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ABSTRACT
This systematic review and meta-analysis examined the effectiveness of combined diet and physical activity interventions on 
changes in dietary and physical activity behaviors, and adiposity related outcomes in adolescents globally. PubMed, Embase, and 
Cochrane were searched for controlled interventions targeting dietary behaviors and physical activity in adolescents aged 10–19 
years at baseline and reporting on the outcomes of changes in dietary and physical activity behaviors. Behavioral outcomes were 
synthesized narratively, and meta-analyses were conducted for changes in adiposity related outcomes (e.g., BMI z-scores, body 
fat percentage). Thirty-six studies were included, most (79%) were conducted in high-income countries and delivered in school 
settings (n = 28, 78%). Ten interventions (28%) showed no effect on any behaviors, and 5 (14%) reported changing all behaviors 
targeted and assessed. Most (72%) interventions changed at least one of the behaviors assessed, and 39% changed one or more 
indicator of adiposity. In a subsample (k = 16), there was a nonsignificant reduction in BMI (SMD −0.11 [95% CI −0.26 to 0.04]; 
I2 = 90%), a significant moderate reduction in BMI z-score (k = 14) (SMD −0.62 [−1.09 to −0.16]; I2 = 99%), and in body fat percent-
age in favor of the intervention groups (k = 11) (SMD −1.32 [−2.22 to −0.42]; I2 = 99%). The evidence for interventions targeting 
both dietary and physical activity behaviors and their effect on behavior and adiposity in adolescents is largely inconsistent. The 
positive findings from few studies suggests that there is potential to improve some lifestyle behaviors and associated adiposity 
outcomes in adolescents. However, the current evidence is focussed on high income countries with little consideration given to 
potential inequities in the effects of interventions.

1   |   Background

Over the past four decades, the prevalence of obesity in chil-
dren and adolescents has increased more than tenfold globally 

and affects all regions of the world [1]. Obesity puts billions of 
pounds worth of burden on health services worldwide [2], and 
this coupled with health consequences for individuals pro-
vides strong rational for primary prevention. Adolescence has 
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been identified as a life stage that may play a critical role in the 
development and persistence of excess weight gain and anteced-
ents for other noncommunicable diseases [3]. Evidence suggests 
that independence in food and beverage choices increases [4], 
physical activity decreases [5], and sedentary time increases 
[6, 7] during adolescence. Therefore, focusing interventions on 
adolescents has been described as having a potential “triple ben-
efit” through improving the health and wellbeing of adolescents 
today, into adulthood, and for the next generation [8].

To reduce obesity prevalence, there is a need to better under-
stand the most effective ways of changing the behaviors that 
are driving obesity in adolescents. Previous systematic re-
views have summarized the impact of dietary interventions 
on changes in dietary behaviors [9] and adiposity related 
outcomes [10], as well as systematic reviews that summarize 
the impact of physical activity and sedentary behavior inter-
ventions on changes in physical activity  [11, 12], sedentary 
behavior [13], and adiposity related outcomes [14, 15]. These 
reviews, of mostly school-based interventions in high-income 
countries, suggest mixed evidence on the effectiveness of in-
terventions to improve individual behaviors [11, 15, 16] and 
marginal impact on adiposity outcomes [10, 15, 17]. Given that 
most adolescents engage in multiple unhealthy behaviors that 
place them at increased risk of poor health [18, 19], target-
ing multiple health behaviors, such as dietary behaviors and 
physical activity/sedentary behavior together, may be more 
effective at changing behavior and adiposity-related outcomes 
[20, 21]. However, to date, there has been a lack of systematic 
reviews of combined dietary and physical activity/sedentary 
behavioral interventions that report on changes in behavior 
as opposed to their effects on obesity related outcomes only 
[20, 21]. In a 2005 Cochrane review, findings from 14 youth 
obesity prevention studies that targeted physical activity and 
dietary change were summarized [22], with only one study 
reporting effectiveness at changing both dietary and physical 
activity behaviors, and this was only among girls. Updates 
of such reviews have reported on adiposity related outcomes 
and have not included evidence on the effect on changes in 
dietary and physical activity behaviors [20, 23]. This gap in 
the evidence limits our understanding of what works best to 
change these complex behaviors that are driving obesity rates. 
Furthermore, most reviews of behavioral interventions focus 
on effectiveness with few providing an evaluation of some 
of the key components of interventions [24] or reporting on 
information surrounding the equity of an impact of an inter-
vention (where an intervention may not be equally benefiting 
subgroups of individuals within the population) [12, 25]. This 
is essential information as interventions can in fact contrib-
ute to widening inequalities in health and health behaviors 
[12], due to, for example, the implementation, access, uptake, 
and compliance of interventions [26]. Detailing the active 
ingredients and intervention features of combined diet and 
physical activity interventions will help build cumulative ev-
idence towards delivering effective replicable interventions 
to positively change behavioral and obesity related outcomes. 
This systematic review, therefore, has a primary aim of syn-
thesizing the evidence on the effectiveness of interventions 
targeting both diet and physical activity on changes in diet 
and physical activity behaviors among adolescents globally. A 
secondary aim is to examine the effect of such interventions 

on adiposity-related outcomes if and where reported and to 
explore any equity effects, strategies, and key components of 
interventions that contribute to effectiveness.

