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Theoretical and practical approaches for dietary behavior
change in urban socioeconomically disadvantaged adolescents:
a systematic review

Silvia Bel-Serrat (@, Ellen Greene, Amy Mullee, and Celine M. Murrin

Context: There is limited evidence on strategies used to promote dietary behavior
changes in socioeconomically disadvantaged urban adolescents and on their ef-
fectiveness. Objective: A synthesis of nutrition interventions used in this group of
adolescents is provided in this systematic review. Data Sources: Five electronic
databases (PubMed, Web of Science, CINAHL, PsycINFO, and ERIC) were searched
until November 2020 to identify relevant studies. Data Extraction: Forty-six manu-
scripts (n = 38 intervention studies) met the inclusion criteria. Quality was assessed
with the Effective Public Health Practice Project Quality Assessment Tool. A qualita-
tive synthesis summarizing data on study characteristics was conducted. Data
Analysis: Studies were classified by intervention type as those focusing on hedonic
determinants of dietary intake (n= 1), environmental changes to promote a spe-
cific dietary intake (n= 3), cognitive determinants (n=29), and multicomponent
strategies (n=13). The social cognitive theory was the most applied theoretical
framework, either alone or combined with other frameworks. Most of the interven-
tion studies targeted multiple dietary outcomes, and success was not always
reported for each. Conclusions: Despite the heterogeneity of the studies and lack
of combination of dietary outcomes into dietary scores or patterns to evaluate
changes on the individuals’ whole diets, long-term, theory-driven interventions
targeting a single dietary factor seem promising in obtaining sustainable dietary
behavior changes.

Systematic Review Registration: PROSPERO registration no. CRD42020188219.

INTRODUCTION factors together with specific biological and social

changes that occur during this time and are shaped by

Adolescence is a period of rapid growth and physical, social determinants of health.” Furthermore, future
psychological, and emotional development changes. health-related-behaviors are established during this life
Adolescent health is determined by early childhood phase, which can lead to the onset of certain chronic
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diseases during adulthood and also can impact the
health and development of the next generation and po-
tential offspring.” Therefore, addressing adolescents’
unhealthy behaviors will contribute not only to their fu-
ture health but to the health of the next generations.”

As with other health behaviors, eating patterns
established during adolescence track into adulthood.™
According to the World Health Organization, a healthy
diet includes the intake of fruit, vegetables, legumes,
nuts, and whole grains, coupled with limited free sugars,
saturated and trans- ats, and salt consumption.” Having
a healthy diet is crucial to maintain a healthy lifestyle
and to prevent chronic diseases such as obesity, cardio-
vascular diseases, or cancer, among others.”® According
to the latest report of the Health Behaviour in School-
Aged Children survey conducted among European and
Canadian adolescents, most adolescents do not meet the
current nutritional recommendations.”  Although
intakes of fruit and vegetables have increased and con-
sumption of sweets and soft drinks has declined since
2014, nearly two-thirds of the adolescents do not eat
enough fruits and vegetables and 1 in 4 and 1 in 6 eats
sweets and sugary drinks, respectively, daily.” In addi-
tion, the report highlighted that social inequalities are
still present in eating behaviors. Adolescents from socio-
economically disadvantaged backgrounds had unhealth-
ier eating habits, because they were less likely to eat fruit
and vegetables daily and more likely to consume soft
drinks than were their more affluent peers.” Similarly, in
their the systematic review, Desbouys et al® concluded
that higher parental socioeconomic status was associated
with healthier dietary patterns and higher dietary scores,
including intake of greater amounts of fruits, vegetables
and dairy products intake and lower intake of sugar-
sweetened beverages and energy-dense foods among
adolescents. For that reason, prevention efforts should
be made to promote the acquisition of healthy dietary
habits during adolescence, especially among those from
disadvantaged backgrounds.

