] review, only a few studies (n = 8) were presented to adequately evaluate these strategies, and the robustness of these findings is limited due to the high degree of heterogeneity. More recently, a systematic review investigating interventions for the prevention of childhood obesity found low-certainty evidence that a combination of a diet and PA intervention reduced BMI z-score compared to the control group [45]. In contrast to the present review, Brown et al. [45] had a broader scope of included interventions, including those from the home and community, as well as the school setting. The efficiency of combined diet and PA school-based interventions to prevent obesity remains equivocal. For the current body of evidence, interventions based only on dietary improvement components were not associated with any increased efficacy in relation to nutrition behaviour, and this was consistent with other reviews [45,110]. The lack of effect observed for nutritional interventions may be construed by poor adherence to dietary interventions or the intricate interplay of intervention components.



No previous research has explored whether obesity-related outcomes were altered by theoretically driven school-based interventions solely in primary-school children. Over half of the included studies in this review did not specify the use of a behaviour change model or theory, and subgroup analyses inferred a significant effect on BMI z-score for interventions that were not underpinned by behaviour change theory; however, the effect size was small but statistically significant. In most of the included studies that included a behaviour change model or theory, often a theoretical framework was only stated, rather than something that was used specifically in the intervention formulation which is highlighted in previous research [111]. Our review found no clear trend regarding a theory-based approach being more effective than interventions that were not based on a specific theory framework. In line with the current review, a previous review also found an insufficient amount of evidence that interventions underpinned by theory were more effective than those with no specified theory in after-school PA interventions [42].



The lack of a clear link between using a behaviour change model or theory and intervention effectiveness could be in part due to differences in the implementation of the underpinning theory within the interventions. Schools confront many challenges in converting evidence-based interventions into routine practice, for example: funding, school climate, resources, teacher self-belief, curriculum demands and implementation support [112]. Many theories, frameworks and models have been implemented in the trials included in this review. However, few interventions stated theoretical fidelity, which prevents direct inferences being made between intervention effectiveness and the underpinning theory [113]. For example, a recent systematic review reported that several barriers exist in the adoption, application and the integration of new PA interventions in schools [114]. In order to face this challenge, future interventions need to establish the exact links from theory to implementation as poor application of the theory may well be the reason of the lack of success in some interventions [115]. Understanding the implementation of interventions is essential, as interventions need to be planned, designed and delivered for use in real-world settings to have a population wide impact [116].



These findings reinforce that despite diversity of school-based interventions, the overall effect is promising in preventing weight gain among otherwise healthy children. Although difficult to compare outcomes between the studies included in this review due to the differing nature of the study design, target population and selected primary outcomes, the outcome of the analysis demonstrates the potential for school-based obesity prevention interventions. Nevertheless, it is challenging that so few studies were successful in increasing PA along with improving nutrition and/or reducing SB. Findings of the review should be interpreted in the context as the details of intervention characteristics varied considerably between interventions. Due to the considerable heterogeneity across paediatric obesity prevention interventions, with regards to certain interventions used (e.g., number, type and length), behavioural targets of the interventions and the measurement of outcomes, it is vital for authors to adopt an appropriate research design. Authors should provide adequate detail about their treatment strategies, theoretical basis and components and intensity of the interventions, as well as any implementation and assessment of programme fidelity, as this may be a promising approach for future intervention attempts.



Though school-based interventions have been proposed as being the most promising setting to tackle childhood obesity [31], the observed small effect exemplifies the difficulties and challenges positively impacting children’s obesity-related behaviours through the school setting. More research is required in the field on the impact of these interventions for long-term (e.g., more than one academic school year) obesity-related behaviour change. Few studies provided sufficient information for meta-analysis, and in some cases, it was necessary to rely on authors’ reporting of significant or non-significant effects on the interventions. Thus, these future studies should consider assessing a range of behaviours using validated objective measures and use standardised reporting of key outcomes (e.g., nutrition, sedentary and PA changes). Further research is required of school-based interventions in lower-income countries. From currently available evidence, it appears that long-term impact (e.g., more than one academic school year) of primary school-based interventions on maintenance of obesity-related behaviours needs further examination along with methodological rigor in the description and measurement of the target behaviours.