2   |   Methods

This systematic review was registered with the International 
Prospective Register for Systematic Reviews ((PROSPERO) 
CRD42022315551) and is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [27].

2.1   |   Eligibility Criteria

We considered studies to be eligible for inclusion if they had 
conducted an intervention study with a usual practice control/
comparator group (e.g., randomized controlled trials; nonran-
domized controlled trials; pre/poststudies with a control), com-
prised adolescent participants aged between 10 and 19 years at 
baseline of the study, and evaluated combined dietary and phys-
ical activity interventions that reported quantitative data related 
to change (from pre to postintervention/follow-up) in any do-
main of physical activity and change in any domain of dietary 
behavior. Table 1 lists the inclusion and exclusion criteria.

2.2   |   Search Strategy

Searches of electronic databases (PubMed, Embase, and 
Cochrane) were conducted between February 2022 and July 
2023. The search strategy was developed using the population, 
intervention, comparison/control, outcome (PICO) model: pop-
ulation (adolescents aged 10–19 years), intervention (combined 
dietary and physical activity interventions with a C: compari-
son/control group), and behavioral outcomes (e.g., any quan-
titative outcomes of physical activity and dietary behaviors). 
Supplementary searches were conducted that included manual 
searches of personal files, and screening reference lists of pri-
mary studies and identified review articles (e.g., [20]) for titles 
that included the key terms. Each of the three databases were 
searched using database-specific indexing terms. The search 
syntax was first developed for PubMed and then adapted to the 
database-specific search requirements. Search strategies are 
provided in Supporting File 1. No date limitations were applied 
to the searches. While data on sedentary behavior and adiposity 
related outcomes were extracted where reported (see below) as 
secondary outcomes, sedentary behavior and adiposity related 
keywords were not part of the search strategy because they were 
not the primary focus of this review.

2.3   |   Identification of Relevant Studies

Covidence review management software (www.​covid​ence.​org) 
was used to manage this review. Results identified from the 
search strategies were uploaded to Covidence, where all dupli-
cates were removed. Two independent reviewers from BB, NP, 
and APS initially screened the titles and abstracts for eligibility 
and identified studies for full text review. Two reviewers from 
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BB, NP, and APS independently accessed and screened the 
full texts of studies against the inclusion criteria to determine 
eligibility. A third reviewer (either NP or RP) assessed a random 
sample of 10% of the excluded studies at both title/abstract and 
full text stages. Disagreements were discussed and resolved 
with a fourth reviewer (either NP or RP). All decisions for inclu-
sion and exclusion were recorded in Covidence, and reviewers 
were blinded to each other’s decisions.

2.4   |   Data Extraction

Data extraction forms were developed specifically for this review 
in Microsoft Excel. Two reviewers (B.B. and N.P.) completed the 
data extraction for all included studies, and a sample of papers 
(10%) were checked by third and fourth reviewers (R.P. or A.P.S.) 
for completeness.

Data were extracted on the characteristics of included studies: (i) 
general information (study ID, title, authors, date, study location 
(country, level of income of country according to World Bank 
Classification, urban vs. rural), study aim); (ii) study eligibility 
(participant selection and randomization process (for random-
ized studies), sample size, participant characteristics), type and 
duration of intervention, setting of intervention (e.g., school, 
community), intervention components and intervention strate-
gies (i.e., active ingredients, intervention features), and theories 
utilized (e.g., social cognitive theory (SCT)); (iii) methods and 

measures of the behaviors of interest; and (iv) results for out-
comes of interest (estimates, list of confounders, narrative sum-
mary of results, study limitations). The primary outcomes were 
changes in physical activity and dietary behaviors, and where 
measured/reported, we also extracted data on changes in sed-
entary behaviors and change in any adiposity related outcomes 
(e.g., BMI z-scores, body fat percentage (%)). Following standard 
procedures, data on outcomes of interest at baseline and postin-
terventions (first follow-up) were extracted [20].