Nutrition interventions may have the potential to
change dietary behavior in adolescents. However,
changing dietary behavior represents a considerable
challenge because the determinants of consumption are
multiple, whether general, environmental, or individual,
and interact to form a complex system.9 In addition, the
success of an intervention not only depends on the
determinants of intake targeted but on multiple factors
that may explain why many interventions do not result
in significant changes in dietary behaviors whereas
others do. In their review of how to design effective nu-
trition interventions for adolescents, Hoelscher et al'
identified some relevant factors that seemed to deter-
mine the success of nutrition interventions, such as us-
ing a theoretical framework; having a behavioral focus
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instead of a knowledge-based focus, including both in-
dividual and environmental components; delivering an
appropriate dose in terms of duration and intensity;
and applying strategies adequate to the developmental
stage of the adolescents. Likewise, in a more recent re-
view of multistrategy nutrition education programs for
adolescents attending secondary schools in developed
countries,'" authors concluded that programs that used
a theoretical model to guide the intervention were effec-
tive in significantly changing dietary intake. Other fac-
tors identified in the review that had impact on the
success of the school-based interventions included facil-
itation of the program by school staff and teachers, pa-
rental involvement, and changes to the school food
environment.'" However, little is known about the
strategies used to change dietary behavior in socioeco-
nomically disadvantaged adolescents and the effective-
ness of nutrition interventions in this population group.
Therefore, our systematic review question was “What
sort of behavior change techniques and theoretical
frameworks are applied among socioeconomically dis-
advantaged urban adolescents to change determinants
of diet and, consequently, improve their dietary behav-
iors?” Our aim for this review was to provide a synthesis
and critical review of the strategies and theoretical
frameworks used in dietary interventions carried out
with socioeconomically disadvantaged adolescents liv-
ing in urban areas. The results of this review will inform
the development of intervention studies that seek to
change dietary behaviors by promoting healthier dietary
habits in this population group.

METHODS

This systematic review was compliant with current rec-
ommendations of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses to report evi-
dence in a specific topic area.'” The systematic review
was registered with the International Prospective
Register of Systematic Reviews (PROSPERO; registra-
tion no. CRD42020188219). A search protocol was cre-
ated that can be accessed on request to the authors.

Our ultimate purpose for this review is to inform
the development of an intervention program to pro-
mote vegetable intake in adolescent boys and girls, aged
13-15 years, living in socioeconomically disadvantaged,
urban areas in a high-income country. For that reason,
to retrieve as many relevant studies as possible, adoles-
cence was defined as the period between 12 and
18 years, based on the stages of the school system: pre-
school (<6 years), primary school (6-12 years), and sec-
ondary school (12-18years). Samples of adolescents
were considered socioeconomically disadvantaged
when they were described as such by the study
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researchers or the study was conducted in a setting de-
scribed as socioeconomically disadvantaged," or >50%
of the study participants were classified as socioeco-
nomically disadvantaged on the basis of the socioeco-
nomic level indicator applied in the studies.

Search strategy

Five electronic bibliographic databases—PubMed, Web
of Science, CINAHL, Eric, and PsycINFO—were
searched from inception until November 2020 to iden-
tify relevant studies. Key search terms were combined
within the following 4 categories: lifestyle interventions
(eg, lifestyle, diet, exercise), health promotion, popula-
tion of interest (eg, adolescents, youth), and behavior
change strategies (eg, behavioral theory). To retrieve as
many studies as possible, no specific keywords were
used for socioeconomic status. As an example, the
search carried out in PubMed is provided as supplemen-
tary information (see Appendix S1 in the Supporting
Information online). Manual searches of reference lists
of previously published reviews and of the included
articles were carried out to identify additional studies.

Inclusion and exclusion criteria

To be eligible, studies had to meet the following criteria:
(1) included a sample comprising socioeconomically
disadvantaged individuals (or with largest percentage of
disadvantaged individuals or comparing disadvantaged
vs nondisadvantaged adolescents) aged between 12 and
18 years (or with a mean age between 12 and 18 years);
(2) reported on dietary and/or lifestyle, including diet,
interventions with the aim to change dietary behavior
regardless of their effectiveness; (3) conducted in urban
settings of high-income countries;'* (4) were primary
prevention trials (intervention studies) for healthy indi-
viduals, including randomized controlled trials, quasi-
experimental trials, and pretest-posttest studies; (5)
reported quantitative findings on intervention dietary
components; (6) were written in English, French,
Spanish, Portuguese, or Catalan; and (7) were published
in peer-reviewed journals. Table 1 summarizes the in-
clusion criteria.

