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Abstract

Background There is emerging evidence for positive

associations between physical activity (PA), fitness, and

fundamental movement skill (FMS) competence, for both

children and adolescents. Current reviews of interventions

to improve these variables note few studies conduct follow-

up assessments to assess behavior maintenance.

Objective The aim of this systematic review was to

determine whether typically developing children and ado-

lescents (aged 3–18 years) who have participated in

school-based interventions have sustained outcomes in PA,

fitness, and/or FMS.

Methods A systematic search of six electronic databases

(CINAHL� Plus with Full Text, Ovid MEDLINE�,

SPORTDiscusTM, Scopus, PsycINFO� and ERIC) was

conducted from 1995 to 26 July 2012. Included studies

were school-based studies (including randomized

controlled trials, longitudinal cohort, quasi-experimental,

and experimental) that had a positive effect at post inter-

vention in at least one variable and had a follow-up PA,

fitness, or FMS assessment at least 6 months after the post-

intervention assessment. Risk of bias assessment was gui-

ded by the ‘‘Preferred Reporting Items for Systematic

Reviews and Meta-Analyses’’ statement.

Results The search identified 14 articles, and some

studies addressed multiple outcomes: 13 articles assessed

PA; three assessed fitness; and two assessed FMS. No study

in this review met four key methodological criteria that

have been shown to influence results, i.e., clarity on the

randomization process, assessor blinding, analyzing par-

ticipants in their original groups, and retaining sufficient

participants through the entire study. Three-quarters (ten of

13) of the studies addressing PA, reported PA behavior

change maintenance. The length of follow-up ranged from

6 months to 20 years, and the degree of PA difference

reported was between 3 and 14 min per day. Only one of

the three studies assessing fitness reported a sustained

impact, whilst both studies that assessed FMS reported

maintenance of effects.

Conclusion It is likely that PA is a sustainable outcome

from interventions in children and adolescents, and there is

reasonable evidence that interventions of longer than

1 year and interventions that utilize a theoretical model or

framework are effective in producing this sustained impact.

It would seem probable that FMS are a sustainable out-

come in children and adolescents; however, this finding

should be viewed with caution given the lack of studies and

the risk of bias assessment. More research is needed to

assess the sustainability of fitness interventions as this

review only included a handful of studies that addressed

fitness and only one of these studies found a sustained

impact.
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1 Introduction

Insufficient physical activity (PA) is a global health issue

[1, 2]. According to newly collated data from 105 coun-

tries, 80 % of youth aged 13–15 years did not meet the

recommended public health guidelines of 60 min of PA

per day [3]. A recent study of 10- to 12-year-old European

children also reported that 83 % of boys and 95 % of girls

did not meet recommended PA guidelines (60 min/day)

[4]. Similarly, a longitudinal study conducted in the USA

found that by age 15, 69 % of adolescents did not meet

the recommended guidelines for PA (60 min/day) on

weekdays and 83 % did not meet the guidelines on

weekends [5]. As PA participation may promote various

aspects of physical fitness, and fitness may be a stronger

predictor of health than PA [6, 7], there is concern

regarding declining youth fitness levels. Data collected

between 1958 and 2003 for 6- to 19-year-olds from 27

countries found that aerobic performance had declined

substantially since 1970 [8].

An important factor associated with young people’s PA

and fitness levels is their fundamental movement skill

(FMS) competence. As context-specific skill development

is another form of PA, particularly in younger children’s

leisure activity behaviors, it is an important aspect of PA in

its own right. There is a growing body of evidence sup-

porting the association between FMS, PA, and various

aspects of health-related fitness. Lubans et al. [9] con-

ducted the first systematic review in this area and generally

found strong evidence for positive associations between

FMS competence, PA, and fitness for both children and

adolescents. Other research also supports an association

between FMS and PA [10, 11] and FMS and fitness [12,

13]. This suggests that in order to understand how young

people’s health may be synergistically affected by these

three factors, researchers need to understand how amenable

they are to change via intervention.

Stodden et al. [14] proposed a developmental model that

hypothesizes reciprocal relationships between PA, health-

related fitness and actual and perceived FMS competence.

