
Vol. 10 • Issue 3 Behavior Change Techniques for Reducing Sugar Intake by Adolescents

227

Article reuse guidelines: sagepub.com/journals-permissions
© The Author(s) 2024

Reviews

Abstract: Introduction: The 
adolescent diet is high in sugars 
compared with other age groups. 
Effective approaches to support sugar 
reduction by adolescents are needed as 
part of caries prevention.

Objective: To systematically review 
peer-reviewed evidence (1990 to 2023) 
to identify effective behavior change 
techniques (BCTs) for sugars reduction 
in adolescents aged 10 to 16 y.

Methods: Nine databases (CINAHL, 
Cochrane, Dental and Oral Sciences 
Source, EMBASE, MEDLINE, PubMed, 
PsycINFO, Scopus, and Web of Science) 
were searched. Identified articles 
were screened independently in 
duplicate for eligibility. Interventions 
were eligible if they aimed to change 
adolescent dietary behavior(s) and 
reported pre- and postsugar-relevant 
outcome measures. Interventions 
from included studies were coded 
using a 93-item BCT Taxonomy 
(Michie Taxonomy v1). Risk of bias 
was assessed using the Effective 

Public Health Practice Project Quality 
Assessment Tool for Quantitative 
Studies. Evidence synthesis by vote 
counting (number of studies showing 
positive versus null or negative effects) 
was applied to BCTs that were present 
in more than 5 interventions.

Results: Of 16,271 articles identified, 
764 were screened in full, yielding 
35 studies (in 43 papers), of which 
3 were uncodeable. BCTs coded in 
interventions covered 11 of 16 BCT 
clusters and 25 of 93 individual BCTs 
in the BCT taxonomy. The median 
number of BCTs applied per study was 
3 (interquartile range 2–6). Evidence 
synthesis indicated that the BCTs most 
positively associated with a positive 
reduction in sugars were (with the 
percentage of strong-/moderate-quality 
studies applying these techniques that 
successfully reduced sugars intake 
in brackets) feedback on behavior 
(100%), information on social and 
environmental consequences (100%), 
problem solving (75%), and social 
comparison (75%).

Conclusion: Notwithstanding 
limitations in available data, the 
current evidence most strongly supports 
the use of BCTs relating to feedback 
on behavior, providing information 
on the social and environmental 
consequences, include problem solving 
and making social comparisons, to 
lower sugars intake in adolescents.

Knowledge Transfer Statement: 
The results of this study will enable 
clinicians to provide more effective 
dietary advice when supporting dietary 
behavior change to reduce sugars intake 
in adolescents. The results may also 
be used by researchers to guide future 
directions for research into effective 
sugars reduction in adolescents.

Keywords: child, child nutritional sci-
ences, diet, food and nutrition, schools, 
dental caries

Introduction

The early to mid-adolescent life 
stage (between 10 and 16 y) is a rapid 
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phase of development, during which 
adolescents gain increasing psychosocial 
autonomy and independence including 
in their dietary choices (McKeown 
and Nelson 2018). Early adolescence 
is also the life stage during which the 
permanent dentition, including the 
second molars, has erupted (Fekonja 
2022). Evidence synthesis shows 
moderate evidence for the effectiveness 
of multicomponent interventions in 
promoting oral health–related behavior 
in adolescents (Xiang et al. 2020), yet 
the impact of dietary behavior has not 
been investigated in isolation from other 
elements of oral health promotion.

The diet of adolescents compared 
with other age groups is poor (Lipsky 
et al. 2017; Patte et al. 2024). Dietary 
behavior changes observed during 
adolescence include an increased 
frequency of consuming energy-dense 
nutrient-poor foods (e.g., foods high 
in sugars, fats, and sodium and sugar-
sweetened beverages). National surveys 
from several countries show that intakes 
of free sugars peak during adolescence 
(Turck et al. 2022). For example, most 
recent Australian data show 87% of those 
aged 9 to 13 y and 85% of those aged 
14 to 16 y exceeded the World Health 
Organization (WHO) recommendation to 
limit free sugars intake to less than 10% 
of total energy (Louie et al. 2016). The 
UK National Diet and Nutrition Survey 
showed 11- to 18-y-olds on average 
consume 12.3% of energy as free sugars, 
which is substantially greater than the 
dietary reference value of less than 5% of 
total energy as a population goal. Dietary 
sugars are the most important direct 
cause of dental caries, and a wealth of 
evidence supports sugars reduction as 
a key part of preventive dental health 
(Moores et al. 2022). Moreover, limiting 
dietary sugars plays a key role in the 
prevention of undesirable weight gain 
(Public Health England 2015).

It is recognized that both upstream 
and downstream public health 
measures are required to reduce sugars 
consumption (Public Health England 
2015). Interventions targeting sugars 
reduction can achieve relevant health 

outcomes (e.g., reduced dental caries; 
Rodrigues et al. 1999). Prerequisites for 
the development of interventions aimed 
at supporting individuals to lower sugars 
levels should include identification of 
the intervention modalities that are 
expected to be effective. However, many 
behavioral interventions have lacked 
adequate theoretical foundation for their 
content. Behavior change techniques 
(BCTs) are the “active ingredients” of 
an intervention, as described in a BCT 
taxonomy (Michie et al. 2013), which 
is an hierarchical model comprising 93 
distinct BCTs organized into 16 parent 
clusters of related BCTs (Table 1). A 
recent analysis of data pertaining to 
the effectiveness of interventions and 
BCTs for improving dietary intake in 
young adults (17 to 35 y old) indicated 
that habit formation, salience of 
consequences, and adding objects to 
the environment were the most effective 
BCTs (Ashton et al. 2019). However, 
to date, there has been no systematic 
identification and synthesis of BCTs 
underpinning effective dietary behavior 
change interventions aimed at lowering 
sugars intake by adolescents.

If “best practice” with respect to 
effective dietary BCTs to apply with the 
adolescent age group can be identified, 
this would assist dental professions, 
other practitioners, policymakers, 
researchers, and funding bodies to make 
informed decisions around strategies 
for sugars reduction. In view of this, the 
aims of this research were to identify, 
from published data pertaining to 
interventions targeting mid to early 
adolescent diet behavior change, which 
BCTs (1) are effective, (2) are not 
effective, and (3) have not yet been 
studied, in relation to sugars reduction 
by adolescents aged 10 to 16 y. The 
objectives were (1) to systematically 
review peer-reviewed publications 
pertaining to dietary intervention studies 
aimed at adolescents aged 10 to 16 y that 
included a measure of dietary sugars as 
an outcome, (2) using the taxonomy of 
BCTs of Michie et al. (2013) to identify 
the BCTs that have been applied in 
the interventions, (3) to identify which 

specific BCTs were/were not effective 
with respect to sugars reduction, and  
(4) to identify any BCTs that have not 
been applied in interventions aiming  
to reduce sugars intake in adolescents 
and thus identify future research  
need.