Study selection, data extraction, and data synthesis

Two review authors (S.B.S. and A.M.) independently
screened 10% of the titles and abstracts against the study
selection criteria. The remaining 90% of the records were
screened by 1 reviewer (S.B.S.), who excluded irrelevant
records. Again, the same 2 reviewers independently
reviewed 10% of full-text papers that either met the eligi-
bility criteria or had insufficient information in the
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abstract to determine eligibility. One reviewer (S.B.S.)
reviewed the full text of the remaining papers and deter-
mined the final pool of articles included in the review.
The 2 researchers discussed any discrepancies that arose
during the screening of titles and abstracts and during
the review of the full texts, and reached an agreement.
There was no need to involve a third reviewer.

Two independent reviewers (S.B.S. and E.G.) per-
formed data extraction using an Excel spreadsheet to
collect key data from each study, including first author
and year of publication; study design; project name (if
any); aim; intervention setting; study population charac-
teristics (namely, sample size at baseline, age at baseline,
sex, race or ethnicity, setting, and country); theoretical
basis; intervention description; duration of exposure,
follow-up, and frequency; dietary outcome measure and
measurement tools; and main findings on the interven-
tion dietary components. Unclear or missing data about
the intervention and/or the study population were
sought by checking former related references.

Given that the aim of this review was exploratory
and high heterogeneity was found among study meth-
odologies and outcome measures, no attempts were
made to quantitatively combine the studies, such as
through meta-analysis. Therefore, a qualitative synthesis
summarizing data on study characteristics and on the
results of the included studies was conducted.

Study quality assessment

The quality and risk of bias of each included study were
assessed using the Effective Public Health Practice Project
Quality Assessment Tool.'” Studies were individually
rated on a variety of components, including selection
bias, study design, confounders, blinding, data collection
methods, withdrawals and dropouts, intervention integ-
rity, and analysis. Individual components were rated as
strong (score, 1), moderate (score, 2), or weak (score, 3).
For each study, a final score was obtained that considered
all the ratings of the individual components. Studies were
classified as strong (no weak ratings), moderate (1 weak
rating), or weak (>2 weak ratings). Those studies rated as
weak were not removed, but the risk of bias of their evi-
dence was highlighted. Two reviewers (S.B.S. and E.G.)
independently evaluated the studies. Reviewers compared
study component ratings and agreed on a final decision
to determine the final study quality.

RESULTS

Study selection

The study selection process is shown in Figure 1. After
removal of duplicates, 4711 articles were screened. An
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Table 1 PICO and other criteria for inclusion of studies

Criterion Included

Study design Primary prevention trials (inter-
vention studies)

Articles published in peer-
reviewed journals

English, Spanish, French,
Portuguese, Catalan

Urban settings in high-income
countries

Socioeconomically disadvan-
taged adolescents aged
12-18y from the general
population

Dietary and/or lifestyle, includ-
ing at least a dietary compo-
nent, interventions aiming to
change dietary behavior

No intervention

Dietary intake measurement

Type of publication
Language
Geographic region

Population (P)

Intervention/exposure (I)

Comparison/control (C)
Outcome (0)

additional 4502 articles were excluded upon review of
titles and abstracts. Of the remaining 209 full-text
articles reviewed, 163 were eliminated as a result of the
eligibility criteria. The review included a total of 46
articles that met the eligibility criteria. Among these 46
articles, a total of 38 interventions were identified.
Details of the studies are summarized in Table 2
' for interventions that focused on hedonic determi-
nants of dietary intake (n=1) and on environmental
changes to promote specific dietary intake (n=3).
Table 3°°~*® summarizes studies that included interven-
tions focused on cognitive determinants (n=29), and
Table 4*°°' summarizes studies in which researchers
used interventions that combined approaches (n =13).
Given the huge heterogeneity in dietary behaviors
investigated, intervention methodological aspects, die-
tary assessment methodologies applied, reported units
of measurement, and statistical analyses performed
in the studies, among other factors, no attempts were
made to synthesize the findings in terms of those
dietary behaviors most significantly influenced by the

16—

interventions.