As one of the aims of this review was to identify interventions 
that had reported on indicators important from an equity per-
spective, information relevant to equity was extracted using the 
PROGRESS-Plus framework [28, 29]. Given that this review 
focused on adolescents, data on targeting of interventions and 
differential effects were considered across the PROGRESS-Plus 
framework applicable to adolescents: gender, socioeconomic sta-
tus, ethnicity, place of residence, and religion.

2.5   |   Risk of Bias (RoB) and Evidence Assessment

A RoB assessment was completed for each study. For RCTs, the 
Cochrane RoB-2 was used [30]. Two reviewers (B.B. and N.P.) in-
dependently assessed each study against each of the five domains 
and rated them as low, some concerns, high RoB, or no informa-
tion [30]. For non-RCTs, ROBINS-I was used [31]. Two reviewers 
(B.B. and N.P.) independently assessed each study against each of 

TABLE 1    |    Study inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Study aim Behavior change Weight loss/change in weight 
related outcomes only

Population Adolescents aged 10–19 years of age Studies that exclusively enrolled 
participants with a disease or clinical 
populations. Samples of children < 10 

years or adults > 19 years

Setting Any setting

Interventions Behavioral interventions with a focus on targeting 
and changing physical and dietary behaviors. 
Interventions could be delivered in any means 
(e.g., face-to-face, online, or using technology). 
There was no restriction on who delivered the 

interventions (e.g., teachers, researchers)

Interventions designed specifically for 
the treatment of childhood obesity and 
RCTs designed to treat eating disorders 
such as anorexia and bulimia nervosa.

Interventions that did not target 
and both physical activity and diet 

as intervention components.

Comparisons No intervention (e.g., wait list control, usual care); 
attention control (e.g., similar format and intensity 

to intervention but different content area (e.g., 
focus on sun care or different health behavior)

Active comparators without a control

Outcomes Any quantitative measure of physical activity and 
any quantitative measure of dietary behavior. We 

also included anthropometry (e.g., weight, BMI) and 
sedentary behavior related outcomes only if they had 
both physical activity and dietary behavior outcomes

Only reported anthropometry 
related outcomes

Timing of assessment Include data at baseline and postintervention/
follow-up of any length intervention
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the seven domains and rated them as being at low, moderate, seri-
ous, or critical RoB or no information [31]. Supporting information 
and justifications for judgments in each domain were recorded for 
all studies. A third reviewer (R.P. or A.P.S.) compared ratings, dis-
cussed discrepancies, and agreed on the overall RoB, which was 
assessed using the Cochrane guidance.

2.6   |   Outcomes and Evidence Synthesis

The primary outcomes were changes in dietary behaviors and 
physical activity, and where reported, changes in sedentary be-
haviors were also extracted and synthesized. Dietary, physical ac-
tivity, and sedentary behavior outcomes were extracted as per the 
reporting in individual studies. Heterogeneity arose across studies 
based on methods, measures/units and outcomes of physical activ-
ity and dietary outcomes, which precluded meta-analyses of these 
behaviors. While data on mean differences in all behavioral out-
comes was extracted where available, the data were synthesized 
narratively. The effect of the interventions on each physical activ-
ity, dietary, and sedentary behavior outcome was coded as follows: 
↑*: “positive and statistically significant effect” (i.e., there was an 
increase in physical activity or fruit consumption and in favor of 
the intervention group), ↓*: “negative and statistically significant 
effect” (i.e., a decrease in screen time or sugar-sweetened bever-
age (SSB) consumption in favor of the intervention group), or 0: 
“no statistically significant effect” (i.e., no statistically significant 
difference in the outcome between the intervention and control 
group). All identified dietary, physical activity, and sedentary be-
havior outcomes are displayed in Supporting File 2 as described in 
the individual studies, but for brevity, all dietary behaviors were 
classified as favorable (e.g., consumption of fruit, vegetables, not 
skipping breakfast) and unfavorable (e.g., consumption of SSBs, 
sweet/salty snacks, fast foods etc, skipping breakfast), and all 
domains of physical activity (e.g., walking, steps, moderate vig-
orous physical activity (MVPA)) and sedentary behavior (e.g., sit-
ting time, screen-time) were classified as “physical activity” and 
“sedentary behavior” respectively and synthesized narratively 
using the codes ↑*, ↓*, and 0 as described above. Each individual 
outcome behavior was counted per study; for example, if a study 
reported on four favorable dietary outcomes, then the summary 
table will have four codes (e.g., ↑*, ↑*, ↓*, and 0) in the column fa-
vorable dietary behaviors.