Methods

This systematic review was 
prospectively submitted on 
PROSPERO (https://www.crd.york.
ac.uk/prospero/display_record.
php?ID=CRD42020164544) on January 8, 
2020, and was subsequently registered 
on April 28, 2020. The overarching 
research question was, “What are the 
effective components and behavior 
change techniques for interventions to 
change diet in adolescents (aged 10 to 
16 y)?” This systematic review is reported 
according to the PRISMA 2020 statement. 
The completed PRISMA checklist can be 
found in Appendix Table 1.

Eligibility Criteria

Studies were eligible for inclusion if 
the design was an intervention study 
(including randomized controlled and 
quasi-experimental design study) or 
was a systematic review of intervention 
studies. Pre–post studies with no 
comparator group were also included. 
Cross-sectional design studies, review 
articles (e.g., narrative reviews), protocol 
papers, preprints, conference abstracts, 
theses, and retracted articles were 
excluded. Studies were included if they 
were published in the English language 
between 1990 and July 31, 2023.

Population

Studies were eligible if participants 
were adolescents aged 10 to 16 y or 
where data were reported separately for 
adolescents to other included population 
subgroups (e.g., children, adults). Studies 
were eligible where participant age 
range, median age, or mean age fell 
within 10 to 16 y of age. Studies were 
ineligible if participants were restricted 
to those with a specific disease or 
condition.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020164544
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020164544
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020164544
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Intervention

Interventions were eligible for 
inclusion if they aimed to change 
adolescent dietary behaviors  
and reported independent effects  
for pre- and postintervention 
measures for at least 1 outcome of 
interest.

Comparator

Studies were eligible where the 
comparator group was either a different 
intervention (including varied intensity), 
usual care, or nonexposure to the 
intervention (nonexposed control group). 
Single-group pre–post studies were also 
eligible.

Outcomes

The main outcomes of interest 
were sugars-relevant dietary intake 
measures including total, free, or added 
sugars intake or intake of high-sugars 
foods and drinks, measured as g/day, 
percentage contribution to energy (%E), 
or the frequency of consumption. High-

Table 1.
The BCT Taxonomy: Parent Clusters and Example BCTs within Each Cluster (Michie et al. 2013).

Taxonomy Cluster Number Taxonomy Cluster Name Example BCTs (with Taxonomy Number)

1 Goals & planning Goal setting (behavior) 1.1
Goal setting (outcome) 1.3

2 Feedback and monitoring Feedback on behavior 2.2
Self-monitoring of outcome(s) of behavior 2.4

3 Social support Social support (unspecified) 3.1
Social support (practical) 3.2

4 Shaping knowledge Instruction on how to perform the behavior 4.4
Behavioral experiments 4.4

5 Natural consequences Information about health consequences 5.1
Monitoring of emotional consequences 5.4

6 Comparison of behavior Demonstration of the behavior 6.1
Information about others approval 6.3

7 Associations Prompts/cues 7.1
Remove access to the reward 7.4

8 Repetition & substitution Behavior substitution 8.2
Habit formation 8.3

9 Comparison of outcomes Pros and cons 9.2
Comparative imagining of future outcomes 9.3

10 Reward & threat Material incentive 10.1
Future punishment 10.3

11 Regulation Reduce negative emotions 11.2
Conserving mental resources 11.3

12 Antecedents Restructuring the physical environment 12.1
Adding objects to the environment 12.5

13 Identity Framing/reframing 13.2
Incompatible beliefs 13.3

14 Scheduled consequences Behavior cost 14.1
Remove reward 14.3

15 Self-belief Verbal persuasion about capability 15.1
Focus on past success 15.3

16 Covert learning Imaginary punishment 16.1
Imaginary reward 16.2

For a full list of BCTs in each cluster of the taxonomy, see https://digitalwellbeing.org/wp-content/uploads/2016/11/BCTTv1_PDF_version.pdf. BCT, behavior change 
technique.

https://digitalwellbeing.org/wp-content/uploads/2016/11/BCTTv1_PDF_version.pdf
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sugars foods included sugar-sweetened 
beverages (SSBs), confectionery, 
chocolate, desserts, cakes, biscuits/
cookies, and ice cream. Other relevant 
outcomes (e.g., the intake of water and 
milk) were included where SSB intake 
was reported. Outcomes reported at all 
time points were included.

Information Sources

Searches were executed in CINAHL, 
Cochrane, Dental and Oral Sciences 
Source, EMBASE, MEDLINE, PubMed, 
PsycINFO, Scopus, and Web of Science 
on January 13, 2020, and again on July 
31, 2023 (Appendix Table 2).

Search Strategy

Search terms were built around 4 
broad concepts: intervention studies, 
the adolescent population, behavior 
change, and diet and nutrition 
outcomes. Searches were developed in 
collaboration with a research librarian 
and were piloted to optimize search 
terms for each database. Database-
specific terms (e.g., MeSH terms) were 
used where relevant.

Prior to exporting of records, searches 
were limited to studies published in 
English and from 1990 to the search 
date (to capture data published since 
the first numerical threshold was placed 
on sugars intake by the WHO). Search 
records from each of the databases were 
exported and compiled in EndNote (X9). 
Records were imported to Covidence 
(Veritas Health Innovation 2019) from 
Endnote for removal of duplicates and 
screening.

Selection Process

A preliminary screening of titles and 
abstracts for eligibility was performed 
by 1 researcher (C.J.M., with K.G. 
conducting the updated search), with a 
second researcher (P.J.M.) independently 
screening a random sample of 5%. 
Interrater reliability was assessed, 
and the process was repeated with 
refinement of detailed inclusion criteria 
until full agreement was met. Full-text 
screening was performed independently 

in duplicate (original search by C.J.M. 
and S.C. and updated search by M.M. 
and P.J.M.) to assess final eligibility. 
Any differences between the reviewers’ 
decisions were resolved through 
discussion. If consensus was not reached, 
a third-party reviewer (P.J.M. or A.M.T.) 
was consulted. Reasons for exclusion at 
the full-text stage were noted and are 
reported as per the PRISMA statement.

Data Extraction

Data were extracted by one reviewer 
and checked by a second reviewer. 
Data pertaining to the study population 
and demographics, intervention 
characteristics (adapted from the TIDieR 
checklist (tidierguide.org), comparison 
group, dietary outcomes, differences 
between intervention and control groups 
(effectiveness), and BCTs were extracted. 
An example data extraction form is 
presented in Appendix Table 3.