The model also hypothesizes that the cumulative effect of

factors within the model would be associated with a heal-

thy weight status over time. Recent cross-sectional [15–18]

and longitudinal data [19, 20] support this notion. It is

hypothesized that synergistic positive trajectories of each

factor over time will result in a healthy weight status,

whereas a negative trajectory will lead to a higher preva-

lence of overweight/obesity [13, 14, 20–22]. At the core of

the model is the reciprocal nature of the association

between PA and the development of FMS competence. In

the early childhood years, children who are physically

active initially improve their capability to control and

coordinate their center of mass and extremities in a gravity-

based environment that promotes the attainment of ‘motor

milestones,’ specifically posture-based movement and

locomotor skills (e.g., upright posture, crawling, walking,

running) [14, 23]. However, as FMS development pro-

gresses over time, children’s PA levels may be partially

attributed to their actual FMS competence and related

choices of activities, which are also linked to their per-

ceptions of competence, success, and intrinsic motivation

to participate [14, 24]. In effect, actual FMS competence

may become a primary determinant of PA [14]. Health-

related fitness is described as a mediator to this central

relationship as levels of various aspects of fitness (i.e.,

muscular strength/endurance and cardiorespiratory endur-

ance) are also associated with the development and per-

formance of FMS [13, 14, 25–30].

Thus, it is not surprising that these outcomes have been

the focus of numerous preschool and school-based inter-

ventions with associated multiple systematic reviews [31–

37]. What is notable throughout these reviews is the gen-

eral consensus that intervention studies need to conduct

long-term follow-ups beyond post-intervention testing to

assess intervention effect maintenance [9, 31–34, 36, 38]. It

is suggested the ultimate goal of any intervention that aims

to change behavior and improve outcomes ought to be

maintenance, and that evidence of sustained improvements

should be compiled. This supposition is supported by

health promotion frameworks such as the ‘‘Bangkok

Charter’’ [39] and the understanding that achieving long-

term outcomes is a key consideration when planning health

promotion programs [40]. An intervention that has been

proven to be effective in the long-term has implications for

policy decisions, government spending, and ultimately the

health of children and adolescents as they progress to

adulthood [32, 41].

Maintaining PA behavior across childhood is especially

important, given the age-related decline that currently

occurs during the transition from childhood to adolescence

[5, 42]. Of equal concern is that a continued decline in PA

during adolescence is then more likely to translate to low

PA during adulthood [43]. Taking into account the decline

in fitness and the relationship between these factors and

FMS [9], sustaining all three outcomes (i.e., PA, fitness,

and FMS) in children and adolescents is therefore

desirable.

To our knowledge, no published systematic reviews

have collated PA, fitness, or FMS intervention studies that

have a follow-up assessment that occurs beyond the

immediate intervention end point. Therefore, the objective

of this systematic literature review was to determine

whether PA, fitness, and FMS are sustainable outcomes in

typically developing children and adolescents who have

participated in school-based interventions measuring one

or more of these variables.
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2 Methods

2.1 Identification of Studies

A structured electronic literature search was conducted in

accordance with standards set forth in the ‘‘Preferred

Reporting Items for Systematic Reviews and Meta-Analy-

ses’’ (PRISMA) statement [44]. Six electronic databases

(CINAHL� Plus with Full Text, Ovid MEDLINE�,

SPORTDiscusTM, Scopus, PsycINFO� and ERIC) were

searched from 1995 to 26 July 2012, in order to identify PA,

fitness, or FMS intervention follow-up studies in typically

developing children and adolescents. The following search

strings were used: (physical activit* OR motor skill* OR

exercise* OR movement skill* OR fitness) AND (child* OR

adolescen* OR student*) AND (school* OR preschool* OR

kindergarten OR education*) AND (intervention* OR pro-

gram* OR stud*) AND (sustain* OR follow-up OR long

term OR long-term). These strings were further limited to

those aged 3–18 years and English language. Only articles

published in peer-reviewed journals were considered.

In addition to identifying studies through the database

search, studies from authors’ own bibliographic libraries

were assessed for possible inclusion. After duplicate

removal, studies were initially assessed by screening titles

and abstracts. If suitability could not be determined during

this process, full-text articles were accessed and compared

against inclusion criteria. The reference lists of retrieved

full-text articles and other systematic reviews were also

examined for relevant studies.

2.2 Selection Criteria

Four authors (SKL, LMB, SAC, and DRL) independently

assessed the eligibility of studies for inclusion using the

following criteria:

1. Participants were aged 3–18 years. Studies describing

interventions targeting children and/or adolescents

with specific diseases or health problems were

excluded (e.g., cerebral palsy, obesity).

2. Interventions were primarily preschool or school

based. Interventions that were predominantly pre-

school or school based but had take-home components

were included.

3. Interventions aimed to improve and assess PA, fitness,

or FMS. Studies that did not aim to improve and assess

at least one of these outcomes were excluded.

4. Intervention duration was greater than or equal to

4 weeks.

5. Studies used a control group, as the causal relationship

between an intervention and its desired outcomes is

best demonstrated using the comparison of a control

and intervention group [45].