Data on changes in adiposity related outcomes were included 
as an important secondary outcome when/if reported in ad-
dition to changes in the primary outcomes of interest. Meta-
analyses were conducted using the meta package Version 6.5–0, 
Schwarzer (2023) in R (Version 4.3.1) for the outcomes BMI, BMI 
z-scores and body fat percentage, as these were the outcomes 
most frequently reported across studies. We used random effects 
models as we expected heterogeneity in the intervention effects 
because of the differences in study populations and the diversity 
of intervention components and comparisons. We calculated the 
standardized mean difference (SMD) change in adiposity out-
comes using Hedges’ g effect size with 95% confidence intervals 
[32]. Pooled mean difference and variance in the heterogeneity 
between studies (I2) was calculated and presented using forest 
plots. Where studies had more than one intervention group, we 
divided the number of participants in the control group by the 
number of intervention groups and analyzed each individually.

Interventions included different components from targeting 
education (e.g., knowledge and active learning), targeting the 
social environment (e.g., including parents), and targeting the 
physical environment (e.g., environmental changes) and used 
a range of different strategies and behavior change techniques 
(BCTs) to support changes in physical activity and dietary be-
haviors. Intervention components and strategies reported in 
studies are described in Supporting File 3, alongside a summary 
of the effect of each intervention on changes in dietary behav-
iors, physical activity, sedentary behavior, and indicators of 
adiposity.

Equity data were summarized using graphical and narrative 
methods to describe whether studies had gathered equity data 
at baseline and whether they had subsequently conducted any 
equity analyses.

3   |   Results

The literature searches yielded 20,509 titles of potentially rele-
vant articles, of which 38 articles of 36 studies were considered 
eligible for this review (see Figure 1).

3.1   |   Characteristics of Included Interventions

The characteristics of included interventions are described 
in Table  2. Most interventions were RCTs (n = 29, 81%), and 
most (69%) were conducted in high-income countries (HICs) 
within Europe (n = 11) and the United States (n = 9), followed 
by Australia (n = 3), Canada (n = 1), and Trinidad and Tobago 
(n = 1). Eleven interventions (31%) were conducted in middle-
income countries (MICs): Two interventions conducted in each 
of Brazil and Turkey, and one in each of Argentina, Vietnam, 
Fiji, South Africa, Lebanon, Tonga, and Thailand. Most studies 
(n = 28, 78%) had intervention components that were delivered 
solely in the school setting, one in school plus community and 
one in school plus home. The remaining studies were delivered 
in university residence (n = 1), university plus home (n = 1), 
community-based settings (n = 2), and in a primary health care 
setting (n = 1). Interventions ranged from 2 × 50 min sessions to 
3 years in duration, with more than half of interventions (n = 20, 
56%) being between 6 and 24 months.

Twenty-three interventions (64%) outlined clear theoretical un-
derpinnings, and 39% of those outlined the use of more than 
one theory. All studies apart from two, which recruited only 
girls, included both boys and girls in their interventions. Five 
interventions (14%) included participants aged 15 years or older 
at baseline, 30 (83%) included participants aged 15 years or 
younger, and one study reported participants with an age range 
of 11–18 years at baseline. Group sample sizes ranged from 36 
to 4567.

Most interventions (n = 28, 78%) targeted and measured more than 
one dietary behavior (e.g., decreasing SSBs and increasing fruit and 
vegetable consumption), 10 interventions (28%) targeted and mea-
sured more than one physical activity behavior (e.g., increasing 
walking and increasing MVPA) as intervention outcomes. In addi-
tion, 26 studies (72%) targeted and measured at least one outcome 
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of sedentary behavior, with six studies (23%) targeting and mea-
suring more than one sedentary behavior. Twenty-seven different 
dietary behavioral outcomes, 10 physical activity outcomes, and 
five sedentary behavior outcomes were reported across included 
studies (see Supporting File 2). Outcome behaviors (physical activ-
ity, dietary, and sedentary behavior) were mostly measured with 
self-report tools, with five studies (14%) using accelerometers to 
measure physical activity, and one using a pedometer to measure 
step count. Twenty-eight studies measured at least one indicator 
of adiposity at baseline, with all 28 studies measuring height and 
weight via either self-report (n = 8, 28%) or by trained staff (n = 20, 
72%) (Table 2). Overall, of the 29 RCT studies, 37.5% (n = 11) pre-
sented a high-RoB summary score, and 62.5% (n = 18) presented 
some concerns. Of the seven non-RCTs, 29% (n = 2) presented seri-
ous RoB summary score, and five studies (71%) presented a mod-
erate risk (see Figures 2a–d in Supporting File 4).

3.2   |   Intervention Effects on Primary Outcomes: 
Physical Activity and Dietary Behaviors

Eight studies (22%) included educational components only, 12 
(33%) included educational plus social environmental compo-
nents, 4 (12%) included educational plus physical environmen-
tal components, and 12 (33%) included educational, social, and 
physical environmental components (Table 3).