Coding of BCTs

BCTs reported in the intervention 
descriptions were coded independently 
in duplicate against the 93-item 
Behaviour Change Technique Taxonomy 
v1 (BCTTv1; Michie et al. 2013) by 2 
researchers (C.J.M., A.M.T. or S.C.) who 
had completed training in the use of 
the BCT Taxonomy (http://www.bct-
taxonomy.com). Using a standardized 
coding form (Appendix Table 4), 
interventions from included studies 
were coded from the descriptions in 
published papers, protocols, or online 
supplementary materials. Discrepancies 
were resolved by discussion, and a BCT 
coding log was kept to record decisions.

The standard principles of the BCT 
Taxonomy v1 Online Training for coding 
BCTs were followed. Only BCTs that are 
directly applied to the target behavior(s) 
and population(s) were coded, the 
presence of a BCT was not inferred, 
and BCTs that differed in terms of their 
behavior change type (i.e., behavior 
versus outcome) were differentiated. 
Technical terms and packages of BCTs 
that correspond to BCTs in the taxonomy 
were coded as described in Appendix 
Table 5. BCTs in the intervention and 

control groups were identified, and 
only the BCTs exclusively applied in 
the intervention group were extracted. 
Where multiple papers or studies used 
the same intervention, all BCTs reported 
were coded in the group of papers. For 
the purposes of analysis, the lattermost 
study was selected for complete data 
extraction.

Study Risk-of-Bias Assessment

Two authors (C.J.M. and S.C. for original 
searches and P.J.M. and M.M. for updated 
searches) independently assessed study 
quality using the Effective Public Health 
Practice Project Quality Assessment 
Tool for Quantitative Studies (Armijo-
Olivo et al. 2012). Studies were assigned 
a ranking of strong, moderate, or weak 
for 6 study components: (1) selection 
bias, (2) study design, (3) confounders, 
(4) blinding, (5) data collection methods, 
and (6) withdrawals and dropouts. A 
global ranking was assigned from the 
component rankings as either strong (no 
weak ratings), moderate (1 weak rating), 
or weak (2 or more weak ratings).

Evidence Synthesis

Evidence synthesis was conducted using 
a vote-counting method that is suited 
to data from a heterogeneous group of 
studies (McKenzie and Brennan 2019) 
and that weighs the evidence showing a 
positive relationship between application 
of the BCT in an intervention and outcome 
(sugars) with that showing a null or 
negative association. The BCTs that were 
used in 5 or more of the included studies 
were identified. For each intervention that 
applied these BCTs, it was noted if there 
was a positive, null, or negative effect 
of the intervention on reducing sugars 
outcomes based on direction of effect. 
Data were formulated into Harvest plots, 
to depict the weight of the evidence in 
relation to the BCTs considering study 
quality. For studies reporting more than 
1 sugars-related outcome with differing 
effects, outcomes were depicted by 
separate bars in the Harvest plot. Vote 
counting was supplemented with a 
narrative synthesis of findings.

http://www.bct-taxonomy.com
http://www.bct-taxonomy.com
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Results

Study Selection

Following the removal of duplicates, 
16,271 unique records were retrieved. 
Following title and abstract screening, 
764 records remained for full-text 
screening, which resulted in inclusion of 
35 interventions, reported in 43 papers. 
Papers excluded at full-text screening 
are presented in Appendix Table 6. The 
PRISMA flow chart is presented in Figure 1.

Study Characteristics

The characteristics of the 35 included 
interventions are described in Table 
2. Data extraction forms for included 
studies are presented in Appendix Table 
7, where further details of the individual 
intervention duration and follow-up can 
be found. Most interventions (n = 27) 

were delivered in schools, and other 
settings included after-school clubs 
(n = 2), dental clinics in the school or 
community (n = 2), social media (n = 1), 
libraries (n = 1), and the home  
(n = 1). The global rating of study quality 
was weak for 20 studies, moderate for 12 
studies, and strong for 3 studies (Table 2 
and Appendix Table 8). Studies were of 
populations from 21 different countries 
in Europe (n = 11), North America (n = 
10), Asia (n = 7), South America (n = 4), 
Africa (n = 2), and Australasia (n = 1).

BCTs Applied

Across the 35 interventions, there was a 
median number of 3 (interquartile range 
2–6) individual BCTs, ranging from 0 
(no BCTs able to be coded as present) 
to 11 BCTs. Considering the moderate- 

and higher-quality studies only, the 
median number of individual BCTs used 
was 4, ranging from 1 to 9 in effective 
interventions and 1 to 11 in noneffective 
interventions. Most commonly, 
interventions applied 3 BCTs (n = 7 
interventions). A total of 25 individual 
BCTs were coded across interventions; 
the number of interventions in which 
each BCT was applied is depicted in 
Figure 2. Interventions applied BCTs 
from a median of 3 (IQR 2–5; range 
0–7) parent clusters from the BCT 
Taxonomy. The most frequent BCT 
clusters represented in the interventions 
were “Natural consequences” (cluster 
5), present in 26 of 35 interventions; 
“Social support” (cluster 3), present 
in 13 of 53 interventions; “Repetition 
and substitution” (cluster 8), present in 
13 of 35 interventions; and “Goals and 

Figure 1. PRISMA flow chart.
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Table 2.
Study Details and Global Study Quality.

Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Bessems et al. (2012)*; Netherlands; Quality rating: Weak

Schoolchildren, n = 2,097 
(n = 1,117 I-group;  
n = 758 C-group)

Mean age 12.9 y
Schools

To evaluate an adoption strategy 
for the school-based healthy diet 
program Krachtvoer

Percentage reporting 
favorable consumption 
patterns (did not eat or 
product choices more 
often favorable than 
unfavorable) of sweets 
(candies), ice cream, and 
cookies

Clusters n = 5 BCTs n = 9 +
Sweets
0
Ice cream cookies

Goals & planning (1) Goal setting 1.1
Problem solving 1.2
Action planning 1.4
Review behavior goals 1.5
Discrepancy between 

current behavior and 
goal 1.6

Social support (3) Social support (unspecified) 
3.1

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Antecedents (12) Adding objects to the 
environment 12.5

Copperstone et al. (2019); Malta; Quality rating: Weak

Schoolchildren, N = 48
Aged 10 to 11 y
Pre–post data collected
Schools

To conduct a pilot intervention 
study and assess the any effects 
of educational and environmental 
methodological components 
on sugar intake and water 
consumption

Increase consumption 
of water and reduce 
number of sugary snacks 
and drinks and overall 
nonmilk extrinsic sugars

Clusters n = 3 BCTs n = 3 0

Goals & planning (1) Action planning 1.4

Natural consequences (5) Information about health 
consequences 5.