6. Studies reported a significant intervention effect

between intervention and control groups for the

outcomes of interest at post-intervention testing.

7. Studies described follow-up intervention and control

group PA and/or fitness and/or FMS assessment data.

Follow-up assessment was defined as data collection

that occurred at least 6 months after post-intervention

testing. Previous research has considered this to be

adequate time to assess maintenance [32] and the

transtheoretical model suggests that maintenance of

behavior is achieved after a 6-month period [46].

8. Interventions that solely comprised changes to the

school built environment were not included as there

was no defined intervention period and therefore it was

not possible to distinguish between post-intervention

and follow-up assessments.

2.3 Criteria for Risk of Bias Assessment

Two authors (DRL and PJM) independently assessed the

risk of bias of the included studies using the methodolog-

ical items as defined in Table 1. Each item was coded as

‘explicitly described and present’ (4), ‘absent’ ( ), or

Table 1 Methodological quality checklist

A Randomization (generation of allocation sequence, allocation concealment and implementation) clearly described and adequately completed

B Valid measures of PA, FI, or FMS (validation in same age group has been published or validation data were provided by the author)

C Blinded outcome assessment (positive when those responsible for assessing FMS proficiency were blinded to group allocation of individual

participants)

D Participants analyzed in the group they were originally allocated to, and participants not excluded from analyses because of non-compliance to

treatment or because of some missing data

E Covariates accounted for in analyses (e.g., baseline score, group/cluster for cluster RCTs, and other relevant covariates where appropriate, such as age

or sex)

F Power calculation reported for primary outcome (i.e., PA, FI, or FMS)

G Presentation of baseline characteristics separately for treatment groups (age ? sex ? at least one outcome measure)

H Dropout for primary outcome described, with B30 % dropout at follow-up

I Summary results for each group ? estimated effect size (difference between groups) ? its precision (e.g., 95 % confidence interval)

FI fitness, FMS fundamental movement skills, PA physical activity, RCT randomized controlled trial
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‘unclear or inadequately described’ (?). Inter-rater reli-

ability was calculated on a dichotomous scale (4 = 1 vs.

or ? = 0) using percentage agreement. Depending on the

study design, some items were coded as not applicable (N/

A) and were not included in agreement calculations. Dis-

agreements between authors were resolved by discussion.

The risk of bias assessment was guided by recommen-

dations made in the PRISMA statement [47]. As suggested

in the PRISMA statement, the methodological items cho-

sen to assess risk of bias were selected on the basis of the

type of studies included in the review and empirical evi-

dence [47]. The individual items were not numerically

summarized to give a final score, rather each criterion was

considered in isolation [47]. Criteria A, C, D, and H were

regarded as the most significant items in which bias could

have an impact on results [47, 48].

2.4 Categorization of Sustained Impact

Sustained impact was defined as a statistically significant

difference in the outcomes of interest (PA, fitness, FMS)

between the intervention group and the control group at

follow-up. It was still considered a sustained impact if only

one of the sub-populations tested (i.e., just females) had a

significant difference between the intervention and control

groups. Each included study was summarized according to

its relevant intervention components, rather than simply a

division between those studies with a sustained impact and

those without. This allowed for a clear representation of

those studies that had two outcomes of interest, but may

have only found a sustained impact in one of them. In order

to quantify sustained impact, the percentage of studies in

which intervention groups still demonstrated significant

effects at follow-up was calculated for each outcome of

interest.

3 Results

3.1 Overview of Study Characteristics

The identification of studies followed the PRISMA

guidelines (Fig. 1). Fourteen studies were included in the

final review, and their characteristics are summarized in

Table 2. A wide variety of countries were represented in

the reviewed studies, including: Australia [49, 50], Canada,

[51–53] Crete [54, 55], England [56], Hong Kong [57], Iran

[58], Norway [59], Poland [60], and the USA [61, 62].

Baseline sample sizes ranged from 161 [58] to 5,106 par-

ticipants [62], and the mean participant age at baseline

ranged from 6.3 years [54, 55] to 14.8 years [58].

Eleven interventions were conducted with elementary

school aged children [49–57, 61, 62] and three with

adolescents [58–60]. The majority of studies targeted PA

(13/14). Nine studies targeted PA in isolation [52, 53, 55–

59, 61, 62], two studies targeted PA in combination with

fitness [54, 60], and two studies targeted PA in combina-

tion with FMS [49, 50]. One study addressed fitness in

isolation [51].