Interventions aimed to change hedonic factors

One 2-phase, controlled intervention study16 conducted
over 2 weeks among high school teenagers in the
United States (9th through 12th grades) aimed to im-
prove or change the taste of vegetables by adding spices
and herbs to common vegetable recipes served in the
school canteen. After weighing plates’ waste, researchers
concluded that total vegetable consumption signifi-
cantly increased when spices and herbs were added to
typical recipes. They observed higher amounts of vege-
table intake when a student-led advocacy component
aiming to promote vegetable intake was incorporated.
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Interventions based on changing the environment

Changing the environment to encourage dietary behav-
ior change was the approach applied in 3 intervention
studies,'” ' although the study by Hovdenak et al'® was
the follow-up of another study.'” Bere et al'” provided
Norwegian children attending primary schools with ei-
ther free or paid fruit and vegetables once a day for a
whole academic year. At follow-up, and regardless of pa-
rental educational level, children who received free fruit
and vegetables had significantly higher intake of these 2
food items than those children who had to pay a fee to
take part in the program and those not receiving the pro-
gram at all. Children in the free program whose parents
had low educational level reported lower intakes of un-
healthy foods such as soda, candy and chips, as com-
pared with those children from low parental education
level who were not part of the program. After 15years,
Hodvenak et al'’ concluded that the tracking coefficients
for daily fruit intake were low considering the total sam-
ple and adjusting for intervention type, particularly
among those with parents from lower education. On the
other hand, Davis et al'® also provided free fresh fruit
and vegetable snacks to US high school teenagers (9th-
12th grades) for 3 school semesters. Despite the lack of
baseline measurement, a significantly higher percentage
of teenagers in the intervention reported eating fruit and
fruit juices at least twice a day at follow-up as compared
with their peers in the control school, though no differ-
ences were observed for vegetable intake.

Interventions based on changing or using
cognitive factors

In 29 articles, including 23 different interventions,
authors used information, education, or other cognitive
techniques to promote dietary behavior changes in ado-
lescents from disadvantaged backgrounds. Thirteen
studies followed a pretest-posttest design,”®*>>%*%
323539414410 were randomized controlled  tri-
als,?2242736738404245-47 1 st dy had a nonequivalent
control group design,” and 5 studies did not provide
details on the study design applied.”"*****>*® Seven
studies did not have a control group.”’?>?%3*3%4447
Most of the interventions were carried out in school set-
tings, including high schools,?!2326:27:29-32:34-39,4244:45
middle schools,**>***"*>*® and vocational schools.*°
Among the 3 studies that targeted the commu-
nity,”>*>*” 2 also included households.***” One study
targeted youth service agencies.”® Four interventions
were conducted in Australia,*>*******5 1 in England,*?
and 1 in the Netherlands.”® The remaining interven-
tions were conducted in the United States.” >**%%
39:39-4L43.97.48 gample sizes ranged between 16 and 2279
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Records identified through

Additional records identified through
reference lists of former reviews and

A

database searching after duplicate
removal (N = 4620)

A 4

Records screened (n =4711)

included papers (n =91)

Excluded on the basis of title and abstract

A4

Full-text articles assessed for

\4

(n=4502)

Full-text articles excluded (n = 163), with

eligibility (n = 209)

v

Studies included in qualitative
synthesis (n = 46)

Figure 1 Flow chart of the study selection process.

participants, with most studies including between 100
and 1000 participants. Only 4 studies had samples sizes
of >1000 participants,®****>** whereas 5 studies in-
volved <100 participants.”"**?%4748

A wide range and combination of theoretical
frameworks were applied to develop the intervention
programs. The social cognitive theory (SCT) was
the most commonly adopted framework, either
alone®”??2037404L43.44 o1 i combination with other
frameworks such as the self-determination the-
ory,**?*3%> the family systems theory,"” and Freire’s
empowerment education approach.”” One study applied
the transtheoretical theory,”® and 2 intervention studies
combined the transtheoretical theory with health pro-
motion models®®** or with the theory of planned be-
haviour.*” An extended theory of planned behaviour,*
the message interpretation process model,” the
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\4

reasons:

e No adolescent sample (n = 51)

e No quantitative results on intervention
dietary outcomes (n = 32)

e Participants’ income level unknown

e (n=23)