Antecedents (12) Adding objects to the 
environment 12.5

Cunha et al. (2015)*; Brazil; Quality rating: moderate

Schoolchildren, N = 574  
(n = 293 I-group, n = 
281 C-group)

Mean age 11.2 (SD 1.3) y
Schools

To evaluate the effectiveness of 
a school-based intervention 
involving the families and 
teachers that aimed to promote 
healthy eating habits in 
adolescents; the ultimate aim of 
the intervention was to reduce 
the increase in body mass index 
of the students

Frequency of consumption of 
soda and cookies

Clusters n = 5 BCTs n = 8 +
Soda
CookiesGoals & planning (1) Goal setting 1.1

Problem solving 1.2
Action planning 1.4

Feedback & monitoring (2) Feedback on behavior 2.2

Social support (3) Social support (unspecified) 
3.1

Social support (practical) 3.2

Natural consequences (5) Information about social 
and environmental 
consequences 5.3

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Behavior substitution 8.2

(continued)
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Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Ferguson et al. (2021); Jamaica; Quality rating: Moderate

US-identified Jamaican 
adolescents and mother 
dyads, N = 92

11 to 13 y (mean 12.79,  
SD = 0.49 y)

Workshops and SMS 
messages

To promote healthier eating among 
by improving their critical 
thinking skills about food 
advertising

The presence (1) or absence 
(0) of sugary foods/
beverages

Clusters n =4 BCTs n = 4 0

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Comparison of outcomes (9) Credible source 9.1

Fonseca (2019); Brazil; Quality rating: moderate

Schoolchildren, N = 461  
(n = 273 I-group; n = 
188 C-group)

Mean age 14.8 (SD 1.0) y
Schools

To evaluate the effect of a nutrition 
intervention that used a 
problem-raising approach and 
pictorial representations on the 
promotion of knowledge and 
practices of healthier eating

Regular (5+/wk) 
consumption of soft 
drinks, sweets (candies), 
cookies

Clusters n = 4 BCTs n = 4 0

Shaping knowledge (4) Instruction on how to perform 
the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Comparison of behavior (6) Social comparison 6.2

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Franken et al. (2018)*; Netherlands (Aruba); Quality rating: strong

Schoolchildren, N = 377  
(n = 192 I-group; n = 
184 C-group)

Mean age 11 (SD 0.98) y
Schools

To test the efficacy of a social 
network–based intervention 
promoting water consumption 
in schools

Consumption of water and 
of SSB

Clusters n = 4 BCTs n = 5 +
SSB
0
water

Social support (3) Social support (unspecified) 
3.1

Natural consequences (5) Information about social 
and environmental 
consequences 5.3

Antecedents (12) Adding objects to the 
environment 12.5

Identity (13) Identification of self as role 
model 13.1

Framing, reframing 13.2

Freedman and Nickell (2010); United States; Quality rating: weak

N = 49 adolescents (and 
parents)

Mean age 11.1 (SD 0.3) y
Pre–post data collected
Public libraries

To determine if after-school 
nutrition workshops held in 
public libraries were related to 
lasting changes in food choice

Frequency of intake of 
water, soda, and sports 
drinks

Clusters n = 7 BCTs n = 9 0 (Water increased 
but assigned to 
seasonal effect)Goals and planning (1) Goal setting (behavior) 1.1

Action planning 1.4

Social support (3) Social support (unspecified) 3.1

Shaping knowledge (4) Instruction on how to perform 
the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Comparison of behavior (6) Demonstration of the 
behavior 6.1

Social comparison 6.2

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Identity (13) Framing/reframing 13.2

Table 2.
(continued)

(continued)
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Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Gustafson et al. (2019); United States; Quality rating: weak

N = 441 (n = 277 I-group; 
n = 134 C-group)

Mean age 15 y
Home

To evaluate a mentor-led 
text-messaging intervention 
among 14- to 16-y-old rural 
adolescents: the “Go Big and 
Bring It Home” Project to 
improve fruit and vegetable and 
healthy beverage intake

Energy intake from SSB Clusters n = 3 BCTs n = 6 0

Goals & planning (1) Goal setting (behavior) 1.1
Action planning 1.4
Review behavior (goals) 1.5

Feedback & monitoring (2) Feedback on behavior 2.2

Social support (3) Social support (unspecified) 3.1

Reward and threat (10) Social reward 10.4

Gutschall and Settle (2013); United States; Quality rating: moderate

Rural preadolescent and 
adolescent children, 
N = 44

Mean age 12.6 (SD 1.9) y
Pre–post test data 

collected
Schools

To evaluate an after-school 
nutrition education intervention 
incorporating constructs from 
social cognitive theory

Weekly frequency of 
consumption of sweet 
snacks and of sweetened 
beverages

Clusters n = 5 BCTs n = 9 +

Goals & planning (1) Goal-setting behavior 1.1
Problem solving 1.2
Review behavior goals 1.5

Feedback & monitoring (2) Feedback on behavior 2.2.
Self-monitoring of behavior 2.3

Social support (3) Social support (unspecified) 3.1

Shaping knowledge (4) Instruction on how to perform 
the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Hassapidou et al. (1997); Greece; Quality rating: moderate

High school children  
(n = 73 I-group, n = 53 
C-group)

Aged 13 to 14 y
Schools

To develop and implement a dietary 
intervention aimed at lower 
secondary school to promote a 
traditional diet aimed at cancer 
prevention

Consumption of sweetened 
milk drinks, cake, honey, 
jam and marmalade

Clusters n = 3 BCTs n = 3 +
Milk and honey 

drinks (girls only)
Jam and marmalade 

(boys only)
0
Cake
Milk and honey (boys 

only), jam and 
marmalade (girls 
only)

Natural consequences (5) Information about health 
consequences 5.1

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Comparison of outcomes (9) Credible source 9.1

Hölund (1990)*; Denmark; Quality rating: strong

N = 114 (n = 59 I-group;  
n = 55 C-group)

Age 14 y
Schools

To evaluate the impact of a health 
education program knowledge 
of sugar and caries, knowledge 
of sugar and nutrition, and 
beliefs about susceptibility and 
self-efficacy

Weekly frequency of sugar 
intake, sugar score, 
sweet between meal 
score

Clusters n = 5 BCTs n = 6 +

Shaping knowledge (4) Information about 
antecedents 4.2

Natural consequences (5) Information about health 
consequences 5.1

Comparison of behavior (6) Social comparison 6.2

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Identity (13) Identification of self as role 
model 13.1