3.2 Overview of Intervention Components and Follow-

up Length

Intervention methods and the results of each study at both

post-intervention and follow-up data assessment are sum-

marized in the Electronic Supplementary Material, Table

S1. Intervention duration ranged from 6 weeks [57] to

6 years [51–55]. The lowest percentage of the original

sample retained at follow-up was 24.4 % [51] and the

highest was 100 % [58]. Three studies had a follow-up

length of 12 months or less [50, 57, 58], and 11 studies had

a follow-up length greater than 12 months [49, 51–56, 59–

62].

3.3 Risk of Bias Assessment

The risk of bias assessments for the included studies are

summarized in Table 3. Inter-rater reliability indicated

adequate percentage agreement (94 %) for the 126 items.

Nine of the 14 studies used a valid measure for PA, fitness,

or FMS [49–51, 54, 56–58, 60, 62], with PA representing

the most commonly reported item across the studies.

Assessor blinding was reported in two studies [50, 62], and

in only three studies, participants were analyzed in their

allocated group and not excluded because of missing data

or non-compliance [50, 56, 62]. Six studies adequately

accounted for covariates in their analysis [50, 54, 56, 59,

61, 62], and only one reported a power calculation for one

of the outcomes of interest [57]. One study reported a

power calculation for BMI, which was not one of the

outcomes of interest, and thus it was not taken into account

during the risk of bias assessment [50]. Baseline charac-

teristics were adequately reported in only one study [58],

and summary results, effect size, and precision were

reported in only one study [62]. Adequate retention

(B30 % dropout at follow-up) was reported in four studies

[56–58, 62]. Of the six randomized controlled trials, only

two clearly described and adequately completed the ran-

domization process [57, 60].

3.4 Physical Activity

PA was an outcome of interest at follow-up in 13 (93 %) of

the included studies [49, 50, 52–62]. A summary of the

studies that found a sustained impact at follow-up is found

in Table 4.
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3.4.1 Sustained Impact

At follow-up data assessment (ranging from 6 months to

20 years), ten (77 %) of the 13 studies that measured PA

reported a sustained impact in one or more of the PA

variables [50, 52–55, 58–62]. Two studies reported a sus-

tained impact for females only [52, 53] and one study for

males only [55]. One study had two different intervention

groups, but a sustained impact was only found for one of

them [58]. A sustained PA impact was found in the fol-

lowing variables: moderate-to-vigorous PA (MVPA) in

minutes per week [54, 55]; frequency of vigorous PA

(VPA) in a week [52, 53, 59]; VPA in minutes per day [50,

62]; PA in minutes per day averaged across a 6-day period

[58]; moderate PA in minutes per day [50]; number of days

per week in which children participated in leisure time PA

[60]; out of class exercise hours per week [61]; percentage

of participants meeting recommended PA guidelines [55];

and total step counts per day [50]. Nine studies used a self-

report method of assessment [52–55, 58–62], and one used

accelerometers [50].

The greatest difference for time spent in PA between

control and intervention groups at follow-up was a mean

value of 14 min per day, averaged across a 6-day period

[58]. When averaged across 7 days, Salmon et al. [50]

reported mean differences in PA ranging from 3 to 10 min

per day at follow-up. Other mean differences averaged

across 7 days reported between control and intervention

groups included 4 min [54], 5.5 min [61], 7 min [61], and

8 min [62].

Seven of the interventions were based upon a theoretical

model or framework [50, 54, 55, 58, 60–62] and the

Studies identified through database 
searching (n = 1,030)

Additional studies identified through other sources (e.g.
author's own bibliographic libraries) (n = 47)

Studies after 146 duplicates removed 
(n = 931) 

Studies (titles & abstracts) screened (n = 931) Studies excluded (n = 850)

Full-text studies excluded (n = 67)
Reasons:

• No follow-up control and intervention group physical activity, 
fitness or fundamental movement skills assessment data (n = 25)

• No significant intervention effect at post-intervention assessment 
(n = 8)

• Follow-up length less than six months (n = 5)

• Intervention duration less than four weeks (n = 5)

• No physical activity, fitness or fundamental movement skills 
assessment (n = 5)

• Intervention not primarily school or preschool based (n = 4)

• Program design without results (n = 4)

• No post-intervention end point assessment (n = 2)

• Study reports mid-intervention data only (n = 2)

• Adult participants (n = 1)

• Change to school built environment  (n = 1)

• No physical activity, fitness or fundamental movement skills 
intervention (n = 1)

• Physical activity data sourced from other study (n = 1)

• Physical activity, fitness or fundamental movement skills not the 
outcome of interest (n = 1)

• Other (n = 2)

Full-text studies assessed for eligibility 
(n = 81)

Studies included in review (n = 14)

Fig. 1 Study progression during inclusion/exclusion
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strategies utilized included health education [58, 59, 61],

physical education [52, 53, 60], a combination of health

education and physical education [54, 55, 62] and health

education and FMS lessons [50]. Intervention duration

ranged from 6 months [58] to 6 years [52–55].