No socioeconomically disadvantaged

sample (n = 20)

No dietary intervention components

(n=9)

No intervention study (n =9)

Participants’ age unknown (n = 6)

No urban setting (n = 5)

No participants from general population

(n=4)

No high-income country (n = 3)

e Retracted article (n=1)

e o o o o o ]

intervention theory of Sidani and Branden,*® and the
self-regulation theory™® were among the other frame-
works adopted. No details on the framework applied or
on whether a framework was used were provided in 4
studjes 21:23:3435

The interventions applied a range of techniques to
promote dietary behavior change among disadvantaged
adolescents. Providing nutrition information and/or ed-
20,23-4043-45.4748 \yas the approach most com-
monly used, followed by development of nutrition-
related skills*»?"0733353945; application of goal-setting
techniques®>***>?%*34647, yse  of role-modeling™"
32384445 provision of tailored information,”®***” a
demonstration,”"*** or a gardening experience®'; use
of social support®®; and invoking of self-monitoring,*®
motivation,*® and behavioral skills.** Most of the inter-

vention studies (n=15) did not apply a unique

ucation
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(B =1.4;95%Cl,
0.1-2.8). After the

intervention,
(f = —3.5; 95%Cl,

there was a 3.5%
decrease in kcal
older interven-
tion-group youth,
compared with
the control group
—7.76, — 0.05).
No impact on
sugar-sweetened
beverages

Main findings on dietary
components®
from sweets for

(measures, tools)
and less healthy food

or beverage varieties
in the previous 7 d

Block Kids Food
purchasing behavior

Dietary outcome(s)
Frequency
Questionnaire and
Child Impact
Questionnaire for

caregivers 3-5 times

Duration of exposure,
follow-up, frequency
a week over 6 mo

nutrition education
in recreation centers,
in-store promotions,
text messaging, and
a social media pro-
gram directed at

through youth-led
caregivers

intervention

Intervention description
encouragement
Control: no

Intervention setting Population Theoretical basis
characteristics

cator (%)*
assistance programs:
SNAP (70.8%) or WIC

Socioeconomic level indi-
(22.4%)

Study design

Aim
sugar, high-fat snacks

and beverages

Table 4 Continued

Reference (country)

Nutrition Reviews® Vol. 80(6):1531-1557

consumption

Abbreviations: NSLP, National School Lunch Program; SNAP, Supplemental Nutrition Assistance Program; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

?Percentage of those study participants classified as socioeconomically disadvantaged according to the socioeconomic level indicator applied in the study.

PResults refer to the whole participating population unless otherwise stated.

approach but combined some of those listed in the pre-
ceding  sentence 202124252830-3638.3943-4547.48 [ ¢
articles, authors reported effective intervention out-
comes by improving the targeted dietary behav-
iors, 22028404548 \whereas in 4 articles, no changes after
the intervention were observed.””””***” The remaining
studies reported some level of success given that multi-
ple dietary outcomes were measured and success was
not necessarily observed for all the targeted outcomes.
Sex-specific intervention effects with varying levels of
success in changing dietary behaviors between boys and
girls were reported in 3 articles.””*>** Another 3 studies
observed that the success of the intervention was condi-
tioned by either the level of exposure to the intervention
components’>*® or the level of motivation of the partic-
ipants,” with greater exposure to intervention compo-
nents or participants’ motivation resulting in more
successful interventions.