3.3   |   Educational Only Interventions

Of the eight interventions that included educational components 
only, 2 (25%) were effective at positively changing all behaviors 
targeted and assessed [33, 39]. Of these two, one was effective 
at reducing weight but not BMI [33], and one did not measure 
indicators of adiposity [39]. Three educational interventions had 
no effect on any behaviors targeted and assessed [35, 36, 41]; of 
these, one had no effect on BMI [35], one was effective at reduc-
ing waist circumference but not BMI [36], and one did not mea-
sure indicators of adiposity [41]. Three interventions showed 
mixed results [34, 37, 40]. None of these three studies reported 
on indicators of adiposity (Table 3).

3.4   |   Educational and Social Environmental 
Interventions

Of the 12 interventions that included educational plus social en-
vironmental components, three (25%) were effective at changing 
all behaviors targeted and assessed [42, 46, 52], of which one did 
not report data on indicators of adiposity [46], one reduced both 
BMI and obesity prevalence [52], and one increased BMI and 
reduced obesity prevalence [42]. The interventions effective at 
changing behavior included home components such as home-
work or newsletters to parents. Five interventions (42%) were 

FIGURE 1    |    Flow chart of search strategy.
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effective at changing most behaviors targeted and assessed, 
with difference seen between subgroups (i.e., effective in boys 
but not girls) and within behaviors (i.e., changing unfavorable 
but not favorable dietary behaviors) [43, 45, 48, 50, 51]. Of these, 
two were not effective at changing any indicators of adiposity 
assessed [45, 48], one did not report on indicators of adiposity 
[50], and two were effective at changing some indicators but not 
all [43, 51] (Table 3).

3.5   |   Educational and Physical Environmental 
Interventions

Of the four interventions that included educational and phys-
ical environmental components, one showed no effect on be-
haviors or obesity prevalence [55], and one found no effect on 
favorable dietary behaviors and physical activity but reported 
gender differences in unfavorable dietary behaviors and seden-
tary behaviors [57]. Two reported changes in physical activity 
and sedentary behavior but no effect on dietary behaviors, one of 
which did not measure anthropometric indicators [54], and one 
reported reductions in obesity prevalence, BMI z-scores, but no 
change in BMI or body fat percentage [56] (Table 3).

3.6   |   Educational, Social, and Physical 
Environmental Interventions

Of the 12 interventions that included educational, social, and 
physical environmental components, 3 (25%) showed no effect 
on any behavior targeted and assessed and no effect on indi-
cators of adiposity [59, 60, 69]. One intervention had a positive 
effect on all dietary behaviors assessed but not effect on phys-
ical activity or BMI z-scores and obesity prevalence [64]. The 
remaining eight interventions showed mixed effects with little 
consistency across studies. Of these 8 studies, 4 (50%) had no 
effect on any indicators of adiposity assessed [58, 63, 67, 68], 2 
(25%) did not report on indicators of adiposity [61, 65], and 2 
(25%) showed reductions in body fat percentage but not in BMI 
or obesity prevalence [62, 66] (Table 3).

3.7   |   Meta-Analysis of Secondary Outcomes: 
Markers of Adiposity

Twenty-eight studies (78%) assessed height and weight and other 
anthropometric indicators (e.g., waist circumference and body 
fat percentage) at baseline, with 22 studies (78%) reporting on 
the effect on changes in at least one outcome at postintervention. 
Eleven studies (39%) reported a significant change in at least one 
anthropometric indicator. Fourteen studies (50%), with 16 in-
dependent samples, reported data on change in BMI and were 
included in the meta-analysis, and eleven studies (39%), with 14 
independent samples, reported data on change in BMI z-scores 
and were included in the meta-analysis. Studies are reported in 
the Figures according to the intervention components targeted. 
There was a nonsignificant reduction in BMI (SMD −0.11 [−0.26, 
0.04]; I2 = 90%; p = 0.15) (Figure 2a), but a significant moderate 
reduction in BMI z-scores (SMD −0.62 [−1.09, −0.16]; I2 = 99%; 
p = 0.01) (Figure 2b), in favor of the intervention group. Absolute 
change in BMI and BMI z-score in the intervention groups were St
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0.45 kg/m2 (SD 1.17) and −0.02 (SD 0.21), respectively. This is 
compared to 0.58 kg/m2 (SD 1.02) and 0.02 (SD 0.25) change in 
BMI and BMI z-score in the comparison groups.