3.4.2 No Sustained Impact

Three studies did not find a sustained impact for the out-

come of PA at follow-up (ranging from 6 months to

6 years) in any variable assessed [49, 56, 57]. The methods

of assessment utilized were self-report [49], heart rate

monitors [57], and a combination of pedometers and

accelerometers [56]. All three of the interventions were

based on a theoretical model or framework [49, 56, 57],

and the specific intervention strategies utilized were multi-

component [49, 56] and an intervention that provided

feedback about heart rate after participating in PA [57].

Intervention duration ranged from 6 weeks [57] to

12 months [49].

3.5 Fitness

Fitness was an outcome of interest at follow-up in three

(21 %) of the included studies [51, 54, 60]. A summary of

the studies that found a sustained impact at follow-up is

found in Table 4.

3.5.1 Sustained Impact

At follow-up data assessment, one of the three studies that

addressed fitness reported a sustained impact [60]. This

study had an intervention duration of 15 months and a

follow-up of 15 months. It involved a physical education

program based upon Hellison’s theoretical model [64], and

the fitness variables assessed included cardiovascular

endurance, muscular power, and muscular endurance.

3.5.2 No Sustained Impact

Two studies did not find a sustained impact for the out-

come of fitness at follow-up (ranging from 4 to 20 years)

[51, 54]. The fitness variables assessed in these studies

included cardiovascular endurance [54], and physical

work capacity, handgrip strength, flexibility, and abdom-

inal muscular endurance [51]. One of the interventions

was based on a theoretical model or framework [54], and

the strategies utilized included physical education [51]

and a combination of health education and physical

education [54].

3.6 Fundamental Movement Skills

FMS were the outcome of interest in two (14 %) of the

included studies, as shown in Table 4.

Table 2 Characteristics of included studies

Study Sample at baseline (F, M) Mean age

at baseline

Setting Country Study design

Barnett et al. [49] 1,045 children (F = 491, M = 554) 10.1 years School Australia Longitudinal cohort

Bronikowski and

Bronikowska [60]

369 adolescents (F = 170, M = 199) 13.2 years School Poland Randomized controlled

trial

Gorely et al. [56] 589 children (F = 302, M = 287) 8.8 years School England Experimental

Kelder et al. [61] 2,376 children (F = NR, M = NR) 6th grade School USA Longitudinal quasi-

experimental

Klepp et al. [59] 827 children and adolescents (F = NR,

M = NR)

12.5 years School Norway Randomized controlled

trial

Manios and Kafatos [54] 716 children (F = 378, M = 338) [55] 6.3 years [55] School Crete Longitudinal cohort

Manios et al. [55] 716 children (F = 378, M = 338) 6.3 years School Crete Longitudinal cohort

McManus et al. [57] 210 children (F = 105, M = 105) 10.4 years School Hong

Kong

Randomized controlled

trial

Nader et al. [62] 5,106 children (F = 2,461, M = 2,645) 8.8 years School USA Randomized controlled

trial

Salmon et al. [50] 311 children (F = 159, M = 152) 10 years

8 months

School Australia Randomized controlled

trial

Taymoori et al. [58] 161 adolescents (F = all) 14.8 years School Iran Randomized controlled

trial

Trudeau et al. [52] 546 children (F = 257, M = 289) [63] 7 years [63] School Canada Quasi-experimental

Trudeau et al. [53] 546 children (F = 257, M = 289) [63] 7 years [63] School Canada Quasi-experimental

Trudeau et al. [51] 546 children (F = 257, M = 289) [63] 7 years [63] School Canada Quasi-experimental

F female, M male, NR not reported
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3.6.1 Sustained Impact

Both studies reported a sustained impact at follow-up

(ranging from 6 to 12 months) [49, 50]. A sustained impact

was found in the following FMS: kicking [49, 50],

throwing [49, 50], catching [49], striking [50], sprinting

[50], and jumping [50]. Both interventions were based on a

theoretical model or framework [49, 50], and the strategies

were multi-component [49] and a combination of health

education and FMS lessons [50].

4 Discussion

4.1 Overview of Findings

The purpose of this systematic review was to determine

whether there is evidence of a sustained impact in PA,

fitness, and FMS as a result of interventions conducted in

education settings. Sustained impact was defined as a sta-

tistically significant difference in the outcomes of interest

(PA, fitness, FMS) between the intervention group and the

control group at follow-up. Of the 13 studies that had PA as

an outcome of interest at follow-up, ten found a sustained

impact. Whilst only one of the three studies that addressed

fitness at follow-up reported a sustained impact, both

studies that assessed FMS reported a sustained impact.