Incompatible beliefs 13.3
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Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Hoppu et al. (2010); Finland; Quality rating: weak

Schoolchildren = 769 
(I-group, n = 187 girls 
and n = 151 boys; 
C-group, n = 182 girls 
and n = 139 boys)

Mean age 13.8 y
Schools

To deliver and evaluate an 
intervention that aimed to 
decrease the intake of sucrose, 
increase the intake of fiber and 
the consumption of fruits and 
vegetables among secondary-
school pupils

Percentage energy (%E) 
from sucrose (the 
proportion of children 
with various weekly 
frequency of sweets 
[candy] was also noted)

Clusters n = 1 BCTs n = 2 +
(2.4% decrease)

Antecedents (12) Restructuring the physical 
environment 12.1

Adding objects to the 
environment 12.5

Jarpe-Ratner et al. (2016); United States; Quality rating: weak

Economically 
disadvantaged children, 
N = 271

Ages 8 to 14 y (grades 
3–8)

Pre–post data collection
Schools

To evaluate a community-based 
cooking and nutrition education 
program in students from low-
income families

Proportion that consumed 
soft drinks daily

Clusters n = 7 BCTs n = 8 0

Social support (3) Social support (unspecified) 
3.1

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Information about social 
and environmental 
consequences 5.3

Comparison of behavior (6) Demonstration of the 
behavior 6.1

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Comparison of outcomes (9) Credible source 9.1

Identity (13) Identification of self as role 
model 13.1

Kamin et al. (2022); Slovenia; Quality rating: weak

Schoolchildren aged 10 to 
16 y, N = 672

To test an intervention using 
both communication and an 
environmental approaches to 
replace SSBs with noncaloric 
beverages

Consumption of water, SSB, 
and juices

Clusters n = 2 BCTs n = 3 +

Antecedents (12) Restructuring the physical 
environment 12.1

National consequences (5) Information about health 
consequences 5.1

Information about social 
and environmental 
consequences 5.3

Kebaili et al. (2014); Tunisia; Quality rating: weak

N = 2,200
12 to 16 y
I-group 13.3 (SD 1.1) y, 

C-group, 13.5 (SD 1.2) y
School

To evaluate the effects of a school 
intervention program to promote 
healthy nutrition knowledge, 
intention, and behavior

Proportion consuming soft 
drinks daily

Clusters n = 2 BCTs n = 3 0

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Information about social 
and environmental 
consequences 5.3
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Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Keshani et al. (2019); Iran; Quality rating: moderate

N = 311 (n = 163 I-group;  
n = 148 C-group)

Mean age, 13.9 (SD 0.9) y
Urban schools

To assess the impact of educational 
intervention, based on the health 
belief model and collaborative 
learning techniques on diet 
quality in adolescents

A sugar score based on 
consuming less than 10% 
E as added sugars (not 
clearly described)

Clusters n = 3 BCTs n = 3 +

Goals and planning (1) Problem solving 1.2

Natural consequences (5) Information about social 
and environmental 
consequences 5.3

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Lane et al. (2018); United States; Quality rating: moderate

N = 71 (n = 43 I-group,  
n = 28 C-group)

Mean age, I-group 11.7 
(SD 0.6) y, C-group 11.8 
(SD 0.7) y

Schools

To test the feasibility of Kids 
SIPsmartER, a school-based 
intervention to reduce 
consumption of SSBs

SSB (fl oz) Clusters n = 6 BCTs n = 11 0
(I-group 

significantly 
decreased SSB; 
however, no 
between-group 
difference in 
change in SSB 
consumption)

Goals & planning (1) Goal setting (behavior) 1.1
Problem solving 1.2
Action planning 1.4

Feedback & monitoring (2) Self-monitoring of behavior 
2.3

Social support (3) Social support (unspecified) 
3.1

Social support (practical) 3.2

Natural consequences (5) Information about health 
consequences 5.1

Information about social 
and environmental 
consequences 5.3

Comparison of behavior (6) Social comparison 6.2.

Identity (13) Identification of self as role 
model 13.1.

Incompatible beliefs 13.2.

Marchetti et al. (2015); Italy; Quality rating: weak

N = 47
Mean age 14.9 (1.0) y
Web-based (recruitment 

via schools)

To design, develop, and evaluate 
a game for health, which aimed 
to improve nutrition knowledge 
and to increase consumption of 
healthier foods

Frequency of consumption 
of soft drinks, sugar-
containing packaged 
snacks, cakes, biscuits

Clusters Insufficient 
description to enable 
coding

BCTs
Insufficient description to 

enable coding

+
Sugar snacks
0
Other outcomes

Mayer et al. (2003); Brazil; Quality rating: weak

N = 186 (I-group [intense] 
n = 66, I-group less 
comprehensive, n = 60, 
C-group n = 60)

Aged 13 y at baseline 
(and 16 and 21 u at 
follow-ups)

Schools of medium to high 
economic status

To assess the long-term effect 
of oral health preventive 
interventions (comprehensive vs 
less comprehensive) and control

Percentage consuming 
sweets in between meals

Clusters n = 2 BCTs n = 2 +

Social support (3) Social support (unspecified) 
3.1

Natural consequences (5) Information about health 
consequences 5.1

Mora and Lopez-Valcarcel (2018); Spain; Quality rating: weak

N = 3,291
12 to 13 y (seventh grade)
Schools

To determine any change in food 
and drink choice following 
participation in a 50-min 
nutrition workshop

Percentage switching to 
water or milk vs SSB or 
fruit juice following the 
workshop

Clusters n = 1 BCTs n = 1 +
19% I vs 11% in 

C switched to 
healthier drink

Natural consequences (5) Information about health 
consequences 5.1
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Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Ooi et al. (2022); Australia; Quality rating: moderate

Schoolchildren aged 
12 to 15 y, n = 862 
(471 I-group and 389 
C-group)

Lower than average SES
Schools

To reduce consumption of SSB SSB consumption as mL and 
as % energy intake

Clusters n = 5 BCTs n = 7 0

Goals & planning (1) Goal setting (behavior) 1.1

Social support (3) Social support (unspecified) 
3.1

Social support (practical) 3.2

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Natural consequences (5) Information on health 
consequences 5.1

Antecedents (12) Restructuring the physical 
environment 12.1

Adding objects to the 
environment 12.5

Oosthuizen et al. (2011); South Africa; Quality rating: weak

N = 75 (n = 55 I-group,  
n = 20 C-group)

9 to 13 y
Community peri-urban 

(after school hours)

To implement a nutrition education 
program to improve the dietary 
intake patterns and food choices

Portion size of sugar, 
sweets, cookies, water, 
milk, cordial and sweet 
milk drink