Collectively, the findings from this review provide a comprehensive evaluation of the literature on the impact of interventions on lifestyle behaviours deemed essential in the prevention of childhood obesity.



Strengths and Limitations


This review contributes to the existing evidence base, as it is the first systematic review to assess the effectiveness of school-based interventions targeting obesity-related behaviours in primary-school children. The findings should be interpreted with caution considering the following limitations. First, the high level of heterogeneity detected across the included studies, which is a common finding amongst multi-component obesity interventions, limits the robustness of these findings. Pooled results indicate high levels of inconsistency across the included RCTs, and the majority of the analyses remained largely unexplained despite a large set of planned subgroup analyses. Therefore, the inconsistency is likely the result of variability in participants, settings, intervention components, outcomes and trial design. Heterogeneity of outcome measures is combined by heterogeneity of intervention methods, which consequently meant that extracting the data and findings was quite challenging.



Studies included in this review were restricted to English full-text publications, and it is therefore possible some relevant non-English studies were overlooked. Researchers had to rely on limited descriptions of interventions to classify the studies, and precisely assessing the contents of some interventions was difficult due to inconsistent reporting. The review did not investigate whether studies were powered using behavioural outcomes, and future systematic reviews should consider whether interventions were powered for the behavioural outcome. Although the overall systematic review identified 48 studies, when sub-group analyses were undertaken, included studies were limited (i.e., based on 1–15 studies), and as a result, it was not possible to examine whether the findings of potentially effective intervention components were influenced by device-based or self-reported measurements. Since the present review only included RCTs and cRCTs, these will, as a result, not address any complex interplay between behaviours and real-world settings. Nevertheless, the results of RCT study designs are valuable and are considered the gold standard [117]. Lastly, while the review attempted to separate out the most effective components, several studies comprised numerous complementary components that were not assessed individually.



This review is one of the first to use meta-analyses and subgroup analyses to systematically review several studies and analyse the potentially effective components of school-based interventions for preventing obesity in primary-school children.





5. Conclusions


Significant intervention effects were found between groups in BMI kg/m2 and BMI z-scores; nevertheless, the findings were inconsistent, and the heterogeneity observed across all outcomes was not explained by subgrouping. Furthermore, the meta-analyses of the included interventions to prevent childhood obesity showed significant overall effects on BMI, but inconclusive results were found regarding MVPA, SB and nutrition behaviour compared with the control condition. This review highlights the need to better understand how implementation of multi-component interventions deals with various intervention targets—perhaps it is just too much for schools to take on. It is important that future research investigates whether consecutive rather than concurrent sequencing of delivery is better. To conclude, our findings suggest that the chance of success is greater in a single-component intervention that only targets one obesity-related behaviour. It is important policy makers continue to recognise the school setting as a vehicle for tackling childhood obesity.
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Figure 1. Flowchart of study selection. 
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Figure 2. Summary of assessment of risk of bias (n = 48). 
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Figure 3. Forest plot for standardised mean difference of change in BMI (kg/m2) between intervention and control groups of school-based interventions in primary school children. 
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Figure 4. Forest plot for standardised mean difference of change in BMI z-score between intervention and control groups of school-based interventions in primary school children. 
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Figure 5. Assessment of publication bias: funnel plot (BMI z score). 
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Table 1. Characteristics of included interventions targeting a change in obesity-related behaviours and/or body mass index (n = 48).
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Study, Year

	
Outcomes

	
PA

	
SB

	
Theory Based

	
Duration

(>6 Months)




	
PA

	
SB

	
NB

	
BMI

	
Device-Based

	
Self-Report

	
Device-Based

	
Self-Report






	
Adab et al., 2018 [65]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	

	
✓




	
Amini et al., 2016 [60]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	

	




	
Anderson et al., 2016 [66]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓




	
Angelopoulos et al., 2009 [87]

	
✓

	

	
✓

	
✓

	

	
✓

	

	

	
✓

	




	
Bacardí-Gascon et al., 2012 [80]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	

	
✓

	
✓

	




	
Bere et al., 2014 [102]

	

	

	
✓

	
✓

	

	

	

	

	