4.2 Risk of Bias

All included studies in this review were at risk of some

bias, as none of the studies met all four of the methodo-

logical criteria that have been shown to have the most

influence on results: the randomization process, assessor

blinding, analyzing participants in their original groups,

and retaining participants through the entire study [47, 48].

Adequate retention (B30 % dropout at follow-up) was only

reported in four of the included studies [56–58, 62], and

given the focus of the current review, this is of particular

concern.

4.3 Major Findings and Potential Contributors

to Sustained Impact

A recent review found that even a slight increase in PA is

associated with health benefits, especially in high-risk

children and adolescents, and may have an important

impact at the population level [65]. As such, the mean

differences in PA minutes per day from the current review

are encouraging, considering the duration of some of the

Table 3 Summary of risk of bias assessment of included studies

Study A B C D E F G H I

Barnett et al. [49] N/A 4 (PA) (PA)

(FMS) (FMS)

Bronikowski and Bronikowska [60] 4 4 (PA) (PA)

(FI) (FI)

Gorely et al. [56] N/A 4 (PA) 4 4 (PA) 4

Kelder et al. [61] N/A (PA) ? 4 (PA)

Klepp et al. [59] (PA) 4 (PA) ?

Manios and Kafatos [54] N/A 4 (PA) 4 (PA)

4 (FI) (FI)

Manios et al. [55] N/A ? (PA) (PA)

McManus et al. [57] 4 4 (PA) 4 (PA) 4

Nader et al. [62] 4 (PA) 4 4 4 (PA) 4 4

Salmon et al. [50] ? 4 (PA) 4 4 4 (PA) ?

? (FMS) ? (FMS)a

Taymoori et al. [58] 4 (PA) (PA) 4 4

Trudeau et al. [52] N/A ? (PA) (PA)

Trudeau et al. [53] N/A ? (PA) (PA)

Trudeau et al. [51] N/A 4 (FI) ? (FI)

‘A,’ ‘B,’ ‘C,’ ‘D,’ ‘E,’ ‘F,’ ‘G,’ ‘H,’ and ‘I’ are methodological quality checklist criteria. Please refer to Table 1 for their definitions

FI fitness, FMS fundamental movement skills, N/A not applicable, PA physical activity, 4 explicitly described and present, absent, ? unclear or

inadequately described
a Power calculation was conducted for BMI, which was the primary outcome of this study
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follow-ups. The greatest mean difference between inter-

vention and control groups was found to be 14 min per

day; however, this was averaged over 6 days, rather than

7 days [58]. Whilst this study had one of the shorter fol-

low-up lengths (6 months), it did meet the criteria for

adequate retention [58]. Another notable difference found

between intervention and control groups was 8 min of PA

per day [62]. This study had a follow-up length of 3 years,

yet it was the most robust study according to the risk of

bias assessment. It met three of the four criteria that can

have the greatest effect on results, including adequate

retention [62].

Based on a cursory assessment of intervention length

and the noted sustainability effects, it is likely that inter-

vention duration is related to sustained PA impact. Eight of

the ten studies that found a sustained impact for PA had

intervention durations of greater than 1 year [52–55, 59–

62]. In comparison, all three of the studies that produced no

sustained PA impact had interventions of 1 year or less [49,

56, 57]. This is consistent with previous recommendations

that longer intervention duration is required to affect PA

behavior in children [32]. This is also consistent with the

transtheoretical model and the understanding that a change

in behavior must be sustained for at least 6 months for it to

be considered behavior maintenance [46].

It is suggested utilizing a theoretical model may have

produced a sustained impact in PA. Seven of the inter-

ventions that reported a sustained impact on PA were based

on a theoretical model or framework [50, 54, 55, 58, 60–

62]. For instance, Taymoori et al. [58] reported the sus-

tained impact of their intervention on adolescent girls’ PA.

In a subsequent paper, they demonstrated that changes in

PA were mediated by changes in theoretical constructs

from the health promotion and transtheoretical models

[66]. This finding is consistent with the adult literature,

whereby theory-based PA interventions appear to be more

successful than atheoretical approaches [67, 68]. Although,

evidence for the importance of theory for guiding youth

interventions has been cited as less convincing [69] and all

three of the studies in the current review that did not find a

sustained impact on PA also cited a theoretical framework

[49, 56, 57]. Future research that examines the effective-

ness of different theoretical constructs as mediators of

change in youth PA, FMS, and fitness, particularly in the

long-term, should be a priority.