Percentage that consumed

Clusters n = 1 BCTs n = 1 0

Antecedents (12) Adding objects to the 
environment 12.5

Rani et al. (2013); India; Quality rating: moderate

High school students  
n = 196

Schools

To assess the knowledge and 
practices with respect to healthy 
diets before and after a nutrition 
education program

Students drinking soft drinks 
1 or more times per day, 
n (%)

Clusters n = 3 BCTs n = 3 +

Feedback & monitoring (2) Feedback on behavior 2.2

Natural consequences (5) Information about health 
consequences 5.1

Comparison of behavior (6) Social comparison 6.2

Russ et al. (1998); United States; Quality rating: weak

High school girls from 
rural medically 
underserved area,  
N = 41 (I-group 18, 
C-group 21)

Schools

This preliminary study assessed 
the efficacy of a World Wide 
Web–based set of nutrition 
modules that served as an 
adjunct to a basic didactic health 
curriculum

Regular soda intake Clusters n = 4 BCTs n = 6 +
(Both groups 

reduced intake 
but BCTs 
delivered to 
both groups)

Goals & planning (1) Goal setting 1.1
Action planning 1.4
Review behavioral goals 1.5

Feedback & monitoring (2) Feedback on behavior 2.2

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Antecedents (12) Adding objects to the 
environment 12.5

Ryan-Ibarra et al.; United States; Quality rating: moderate

Teens aged 12 to 17 y from 
US states: Alabama, 
Florida, Georgia, 
Kentucky, Mississippi, 
North Carolina, South 
Carolina, and Tennessee

To assess the relationship of direct 
nutrition education programs 
on changes in participants’ 
behaviors related to healthy 
eating and shopping

Drinking water frequency
Drinking fewer SSBs
Consuming low-fat or fat-

free milk

Clusters Insufficient 
description to enable 
coding

BCTs
Insufficient description to 

enable coding

+
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Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Santalo et al. (2019); Canada; Quality rating: weak

Adolescents aged 14 to 19 
y, mean age 15.9 (SD 
1.0) y; 74% girls

N = 203 (I-group 101, 
C-group 102)

Schools

To deliver an intervention to 
enhance sugar literacy 
(knowledge, awareness, skills, 
and intention to change)

Frequency of limiting foods 
high in added sugar 
(Likert scale 1 = rarely to 
7 = always)

Clusters n = 5 BCTs n = 5 0

Goals & planning (1) Goal setting (behavior) 1.1

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Comparison of behavior (6) Social comparison 6.2

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Sharps et al. (2019); United Kingdom; Quality rating: weak

Adolescent (13 to 16 y), 
mean age 14.36 (SD 
1.06) y

N = 44 (I-group 23, 
C-group 21)

Social media

To test an intervention aiming to 
reduce self-reported desired 
portion sizes of high-energy-
density snacks and SSBs using 
peer influence

SSB frequency of 
consumption (6-point 
Likert-style scale from 
once per month or never 
to daily)

Clusters n = 1 BCTs n = 2 0

Comparison of behavior (6) Demonstration of the 
behavior 6.1

Social comparison 6.2

Shen et al. (2021); Taiwan; Quality rating: moderate

Adolescents with low SES, 
n = 153

Aged 10 to 15 y
After-school clubs

To investigate whether an after-
school nutrition education 
program improved nutrition 
knowledge and healthy eating 
behavior

SSB servings/day Clusters n = 3 BCTs n = 3 0

Shaping knowledge (4) Instruction on how to 
perform the behavior 4.1

Natural consequences (5) Information about health 
consequences 5.1

Comparison of outcomes (9) Credible source 9.1\

Shirin et al. (2022); Iran; Quality rating: weak

Schoolchildren, n = 120
Aged 10 to 12 y
Schools

To investigate any effect of an 
educational intervention based 
on poetry, game, and problem-
solving skills on nutrition 
knowledge and behavior

Percentage not consuming 
sugar, candy, or SSB; 
water consumption

Clusters n = 2 BCTs n = 2 +

Natural consequences (5) Information about health 
consequences 5.1

Repetition and substitution 
(8)

Behavioral practice/
rehearsal 8.1

Shukri et al. (2017); Malaysia; Quality rating: weak

Schoolchildren aged  
10 y, N = 51

Schools

To evaluate an intervention aimed 
at changing attitude, intention, 
and dietary habits

Soda drink intake; sweet 
food (ice cream, cakes, 
candy, chocolate) intake

Clusters n = 2 BCTs n = 2 +

Natural consequences (5) Information about health 
consequences 5.1

Repetition & substitution (8) Behavioral practice/
rehearsal 8.1

Table 2.
(continued)

(continued)



Vol. 10 • Issue 3 Behavior Change Techniques for Reducing Sugar Intake by Adolescents

239

Population and Setting Study Aim
Target Behaviors and 

Outcomes Measured
BCT Clusters (Number in 

Taxonomy)

Individual BCTs Applied 
and Number in 

Taxonomy Effect +/0/−a

Sichieri et al. (2009); Brazil; Quality rating: moderate

Schoolchildren, n = 1,140 
(I-group 526, C-group 
608)

Aged 9 to 12 y
Most with low SES
Schools

To evaluate an intervention 
aimed at discouraging sugar-
sweetened carbonated beverage 
consumption to prevent 
excessive weight gain

Mean change in intake of 
carbonated soft drinks

Clusters n = 3 BCTs n = 3 +

Social support (3) Social support (unspecified) 
3.1

Natural consequences (5) Information about health 
consequences 5.1

Antecedents (12) Adding objects to the 
environment 12.5

Smith et al. (2019)*; United States; Quality rating: weak

Schoolchildren, n =573, 
80% from rural 
Tennessee and more 
than half from poorest 
areas

Mean age 15.97 (SD 1.39) 
y, range 9 to 12 y

Schools

To evaluate an intervention that 
aimed to limit short-term SSB 
consumption and increase daily 
water consumption

Average servings of SSB and 
of water per day

Clusters n = 4 BCTs n = 6 +

Goals & planning (1) Goal setting (behavior) 1.1
Commitment 1.9

Social support (3) Social support (unspecified) 
3.1

Natural consequences (5) Information about health 
consequences 5.1

Information about social 
and environmental 
consequences 5.3

Antecedents (12) Adding objects to the 
environment 12.5

Tolvanen et al. (2010)*; Finland; Quality rating: strong

Adolescents, mean age 
11.9 y (95% CI 11.84, 
11.94)

In dental clinical 
practice in school and 
community

To evaluate an oral health 
promotion program aiming 
to deliver relevant, sufficient, 
and correct knowledge and 
to change oral health–related 
behavior, in particular, to provide 
social support for a behavioral 
change