Multicomponent interventions

A total of 13 studies, including 12 interventions, were
classified as multicomponent interventions because
they applied a combination of strategies to change die-
tary behavior among disadvantaged adolescents. Five
were randomized controlled trials,*>***>%°7! 2 were
controlled trials in which no randomization was carried
out,’>' 3 followed a pretest-posttest study de-
sign,”>***® and 1 study only included a posttest evalua-
tion.”® One article did not provide any information on
the study design.”” All but 2 studies®*”” included a con-
trol group. Nine intervention studies were carried out
in schools and 1 included both schools and professional
football (called soccer in the United States) clubs.’* Two
intervention studies®°' targeted recreation centers,
corner stores, and carryout restaurants, and 1 interven-
tion was implemented through a voluntary, multicul-
tural gardening enterprise.’® Nine intervention studies
were conducted in the United States,**~>">>>%>7:39-61
in Belgium,”>*** and 1 in Australia.”® Sample sizes
ranged between 30°” and 3908 participants.® Five inter-
vention studies included >1000 partici-
pants.*>?%%39860 The sample sizes of another 5
interventions ranged between 100 and 1000 partici-
pan‘cs,51’53’59’61 and 2 intervention studies included
<100 participants.”®>’

The SCT was the theoretical framework most used:
5 intervention  studies  applied it either
alone®>*¥4%333%61 o1 in combination with the socio-
ecological model and the diffusion of innovation the-
ory.”® One intervention study applied the theory of
planned behavior,”® and another combined that theo-
retical framework with the transtheoretical model.>**
The elaboration likelihood model,>* the Analysis Grid

1551



for Elements Linked to Obesity framework,’® and the
community-based participatory research model®” were
used in 1 intervention study each. One study did not
provide information on the use of a theoretical frame-
work,”" and another study only mentioned the socio-
ecological model in the discussion section; however, it
was not clear if the authors applied the framework in
any of the aspects of the intervention study.®

Most of the intervention studies combined an edu-
cational component with changes in the school or the
community food environment, gardening programs,
tasting sessions, and/or cooking demonstrations. Two
studies included the role of the peer leader, involving
college students in 1 of the studies®' and adolescents in
the other,” in delivering the intervention components
to their peers. As a result, peer leaders significantly in-
creased their fruit and vegetable intakes at follow-up.*’
Three studies®”>® were not successful in changing the
dietary components evaluated. The remaining interven-
tion studies only reported relative effectiveness, because
they were effective for changing a few dietary compo-
nents but not for all those initially targeted. Three stud-
ies reported sex-specific differences in the effectiveness
of the intervention; that is, they observed changes in
some dietary behaviors in 1 sex, but not in the other.”*
* Three intervention studies reported better outcomes
when participants were exposed to several intervention
components as opposed to those adolescents only ex-
posed to 1 single component””>* or to <2 intervention
c:omponents.53

Study quality assessment

The results of the evaluation of the studies’ methodolog-
ical quality are shown in Table S1 in the Supporting
Information online. Among the 46 articles included in
the present review, 10 were classified as

24,27,29,38,44,49,53-55,60

strong, 18 as moder-
17,19,20,22,25,28,31-33,43,45,46,48,5052,59,61

ate, and 18 as
16,18,21,23,25,26,30,34-36,39-42,47,56-58 :

weak. The low-quality

rating of the studies was mainly due to nonrepresenta-
tiveness of their samples; to a lesser extent, a low-quality
rating was due to no control of confounders or to lack
of information about confounding factors, and lack of
information regarding the methodology, such as evi-
dence of use of validated questionnaires and degrees of
blinding.

DISCUSSION
To our knowledge, this is the first review to explore
which strategies and theoretical frameworks are com-

monly used to change eating behaviors of socioeconom-
ically disadvantaged adolescents and to examine if these

1552

approaches had an impact on eating behavior. Four
main intervention types were identified. Interventions
based on changing or using cognitive factors were used
most commonly, followed by interventions applying
multicomponent strategies. A wide range of theoretical
frameworks was applied, but the SCT was commonly
applied either alone or in combination with other
frameworks. Although a few intervention studies were
successful in changing adolescents’ eating behaviors, the
majority of the studies only reported changes in some
behaviors but not for all those targeted as part of the
intervention.