There is good evidence that FMS are a sustainable

outcome, as both studies that addressed FMS reported

significant differences between intervention and control

groups at follow-up assessment [49, 50]. Motor learning

theory proposes that once a skill has been learnt, an

Table 4 Summary of sustained

physical activity, fitness, and

fundamental movement skills

outcomes at follow-up

Intervention component Sustained

impact

Study Proportion of studies that

addressed this component

in which there was a

sustained impact

Physical activity Yes Bronikowski and Bronikowska

[60]

77 % (10/13)

Kelder et al. [61]

Klepp et al. [59]

Manios and Kafatos [54]

Manios et al. [55]

Nader et al. [62]

Salmon et al. [50]

Taymoori et al. [58]

Trudeau et al. [52]

Trudeau et al. [53]

No Barnett et al. [49]

Gorely et al. [56]

McManus et al. [57]

Fitness Yes Bronikowski and Bronikowska

[60]

33 % (1/3)

No Manios and Kafatos [54]

Trudeau et al. [51]

Fundamental movement

skills

Yes Barnett et al. [49] 100 % (2/2)

Salmon et al. [50]

No
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individual has acquired a relatively permanent change in

their ability to perform that skill [70, 71], and hence

maintenance would be expected. Both of the interventions

were conducted with elementary school aged children [49,

50], and this supports the notion that the elementary school

years are the optimal age to learn FMS [72, 73] and more

recent reviews that demonstrate interventions designed to

improve motor skill proficiency in children are effective

[74, 75]. Both studies also involved direct teaching strat-

egies for the outcome of FMS, and this method has been

shown to be successful when targeting FMS in children

[31]. However, considering the limited number of studies

in the current review and that adequate retention was not

demonstrated for follow-ups of 12 months [50] and 6 years

[49], these results should be viewed with caution. Addi-

tionally, one of these studies did not meet any of the four

methodological criteria that have been demonstrated to bias

results [49]. Therefore, it is suggested that these findings

would be enhanced by further research and that future FMS

intervention studies should conduct long-term follow-ups

with more rigorous experimental designs, especially in

relation to adequate retention.

Given that both studies assessed PA in conjunction with

FMS, this does have implications for the proposed

strengthening over time of the relationship between FMS

and PA [14]. For example, Salmon et al. [50] followed-up

their child participants (10- to 11-year-olds) after

12 months and found a sustained impact for both out-

comes. Extrapolating from the developmental model, it

would be expected that a higher level of PA would also be

evident in adolescents with better FMS, and previous

research does support this [76]. Barnett et al. [26] did find

this relationship between FMS and PA with a longitudinal

analysis, not distinguishing between control and interven-

tion participants. Given that this same relationship was not

found when examining for intervention and control dif-

ferences suggests that the Barnett et al. [49] study may not

have been adequately powered or the original intervention

may not have improved FMS sufficiently to find this

relationship.

4.4 Mixed Findings and Future Research Needs

The wide-ranging assessments of PA across studies (e.g.,

number of days per week in which children participated in

leisure time PA [60] and out of class exercise minutes per

week [61]) make it difficult to compare PA results across

studies. Previous research has found that MVPA is con-

sidered health enhancing and beneficial in terms of pro-

moting healthy weight in children and adolescents [35, 77–

79]. However, only two studies within the current review

that found a sustained impact on PA behavior used this

universally recognized variable to assess PA [54, 55]. It is

recommended that future studies utilize MVPA as their

unit of measurement. It is also worthwhile noting that nine

of the ten studies that found a sustained impact for PA used

a self-report method of assessment [52–55, 58–62]. The

reliance on measurements of a subjective nature (such as

self-report) when assessing PA is a concern that has been

highlighted by a previous review [80]. In support of that

finding, only four of the studies from the current review

that found a sustained impact for PA utilized a valid self-

report assessment tool according to the risk of bias

assessment [54, 58, 60, 62].

It is difficult to discuss the effectiveness of maintaining

fitness variables in youth as only one of the three studies

found a sustained impact [60]. Fitness is a characteristic

that requires on-going training of appropriate specificity to

be sustained and improved [81]. As the authors did not

provide specific details regarding the fitness content, dose,

and intensity of this intervention, it is hard to ascertain

what exactly produced the fitness maintenance results [60].