Six studies (21%), with 11 independent samples reported on 
changes in body fat percentage and were included in the meta-
analysis. Studies are reported in the figures according to the 
intervention components targeted. There was a significant 
reduction in body fat percentage in favor of the intervention 
groups (SMD −1.32 [−2.22, −0.42]; I2 = 99%; p = 0.008). Absolute 
change in body fat percentage was 0.09% (SD 1.86) for the inter-
vention groups and 1.35% (SD 1.71) for the comparison groups 
(Figure 2c).

3.8   |   Description of Intervention Features

Figure  3 describes the number of interventions that collected 
data on equity indicators at baseline and the interventions that 
conducted analyses according to these indicators. All studies 
collected data on gender at baseline, with two studies targeting 
only girls [40, 67]. Six studies (17%) used subgroup analyses to ex-
plore the differential effects of gender on all outcomes reported 
(i.e., behaviors and adiposity if measured) [17, 48, 50, 51, 57, 58], 
and five (14%) explored the differential effects of gender on ad-
iposity related outcomes only [42, 62, 66, 68, 69]. Differences in 
the effect of interventions on dietary behaviors, physical activ-
ity, and sedentary behaviors according to gender were evident in 
all studies (Table 3), with little consistency in findings due to the 
heterogeneity of behaviors targeted and assessed. Similarly, the 
effect on adiposity-related outcomes according to gender was 
mixed with little consistent findings between studies (Table  3 
and Figure 3).

Far less studies reported on indicators of socioeconomic posi-
tion, ethnicity, place of residence and religion, and subgroup 
analyses were rarely performed (see Figure 4), making it impos-
sible to evaluate the impact of equity characteristics on interven-
tion outcomes.

3.9   |   Intervention Strategies

Supporting File  3 describes details of intervention strategies 
reported in each of the included studies according to the inter-
vention approach (e.g., educational, education + physical envi-
ronment), as well as a summary of the effect of each intervention 
on dietary behaviors, physical activity, sedentary behaviors, 
and anthropometric indicators. There was little consistency in 
strategies reported across the different interventions and little 
consistency in intervention effects by strategies reported and in-
tervention approach.

4   |   Discussion

Adolescence is a time of transition and is often accompanied by 
radical changes in physical activity and dietary behaviors that 
can underpin long-lasting habits and poor health outcomes. The 
primary aim of this systematic review and meta-analysis was to 
synthesize the evidence on the effectiveness of combined dietary 

and physical activity interventions on changes in dietary behav-
iors, physical activity, and sedentary behavior in adolescents 
globally, with a secondary aim of examining the effect of such 
interventions on adiposity related outcomes where reported. 
Across 36 studies of adolescents, there was little consistency in 
interventions in terms of the components, strategies used for be-
havior change, behaviors targeted and assessed, and the effect 
of the intervention on behaviors and indicators of adiposity. We 
found that most interventions were conducted in high-income 
countries, included adolescents younger than 15 years of age, 
and paid little attention to equity issues with very few studies ex-
ploring intervention effects by key sociodemographic variables.

To our knowledge, this evidence synthesis provides the most ro-
bust evidence to date on the behavioral outcomes of combined 
dietary and physical activity interventions among adolescents. 
Dietary behaviors and physical activity have been implicated 
in the rising prevalence of adolescents living with obesity [70]. 
However, very few reviews of interventions aiming to prevent 
obesity among adolescents have provided details on the effect 
of the interventions on behavioral outcomes 20. This level of 
information is imperative for policy makers, practitioners, and 
researchers to better understand how best to change these im-
portant behaviors. Five studies were effective at changing both 
diet and physical activity outcomes targeted; all were school 
based and targeted fruit and vegetable consumption, dietary 
fat, diet quality, fried food consumption, total physical activity, 
and walking. Two were education only, and three were educa-
tion plus a social environmental component such as homework 
with parents or parent newsletters. There was little consistency 
in the remaining studies on changes in diet and physical activity, 
a moderate effect on reductions in adolescent BMI z-scores and 
body fat percentage, and no significant reductions in BMI among 
adolescents. These findings are similar to those shown previ-
ously among adolescents 20. Given that obesity is underpinned 
by multiple health behaviors that exert synergistic effects, it is 
imperative that we better understand how to effectively target 
and change multiple health behavior.