Individuals have a genetic predisposition to like
sweet and salty foods, whereas bitter or sour foods tend
to be rejected.®® This is 1 explanation for why humans
prefer some foods over others. For that reason, some in-
tervention studies aiming to increase the intake of cer-
tain foods, such as vegetables, modify the foods’ taste or
flavor by adding other ingredients to make them more
appealing to young people. The main determinant for
liking vegetables among pre-adolescent children aged
10-12 years is taste,>** and it is likely that disliking the
taste of vegetables continues during adolescence.
Likewise, Appleton et al®® showed how the addition of
salt, condiments, or flavored dips were useful to in-
crease the intake of certain vegetables in young chil-
dren. Although changing vegetable taste slightly seems
to represent a promising avenue to promote vegetable
intake in youths, it cannot be assumed that this strategy
would also work among disadvantaged teenagers, be-
cause only 1 study intervened on taste.'® The authors
used a relatively large sample size, but the measurement
period was limited to 2 weeks and there was no follow-
up on how this approach could have influenced the
overall intake of vegetables in this population group.

In 2 intervention studies,'”'® researchers aimed to
modify the environment to change dietary behavior
among disadvantaged adolescents. These interventions,
which are generally known as choice architecture inter-
ventions, are based on making subtle alterations in the
food-choice environment to modify eating behavior
and food choices in the desired direction.®® More spe-
cifically, choice architectural nudge interventions aim
to encourage the individuals to make healthier food
choices without restricting or eliminating choices of
less-healthy options.”” Although these interventions
constitute a promising approach to achieve dietary be-
havioral change in the short term, their long-term
effects can still be questioned, particularly for some
foods such as vegetables. Another aspect to consider is
that the provision of fruits and vegetables tends to be
limited in time. Longer exposure to the program may
be needed to allow adolescents to adopt this new dietary
behavior and translate it into a habit. Furthermore,

Nutrition Reviews® Vol. 80(6):1531-1557
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choice architectural nudge interventions may need to
be accompanied by other measures to promote sus-
tained dietary behavior change in disadvantaged adoles-
cents. Nornberg et al®® did not report conclusive results
in their review on the effects of nudge interventions on
adolescents’ vegetable intake. They concluded that dis-
tributing free vegetables did not significantly affect veg-
etable intake. Only those interventions that increased
the variety of vegetables were effective in increasing in-
take levels in adolescents.”® Overall, the success of
choice architectural nudge interventions alone in pro-
moting eating behavior, albeit promising, is still limited
and needs more research.

The majority of the intervention studies included
in this review applied 1 or several cognitive factors to
change eating behavior of disadvantaged adolescents.
Although most of the studies combined >2 of these
techniques, no pattern between the approaches applied
and the effectiveness of the interventions was identified.
Both successful and unsuccessful interventions included
a nutrition education component either alone or com-
bined with other components. Appleton et al®® sug-
gested that intervention studies that include an
education component may be beneficial among adoles-
cents because, unlike younger children, their cognitive
functions, such as attention, memory, and reasoning,
are increased. On the other hand, because knowledge
accumulates over time and experience, it may be diffi-
cult to deduce which education sources were responsi-
ble for dietary behavior change.®

Teaching nutrition-related skills (eg, how to cook)
may have some potential in changing intake and prefer-
ence for certain foods as it provides an opportunity to
taste new fruits and vegetables.”’” This approach also
teaches life skills, such as food preparation skills and
self-efficacy.”” Nevertheless, the long-term effect of
cooking programs on changing children’s eating behav-
ior has not been evaluated.”’

The use of goal setting to change behavior in the
field of nutrition is relatively recent, compared with
other strategies.’® Although goal setting is more effec-
tive to promote dietary behavior change among people
with health conditions,” it could also be a useful strat-
egy for adolescents, because it enhances self-efficacy
and self-monitoring.”

Another common strategy was the use of role model-
ing, mainly by involving adolescents’ peers. It is known
that people around adolescents, including parents, teach-
ers, peers, and social media influencers, have an influence
on what adolescents eat. During adolescence, attachments
increasingly shift from parents toward peers. For that rea-
son, parents’ influence at this stage decreases and peers’
influence increases.”’ In this regard, DeCosta et al*’ con-
cluded in their review that role modeling influenced
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adolescents’ food preferences, intake matching, and
amount of consumed foods, and that role modeling was
likely to increase adolescents’ intake of those foods that
are accepted by the group. Nevertheless, the main issue
with role modeling is that it can have an effect in both
directions—that is, promoting intake of healthy foods but
also of unhealthy foods. As highlighted in previous
reviews,”’ the effect of role modeling depends on whether
the modeled food is considered healthy, and on whether
the target food is modeled as positive or negative. In addi-
tion, not only the peers’ but also the parental influence on
food intake depends more on their own behavior than on
their message about the target food.