	
✓




	
Brandstetter et al., 2012 [99]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓

	
✓




	
Donnelly et al., 2009 [83]

	
✓

	

	

	
✓

	
✓

	

	

	

	

	
✓




	
Drummy et al., 2016 [61]

	
✓

	

	

	
✓

	
✓

	

	

	

	

	




	
Efstathiou et al., 2016 [81]

	
✓

	
✓

	
✓

	

	

	
✓

	

	
✓

	

	
✓




	
Engelen et al., 2013 [67]

	
✓

	
✓

	

	
✓

	
✓

	

	
✓

	

	

	




	
Fairclough et al., 2013 [68]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	




	
Farmer et al., 2017 [84]

	
✓

	

	

	
✓

	
✓

	

	

	

	

	
✓




	
Ford et al., 2013 [97]

	
✓

	

	
✓

	
✓

	
✓

	

	

	

	

	




	
Habib-Mourad et al., 2020 [77]

	
✓

	

	
✓

	

	

	
✓

	

	

	
✓

	
✓




	
Howe et al., 2011 [59]

	
✓

	

	

	
✓

	
✓

	

	

	

	

	
✓




	
Kain et al., 2014 [92]

	
✓

	

	

	
✓

	
✓

	

	

	

	

	
✓




	
Khan et al., 2014 [98]

	

	

	
✓

	
✓

	

	

	

	

	

	
✓




	
Kobel et al., 2014 [63]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓

	
✓




	
Kobel et al., 2017 [64]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓

	
✓




	
Kocken et al., 2016 [91]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	

	
✓

	
✓

	
✓




	
Lau et al., 2016 [85]

	
✓

	

	

	
✓

	
✓

	

	

	

	

	




	
Li et al., 2019 [69]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓




	
Liu et al., 2019 [101]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓

	
✓




	
Llargues et al., 2011 [58]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	

	
✓




	
Llaurado et al., 2014 [103]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	

	
✓




	
Lloyd et al., 2018 [100]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓




	
Lynch et al., 2016 [56]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	

	
✓

	

	




	
Madsen et al., 2015 [70]

	
✓

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	

	
✓




	
Marcus et al., 2009 [57]

	
✓

	

	
✓

	
✓

	
✓

	

	

	

	

	
✓




	
Martinez-Vizcaino et al., 2014 [71]

	
✓

	
✓

	

	
✓

	
✓

	

	
✓

	

	
✓

	
✓




	
Nathan et al., 2020 [72]

	
✓

	
✓

	

	

	
✓

	

	
✓

	

	
✓

	
✓




	
Nickel et al., 2020 [96]

	

	

	
✓

	
✓

	

	

	

	

	

	
✓




	
O’Leary et al., 2019 [86]

	
✓

	

	

	
✓

	
✓

	

	

	

	
✓

	
✓




	
Rausch Herscovici et al., 2013 [94]

	

	

	
✓

	
✓

	

	

	

	

	

	
✓




	
Resaland et al., 2016 [73]

	
✓

	
✓

	

	
✓

	
✓

	

	
✓

	

	
✓

	
✓




	
Rosario et al., 2017 [88]

	
✓

	

	

	
✓

	

	
✓

	

	

	
✓

	




	
Sacchetti et al., 2013 [75]

	
✓

	
✓

	

	
✓

	

	
✓

	

	
✓

	

	
✓




	
Santina et al., 2020 [78]

	
✓

	
✓

	

	
✓

	

	
✓

	

	
✓

	
✓

	




	
Scherr et al., 2017 [93]

	

	

	
✓

	
✓

	

	

	

	

	
✓

	
✓




	
Seljebotn et al., 2019 [74]

	
✓

	
✓

	

	
✓

	
✓

	

	
✓

	

	

	
✓




	
Siegrist et al., 2013 [89]

	
✓

	

	

	
✓

	

	
✓

	

	

	

	
✓




	
Tarro et al., 2014 [76]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	

	
✓




	
Telford et al., 2016 [62]

	
✓

	
✓

	

	
✓

	
✓

	

	
✓

	

	

	
✓




	
Viggiano et al., 2018 [90]

	
✓

	

	
✓

	
✓

	

	
✓

	

	

	

	