In the present review, the large number and the variability in be-
haviors targeted and the intervention approaches utilized mean 
that we are limited in our ability to compare interventions and 
their effects. It might be that changing multiple dietary behav-
iors, physical activity, and sedentary behaviors at the same time 
is burdensome for adolescents, and they may lose interest or de-
cide to focus on one behavior. Furthermore, targeting more than 
one behavior over the course of an intervention period could 
result in a lack of depth or focus on single behaviors [21, 71]. 
Indeed, evidence from research comparing single versus mul-
tiple health behavior interventions suggest that multiple health 
behavior interventions are more effective for weight loss, but 
that single behavior interventions are more effective at chang-
ing desired behaviors, albeit with only modest results [72]. In the 
present review, most studies appeared to have used BCTs for diet 
and physical activity behaviors that have come from the litera-
ture examining correlates and determinants of these individual 
behaviors. If we are to target multiple health behaviors success-
fully, research that examines the determinants of clusters or 
combinations of health behaviors should be drawn upon to iden-
tify the most pertinent determinants, which can be mapped onto 
identifying appropriate BCTs to underpin future interventions.
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The present review found that most studies (78%) included in 
the review had intervention components that were delivered 
solely in the school setting. While adolescents spend a consid-
erable proportion of their time in the school setting, there has 

recently been a shift to whole systems approaches when consid-
ering changing behaviors such as diet [73] and/or physical ac-
tivity  [11]. The mixed effectiveness and the inconsistencies in 
the findings across the categories of intervention approaches 

FIGURE 2    |    (a) Standardized mean difference (SMD) in body mass index (BMI) for combined diet and physical activity intervention studies (n = 14 
studies of 16 samples). (b) Standardized mean difference (SMD) in body mass index (BMI) z scores for combined diet and physical activity interven-
tion studies (n = 11 studies of 14 samples). (c) Standardized mean difference (SMD) in percent body fat for combined diet and physical activity inter-
vention studies (n = 6 studies of 11 samples).
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in the present review could be that, regardless of intervention 
approach (i.e., educational and/or social environmental strat-
egies), these, often school based, interventions have targeted 
individual (personal) behavior change. Adolescents nowadays 
operate in systems that are highly digital and driven by proxi-
mal (e.g., parents, peers, and wider community) and distal (e.g., 
cultural norms, customs, and policies) influences [74], and thus, 
for interventions to have the greatest effect on changing phys-
ical activity, diet, and adiposity indicators, there needs to be a 
shift in focus to intervening in parts or the whole of adolescents' 
system where the greatest impact can be achieved. The context 
and lived experiences of adolescents are key drivers of behavior, 
and thus, involving adolescents as active partners in the focus, 
design, and implementation of interventions to change behavior 
should be a priority to ensure that the strategies and components 
are current and user focused.

All interventions in this review included educational strategies 
either as the sole component or as part of multicomponent in-
tervention approaches. Educational strategies such as efforts 
to increase knowledge or to teach young people about health 
risks of behaviors, for example, come from decision making the-
ories proposing that increased knowledge will lead to positive 
behavior change. However, educational approaches for behav-
ior change with adolescents have not been established to be as 
effective as educational approaches targeting younger children 
[75]. It has been argued that interventions focusing on provid-
ing knowledge or self-regulation skills are ignoring or fighting 
against the drivers for engaging in these “problem” behaviors 
in the first place [75]. Educating adolescents on the importance 
of physical activity and choosing healthy foods is unlikely to be 
effective without considering the wider systems in which ado-
lescents operate, which may or may not be supportive of posi-
tive health behaviors. While most interventions included in this 
review utilized social and or physical environmental strategies 
(i.e., multicomponent) in addition to the educational strategies, 

there appeared to be no clear intervention effects when strati-
fied by broad intervention components (i.e., educational versus 
educational + social environmental), which could be partly ex-
plained by the diverse BCTs used within the different compo-
nents, or differences in the characteristics of the intervention 
(e.g., implementation modality, dose, duration, and fidelity). 
Such heterogeneity, alongside the lack of detail and reporting 
of intervention approaches, makes it challenging to identify the 
specific components within the combined diet and physical ac-
tivity interventions that contribute to the lack of consistency and 
limited effectiveness of interventions at changing both dietary 
and physical activity behaviors. This poses both challenges and 
opportunities for further research. There is a need to under-
stand what works and why, and much of this could be uncov-
ered from more robust reporting of implementation and process 
evaluations, as well as standardization of measurement and re-
porting. Furthermore, to truly change complex behaviors that 
have the capacity to influence health, there is a need for a whole 
systems approach, targeting the multiple settings that children 
and young people operate in, that begins in early childhood to 
establish foundational healthy habits [38, 74]. Approaches that 
include multiple stakeholders from a range of sectors across 
communities are needed to create lasting environmental and 
societal changes that support healthier behaviors across the 
lifespan.