Given the lack of studies assessing fitness at follow-up,

reasons for a lack of sustained impact are also unknown. It

may be that interventions were not specific enough (e.g.,

combination of endurance, strength, and power exercises

without a focus on a particular dimension) or the dosage,

duration, and/or intensity of the exercise intervention was

not adequate to elicit statistically significant changes in

specific aspects of musculoskeletal fitness when compared

with the effect of growth and maturation changes associ-

ated with control groups. However, more research is nee-

ded to assess the sustainability of fitness interventions.

No PA, fitness, or FMS intervention studies conducted

in a preschool met the inclusion criteria of this review. It is

suggested that future research aims to determine whether

these outcomes are sustainable in preschool aged children.

4.5 Strengths and Limitations

This is the first systematic review of studies examining the

sustainability of PA, fitness, and FMS in children and

adolescents. A key strength of this review was the use of

the PRISMA statement to guide the structured electronic

literature search and the risk of bias assessment. Another

strength was the wide variety of countries in which the

studies were conducted.

However, a number of limitations have been identified.

A lack of studies meeting the inclusion criteria of this

review limit the conclusiveness of these results, especially

in the area of FMS and fitness interventions. The number of

included studies at risk of bias, especially in regard to

adequate retention, was also a concern. It is recommended

that in the future, experimentally designed studies adhere

to guidelines such as the ‘‘Consolidated Standards of

Reporting Trials’’ (CONSORT) [82] and ‘‘Transparent
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Reporting of Evaluations with Nonrandomized Designs’’

(TREND) [83] statements. The reliance on measurements

of a subjective nature in the included studies assessing PA

is another weakness, as suggested in a previous review

[80]. It has been argued that at least 12 months is required

to detect maintenance effects [34]. Had this more stringent

criterion been adopted, one study that found a sustained

impact would have been excluded from the current review

[58]. There was a theoretical basis for using the 6-month

maintenance criterion applied in the current review. The

transtheoretical model suggests that maintenance of

behavior change is achieved after a 6-month period [46].

As time and budget constraints often make longitudinal

studies less feasible, the number of studies eligible for the

final review may also have been limited by a stricter

inclusion criteria.

5 Conclusion

It is highly likely that PA is a sustainable outcome from

interventions in children and adolescents, with mean dif-

ferences of up to 14 min per day found between inter-

vention and control groups. There is reasonably strong

evidence that interventions of longer than 1 year and

interventions that utilize a theoretical model or framework

are effective in producing sustained impact. It would seem

probable that FMS are a sustainable outcome in children

and adolescents; however, this finding should be viewed

with caution given the lack of studies and the high risk of

bias in previous studies. More research is needed to assess

the sustainability of fitness interventions as this review

only included a handful of studies that addressed fitness

and only one of these studies found a sustained impact.

Future PA interventions should utilize an objective mea-

sure of MVPA as their unit of measurement, and more PA,

fitness, and FMS studies with long-term follow-ups should

be conducted, specifically focusing on preschool-aged

children.

Based on our findings and the lack of studies meeting

our inclusion criteria, there are a number of implications

for researchers, department of education authorities, and

healthcare providers. While a number of included studies

reported positive findings for a sustained impact on PA,

fitness, and FMS, a key challenge is ensuring the adoption

of programs within the school setting for the long term,

which is evidenced by the lack of follow-up studies

assessing these outcomes. Strategies to ensure promising

interventions are translated and sustained without

researcher support should be considered as well. However,

schools face considerable barriers to delivering quality PA

programs [84, 85]. For example, many countries employ

classroom teachers to deliver PE in elementary schools

[86] who lack the competence and confidence to deliver

programs, despite believing in the benefits of PA and PE

[87]. Given the primary school years are considered an

optimal time to develop FMS [72, 73], are a critical period

for PA behaviors [5, 42], and many studies do not conduct

post-intervention follow-ups, training, support, and

resources may need to be prioritized in the post-interven-

tion phase so interventions are implemented as intended

and benefits are consequently sustained and assessed.

Overall, it is important to understand whether PA, fit-

ness, and FMS interventions can have sustained effects, not

only on their respective attributes, but also in promoting

sustained trajectories of these factors across childhood,

adolescence, and even into adulthood. In addition, what is

it about interventions that may lead to these sustained

effects? As suggested by Stodden et al. [14], FMS com-

petence may be a key determinant of PA behavior across

time and the proposed synergistic relationships among

FMS, PA, and fitness may strengthen over time. It would

be important to investigate causal mechanisms relating to

the development of these factors, their influence on main-

tenance effects across time and also how they may impact

obesity [20–22], which is a major health issue associated

with each of these factors. If we can develop a better

understanding of how to develop and sustain adequate PA,

fitness, and FMS concomitantly, it would seem to be an

optimal strategy to promote positive and sustainable health

outcomes.
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