	
Wells et al., 2014 [82]

	
✓

	
✓

	

	

	
✓

	

	
✓

	

	

	
✓




	
Williamson et al., 2012 [79]

	
✓

	
✓

	
✓

	
✓

	

	
✓

	

	
✓

	
✓

	
✓




	
Xu et al., 2015 [95]

	
✓

	

	
✓

	
✓

	

	
✓

	

	
✓

	
✓

	
✓








Abbreviations: PA = physical activity, SB = sedentary behaviour, NB = nutrition behaviour.
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Table 2. Effectiveness of interventions at changing obesity-related behaviours and BMI/BMI z-score.
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Outcome 1: MVPA (mins/day)

	
Studies (n=)

	
INT (n=)

	
C (n=)

	
I2

	
MD (95% CI)






	
Device-measured

Self-reported

MVPA min/day (≤6 months)

MVPA min/day (>6 months)

Theory-based

	
16

	
4523

	
3921

	
41%

	
1.53 (0.49, 2.57)




	
2

	
372

	
361

	
0%

	
12.37 (8.51, 16.22)




	
4

	
280

	
285

	
0%

	
4.84 (0.81, 8.88)




	
14

	
4546

	
3997

	
74%

	
1.89 (0.09, 3.40)




	
9

	
3481

	
3102

	
74%

	
2.19 (0.04, 4.34)




	
No theory

	
9

	
1414

	
1266

	
49%

	
2.15 (−0.53, 4.82)




	
Outcome 2: SB (mins/day)

	
Studies (n=)

	
INT (n=)

	
C (n=)

	
I2

	
MD (95% CI)




	
Device-measured

Self-reported

ST min/day (≤6 months)

ST min/day (>6 months)

Theory-based

	
11

	
3966

	
3456

	
55%

	
−0.91 (−2.30, 0.48)




	
1

	
40

	
52

	
N/A

	
1.40 (−25.95, 28.75)




	
2

	
186

	
192

	
0%

	
1.29 (−5.67, 8.24)




	
10

	
3820

	
3316

	
59%

	
−1.00 (−2.42, 0.42)




	
6

	
3091

	
2691

	
20%

	
−0.46 (−1.93, 1.02)




	
No theory

	
5

	
915

	
817

	
65%

	
−4.51 (−8.68, −0.34)




	
Outcome 3: BMI z-score

	
Studies (n=)

	
INT (n=)

	
C (n=)

	
I2

	
MD (95% CI)




	
Only targeting one outcome

	
6

	
1659

	
1719

	
99%

	
−0.21 (−0.28, −0.14)




	
Targeting > 1 outcome

≤6 months

>6 months

Theory-based

No theory

	
14

	
7009

	
65,552

	
53%

	
−0.01 (−0.05, 0.02)




	
4

	
624

	
591

	
0%

	
−0.01 (−0.12, −0.10)




	
16

	
8044

	
7680

	
96%

	
−0.05 (−0.09, −0.02)




	
9

	
4504

	
4580

	
66%

	
−0.03 (−0.07, 0.01)




	
11

	
4164

	
3691

	
97%

	
−0.08 (−0.13, −0.03)




	
Outcome 4: BMI (kg/m2)

	
Studies (n=)

	
INT (n=)

	
C (n=)

	
I2

	
MD (95% CI)




	
Only targeting one outcome

Targeting > 1 outcome

≤6 months

>6 months

Theory-based

No theory

	
7

	
2339

	
2273

	
14%

	
−0.02 (−0.21, −0.18)




	
14

	
4977

	
4512

	
89%

	
−0.48 (−0.58, −0.38)




	
6

	
656

	
632

	
83%

	
−0.85 (−0.99, −0.72)




	
15

	
6660

	
6153

	
60%

	
−0.04 (−0.15, 0.08)




	
7

	
2659

	
2683

	
67%

	
−0.19 (−0.36, −0.02)




	
14

	
4657

	
4102

	
89%

	
−0.46 (−0.56, −0.36)








Abbreviations: INT = intervention, C = control, MVPA = moderate-to-vigorous physical activity, SB = sedentary behaviour, ST = sedentary time, MD = mean difference, BMI = body mass index.
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