Eating candy less than daily
Consuming SSB less than 

daily

Clusters n = 1 BCTs n = 1 +
candy
0
SSB

Natural consequences (5) Information about health 
consequences 5.1

Vangipuram et al. (2016); India; Quality rating: weak

Adolescents, n = 450
Aged 12 to 15 y
Dental practice

To compare an oral health 
intervention delivered by 
peers vs delivered by dentists 
compared with a control group

Frequency of SSB 
consumption and of 
candy consumption

Clusters
Insufficient description to 

enable coding

BCTs
Insufficient description to 

enable coding

+

Wang et al. (2017)*; China; Quality rating: weak

Rural schoolchildren aged 
12.7 (SD 0.5) y, N = 123

Schools

To evaluate an intervention using an 
ecological approach to improve 
adolescents’ nutrition-related 
knowledge, attitudes, and 
behavior

The percentage not 
consuming soft drinks or 
desserts

Clusters n = 2 BCTs n = 2 +

Social support (3) Social support (unspecified) 
3.1

Natural consequences (5) Information about health 
consequences 5.1

BCT, behavior change technique; CI, confidence interval; C-group, control group; I-group, intervention group; SES, socioeconomic status; SSB, sugar-sweetened 
beverage.
Global quality ratings were assigned as per the Effective Public Health Practice Project Quality Assessment Tool for Quantitative Studies (Armijo-Olivo et al. 2012; 
Thomas et al. 2004), where global rating corresponds to number of weak ratings: strong (no weak ratings), moderate (1 weak rating), or weak (2 or more weak 
ratings).
aOnly the most recent reference associated with the study is cited. For references with an asterisk, see Appendix Table 10 for earlier papers associated with the 
study.
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planning” (cluster 1), present in 12 of 35 
interventions.

There were 5 BCT clusters, 
comprising 29 individual BCTs in the 
taxonomy, which were not applied 
in any intervention. These included 
“Associations” (cluster 7), “Regulation” 
(cluster 11). “Scheduled consequences” 
(cluster 14). “Self-belief” (cluster 15), and 
“Covert learning” (cluster 16). In addition 
to the individual BCTs within these 5 
clusters, an additional 39 individual 
BCTs from within the 11 included 
clusters were not identified as being 
used in any intervention (Appendix 
Table 9). Collectively, 73% (68 of 93) of 
the individual BCTs in the taxonomy 
were not applied in the identified 
interventions.

Results of Evidence Synthesis 
by Vote Counting

Figure 3 presents the results of the 
evidence synthesis by vote counting. 
For each BCT applied in 5 or more 
studies, the graph indicates the balance 
and quality of those studies showing a 
positive versus null or negative impact 
on reduction of sugars outcomes. Based 

on a vote-counting assessment of studies 
rated strong or moderate only, the BCTs 
that were most strongly associated with 
a positive reduction in sugars intake 
were 2.2 Feedback on behavior, 5.3 
Information on social and environmental 
consequences (100% of strong- and 
moderate-quality studies applying these 
techniques successfully reduced sugars 
intake), 1.2 Problem solving, and 6.2 
Social comparison (75% of strong- and 
moderate-quality studies applying these 
techniques successfully reduced sugars 
intake).

Discussion

This review has shown that evidence 
from moderate- and high-quality studies 
most strongly support interventions that 
provide feedback on behavior (e.g., 
informing the adolescent how many 
teaspoons of sugar they consumed in a 
day), provide information on the social 
and environmental consequences (which 
included consequences other than those 
that were directly related to health or 
were unspecified), include problem 
solving (e.g., prompt the adolescent to 

identify the barriers preventing them 
from eating less sugary foods and drinks 
and discuss ways to overcome the 
barriers), and include social comparison 
(e.g., show the adolescent their average 
intake of SSB compared with that of 
their peers) for reducing intake of sugar/
sugars-containing foods and/or drinks in 
adolescents. The findings showed that 
the effectiveness of the majority (73%) 
of the BCTs in the Behavioural Change 
Taxonomy (Michie et al. 2013) on sugars 
reduction in adolescents had not been 
tested.

Previous research investigating the 
efficacy of BCTs from the Behavioural 
Change Taxonomy (Michie et al. 2013), 
when applied to different dietary 
scenarios and age groups from that of 
the current study, have shown different 
results, which suggests the effectiveness 
of BCT varies by target age group. 
For example, in a review of the most 
effective BCT for changing diet in young 
adults aged 17 to 35 y, Habit formation 
(BCT 8.3), Salience of consequences 
(BCT 5.2), and Adding objects to the 
environment (BCT 12.5) were the most 
effective BCTs (Ashton et al. 2019). With 

Figure 2. Frequency of Behavioural Change Technique Taxonomy V1, behavior change techniques used in the included intervention 
studies (descending order).
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Figure 3. Harvest plots: the balance of interventions that had positive, null, or negative effects on lowering sugar-related outcomes for 
each BCT (for BCTs applied in 5 or more identified interventions).
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Strong
Moderate
Weak