The behaviors that were targeted were not consistent across inter-
ventions but included both the reduction in the consumption of 
unfavorable foods/drinks (e.g., skipping breakfast, sugar sweet-
ened beverages), the increase in favorable foods/drinks (e.g., fruit 
and vegetable consumption), and increase in domains of physical 
activity (e.g., active travel). The strategies used in the interven-
tions ranged considerably, with common BCTs [44] included goal 
setting, feedback, monitoring, knowledge, and modeling. In some 
papers, unclear descriptions precluded specific identification of 
the BCTs utilized. Little attention was given, within the studies 

FIGURE 3    |    The number of studies that reported equity characteristics at baseline and the number of which reported differential analyses by 
subgroups.
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included in this review, to implementation processes. Given that 
each intervention included in this review targeted multiple dietary 
and physical activity behaviors, utilized several behavior change 
strategies and many were targeting more than one component 
(i.e., complex interventions), it is hard to say whether the setting, 
components, and strategies are not effective at changing behav-
iors, or whether there is particularly poor fidelity across these in-
terventions. There was no mention of implementation strategies 
across the included studies. Understanding the implementation of 
complex interventions is critical for many reasons including max-
imizing effectiveness, identifying key barriers and facilitators to 
successful implementation, and improving the adaptability of 
interventions shown to be effective in certain settings. A better 
understanding of how complex interventions targeting multiple 
health behaviors are implemented will have significant impli-
cations for optimizing health behaviors and health outcomes by 
improving the efficiency of interventions, making interventions 
more adaptable, sustainable, and scalable, and can inform future 
research and policy decisions and strategies to enable the creation 
of supportive systems.

A clear gap in the evidence from this review is the information 
coming from low- and MICs. For instance, only one study has 
generated evidence from the African region, and there is no 
evidence identified for low-income countries. This review has 
shown a heterogeneity of findings across and within the compo-
nents targeted and strategies used in interventions, and a variety 
of findings in relation to sociodemographic inequities, high-
lighting the potential importance of future work taking a real-
ist perspective [47] in understanding the effectiveness of these 
types of interventions. Evidence on what works for whom and in 
what context could potentially be important in helping to inter-
pret the heterogeneity in results seen across these types of study. 
The context of low- and MICs is different in many ways to high 
income countries (e.g., differences in climatic conditions, active 
transport, food security, poverty, and cultural differences), and 
evidence is needed for what works in these different types of 
physical and social environments in relation to improving phys-
ical activity, sedentary behavior, and dietary outcomes to under-
stand what has the potential to work to change behaviors and 
reduce obesity in the context of low-middle income countries.

4.1   |   Strengths and Limitations

There are limitations to the present review, some of which are 
due to gaps in the literature itself. The review has revealed a 
bias in the geographical regions represented, with no evidence 
from low-income countries and limited evidence from MICs. 
Also, the majority of the studies from the high-income countries 
came from Europe (44%) and the United States (36%), with many 
countries/regions not represented in the literature. Studies were 
heterogenous in character (e.g., components, strategies used, 
and behaviors targeted and assessed), making it challenging 
to assess the overall consistency of effectiveness. Few interven-
tions targeted and assessed the same combination of dietary 
and physical activity behaviors, thus limiting the possibility of 
drawing strong conclusions on the effectiveness of interventions 
on specific behavioral outcomes. Furthermore, due to the lack 
of clarity in the papers, it was not possible to map the specific 
BCTs used in each intervention. RoB in studies was high and 

most relied on reported behaviors. Self-report tools should ide-
ally be replaced or augmented with objective measures, such as 
accelerometers, to minimize errors caused by recall bias and 
social desirability, which often result in inaccurate data  [49]. 
Furthermore, and importantly, when more objective tools are 
used, it is important that rigor and a level of standardization are 
applied in the methods of deployment and data reduction [53].

Key strengths of this review include the robust search and sys-
tematic approach to synthesizing 36 published studies, the in-
clusion of controlled interventions which can provide greater 
certainty of evidence, the focus on adolescents and the combined 
dietary and physical activity interventions, the clear definitions 
of the effect of the interventions on all dietary and physical ac-
tivity behaviors reported in studies, and the extraction of all 
utilized intervention strategies and equity effects providing a 
comprehensive overview of the published literature and high-
lighting gaps to be addressed in future research. Furthermore, 
no restrictions were placed on the searches for the review in 
terms of language, countries, or publication date.

5   |   Conclusion

The evidence for interventions targeting both dietary and physi-
cal activity behaviors and their effect on change in behavior and 
adiposity in adolescents is largely inconsistent. The positive find-
ings of some studies suggests that there is potential to improve 
these lifestyle behaviors and associated adiposity outcomes in 
adolescents in some contexts. However, the current evidence 
is focussed on high income countries with little consideration 
given to potential inequities in the effects of interventions even 
within those countries. This results in a lack of understanding 
in the evidence of what works for whom across a range of con-
texts. Further work is needed to understand the implementation 
process of what are often complex interventions, and how these 
can be optimized in contexts that are diverse and multifaceted.
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