5.0 Natural consequences

5.1 Information about health
consequences

3.0 Social Support

3.1 Social support unspecified

4.0 Shaping knowledge

4.1 Instruction on how to
perform the behaviour

Favourable outcome

2.0 Feedback & Monitoring

2.2 Feedback on behaviour

1. Goals & Planning

1. Goal setting behaviour

1.2 Problem solving

1.4 Action & Planning

12.0 Antecedents

12.5. Adding objects to the
environment

5.3 Information about social &
environmental consequences

6.0 Comparison of behaviour

6.2 Social Comparison

8.0 Repetition and substitution

8.1 Behavioural practice/rehearsal

Null outcomes

Dark bars depict studies rated as strong, striped bars depict studies rated moderate, and dotted bars depict studies rated as weak. *Study had different effects for 
different sugar outcomes. Significantly lowered sugar intake but no difference in reported frequency of intake of high-sugars foods and high-sugars drinks. BCT, 
behavioral change technique; SSB, sugar-sweetened beverage.
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the current younger age group, the 
evidence in support of Information on 
social and environmental consequences, 
and Social comparison suggests that 
young adolescents are influenced by 
their peers and social pressure. Indeed, 
previous research shows that adolescent 
dietary behavior is influenced by 
descriptive norms (the perception of 
what most adolescents do) (Verstraeten 
et al. 2014). Another systematic review 
of BCTs to promote physical activity 
in children aged 9 to 12 y from lower 
socioeconomic backgrounds found 
that 40 of the 93 individual BCTs (43%) 
had been applied to physical activity 
promotion, which is a higher proportion 
compared with the current study (27%). 
The most commonly applied BCTs 
for physical activity promotion were 
Behavioral practice rehearsal (BCT 8.1) 
and Instruction on how to perform the 
behavior (BCT. 4.1). However, these 
BCTs were shown to be applied in both 
effective and ineffective studies, and 
major differences in BCTs in effective 
versus noneffective interventions were 
not found. In the current analysis and in 
previous assessments of the effectiveness 
of different BCTs, the BCT Information 
on health consequences was broadly 
applied across effective and noneffective 
intervention studies, suggesting that 
providing information on specific health 
consequences as an individual BCT 
may not be effective in this age group. 
One intervention study (rated strong 
quality) applied the BCT on Information 
on health consequences in isolation but 
showed mixed results (reduced candy 
consumption but not SSB). However, 
providing education should be viewed as 
a part of a series of measures required to 
bring about sustained change and has an 
important role to play in driving change 
in opinion (Moynihan and Miller 2020). 
It is possible that providing information 
on health consequences is more effective 
when applied in conjunction with other 
BCTs, but this hypothesis remains to be 
tested.

The suggestion that interventions 
are likely to be more effective when 
BCTs are employed compared with 

education only is also relevant to 
wider oral health intervention. Tsai 
et al. (2020) in a systematic review 
evaluating the effectiveness of oral health 
promotion interventions in adolescents 
also found that interventions targeting 
adolescents that used behavioral change 
theory were more effective than those 
that were solely educational based. 
However, few oral health interventions 
comprehensively address sugars 
consumption: in a systematic review 
of oral health interventions, only 7 of 
17 trials included a dietary element, 
which was in general knowledge based 
(Xiang et al. 2020). Future oral health 
interventions targeting adolescents 
should include evidence-based 
techniques to support lowering sugars 
intake.

In the current study, there did not 
appear to be any difference in study 
effectiveness according to the number of 
individual BCTs applied, which varied 
considerably but with a median of 4 
BCTs for both effective and noneffective 
interventions. This median is lower 
than the median of 7 (range 1–13) 
BCTs applied to interventions targeting 
energy balance–related behaviors in 
children from lower socioeconomic 
status of 7 (range 1–13) (Anselma et al. 
2020) and the median of 5 (range 1–25) 
BCTs applied to a wide range of dietary 
behaviors in young adults (Ashton et al. 
2019).

Limitations

In the current analysis, the coding 
of BCTs was done retrospectively 
from published articles, and none of 
the included studies described the 
interventions against a BCT taxonomy. 
It is therefore possible that BCTs may 
have been missed due underreporting of 
intervention details in the study methods. 
It is also possible that studies in which 
interventions were poorly described or 
lacked details resulted in BCTs that may 
have been present in the intervention 
being not being coded. It is also 
possible that variation in terminology 
used to describe the interventions led 
to miscoding, although coding was 

done independently in duplicate to 
minimize this occurrence. Direct coding 
of the intervention materials may 
have been a more reliable approach 
to take but was not feasible because 
intervention materials and/or the source 
of such materials referred to were not 
always presented. Future studies when 
reporting intervention details should map 
approaches against a recognized BCT 
taxonomy such as the one used in the 
current evidence synthesis and report of 
the specific BCTs applied.

The current evidence synthesis by 
vote count dichotomized effect as 
effective versus noneffective and did 
not consider the size of the change 
in intake of sugars/sugars-containing 
items. Moreover, due to the diversity 
of the combinations of different BCTs 
applied in the included studies, it was 
not possible to compare the effectiveness 
of different combinations of BCT as no 
2 studies were the same. This analysis 
also assessed only the presence or 
absence of a BCT. However, it is also 
likely that there were differences in 
how BCTs were applied, for example, 
the intensity and frequency the BCT 
was applied, consequent attendance/
participation in an intervention, fidelity 
(whether the intervention was delivered 
as intended; BCTs could have been 
added/omitted unknowingly), and who 
delivered the intervention and how, 
and between-individual receptiveness 
to a particular BCT may also have 
had an impact on behavior change. 
Therefore, the effectiveness of a BCT 
depends on several factors around how 
it is applied that were not captured in 
the present assessment. A strength of 
the study was that it identified studies 
from a wide geographical spread of 
countries. However, it is also possible 
that the effectiveness of different BCTs 
varies by cultural factors, which further 
complicates the picture.

Future Research

Future research is needed to evaluate 
the effectiveness of BCTs in the 
taxonomy clusters for which no data on 
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effectiveness were identified (Appendix 
Table 9). Many of the individual BCTs 
in these clusters would potentially lend 
to sugars reduction. For example, for 
the cluster “Associations,” the use of 
prompts and cues (BCT 7.1), which has 
been shown to be moderately effective 
in dietary interventions of young adults 
(Ashton et al. 2019), remains to be 
tested in adolescents. Likewise, the 
effectiveness of BCTs in the “Regulation” 
cluster such as “Conserving mental 
resources” (BCT 11.3; e.g., advising 
adolescents to carry a list of the sugar 
content of foods) could be tested. The 
UK Change4Life Sugar Smart Smartphone 
Application (App), which enabled users 
to scan and check the sugar contents of 
foods with bar codes, is an example of 
how this BCT can be applied. The Sugar 
Smart App was shown to be effective in 
younger children (5 to 11 y) (Bradley 
et al. 2020), but it was not tested in 
adolescents. For the cluster “Scheduled 
consequences,” BCTs such as “Schedule 
specific reward” (BCT 14.6; e.g., provide 
a reward for eating sugar at mealtimes 
only and not between meals) could be 
evaluated. In the present study, social 
comparison was identified as beneficial 
for sugars reduction; therefore, further 
assessment of thus far untested BCTs that 
involve some degree of adaptive peer 
influence is warranted (e.g., 3.3 Social 
support [emotional], 6.3 Information 
about others’ approval). The BCTs within 
“Self-belief” (cluster 15) and “Covert 
learning” (cluster 16) also warrant further 
research. Further exploration of the 
degree of effectiveness of different BCTs 
could include trials with multiple arms 
using BCTs alone or in combination to 
enable the simple and combined effects 
of BCTs to be determined. Such trials 
would, however, likely be complex and 
require large numbers of participants.

Conclusion

This evidence synthesis of the 
effectiveness of BCTs applied to sugars 
reduction in early to mid-adolescents 
suggests that the most effective BCTs for 
sugars reduction are providing feedback 
on behavior, including information 

about the social and environmental 
consequences, problem solving, and 
social comparison. Future studies should 
prospectively test the efficacy of BCTs 
and include details of applied BCTs in 
written reports.
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