Effective interventions using cognitive factors
tended to have shorter follow-up periods (ie, 2-
12 weeks) than unsuccessful ones (6-24 months). This
suggests that targeting specific cognitive factors to pro-
mote changes in eating behaviors could be effective in
the short term, but that these changes may not be sus-
tained in the medium and long terms. Similarly, do
Amaral e Melo et al”® noted that for 3 of the 4 studies
included in their review, the significant findings initially
observed postintervention disappeared at 6-months’ fol-
low-up. On the other hand, intervention studies tended
to use multiple outcome measures and they did not re-
port success for all the measures evaluated. This phe-
nomenon could not only be explained by the length of
follow-up and the type of strategy implemented but by
other factors, such as the number of outcome measures
targeted or the intervention dose adolescents were ex-
posed to. However, studies rarely provided information
on adolescents’ adherence with the intervention and on
the number of intervention components they were truly
exposed to. On the other hand, it is important to note
that only 5 studies in this group were rated as strong in
terms of quality, as opposed to 16 studies that were
rated as weak. This emphasizes the need for more high-
quality studies to draw more reliable conclusions.

Opverall, all the intervention studies combining sev-
eral strategies to change dietary behavior applied a nu-
trition education component. Although educating study
participants about nutrition seems to be a crucial aspect
of eating-behavior change interventions, it should be
accompanied by other strategies to achieve long-term
dietary behavior changes. Results from a meta-analysis
on the effect of nutrition education programs and gar-
den programs in school-aged children showed that nu-
trition education programs alone had marginal or
nonsignificant effect on vegetable intake, or even
resulted in marginally decreased fruit intake.”” DeCosta
et al®” concluded in their review that including hands-
on approaches such as gardening and cooking programs
could encourage greater and more sustainable dietary
behavior changes compared with nutrition education
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only. Although most of the multicomponent interven-
tions included in this review combined nutrition educa-
tion with changes in the environment, other approaches
such as cooking sessions, tasting sessions, and farms vis-
its were also applied. However, given that different
combinations of approaches were used among studies
and the varying degrees of success reported by the stud-
ies, it is difficult to determine what combination
worked best or which component was most successful
among disadvantaged adolescents. In addition, that sig-
nificant results were not observed in most studies for all
the targeted dietary outcomes or for all groups (eg, boys
vs girls) could also be a consequence of other practical
aspects, such as length of follow-up or the exposure to
the intervention, rather than the specific strategies ap-
plied as part of the intervention.

As already observed among those intervention
studies focusing on cognitive factors, follow-up periods
were relatively short for the successful interventions (ie,
9-10 months), as opposed to 1-3 years in 2 of the 3
nonsuccessful interventions. It is reasonable to think
that long follow-up periods could dilute the interven-
tion effects to some extent and could explain why some
interventions were more successful than others.
Likewise, Appleton et al®® concluded that, overall, stud-
ies reported reductions in effect size because follow-up
periods were extended. Other factors, such as exposure
to the intervention, may have also played a role in the
effectiveness of the interventions. Unfortunately, expo-
sure to intervention components, when reported, was
reported very differently among studies, which made it
impossible to make comparisons of exposure across
studies. Overall, as noted, studies did not provide infor-
mation on the participants’ exposure to the interven-
tion. Measuring the level of exposure to the
intervention components is crucial to determine the
intervention’s effectiveness. Nevertheless, that some
interventions were successful for some dietary aspects
gives some promising ideas of the sort of activities that
could work for disadvantaged adolescents. However,
the interventions may still need to be redesigned to al-
low for more sustained behavior changes. Another as-
pect to consider when implementing multicomponent
interventions is their cost-effectiveness, because they
can be time consuming and costly.®

In general, most of the intervention studies col-
lected multiple measures, because intervention out-
comes and success were not observed for all the
measures. Likewise, Appleton et al®® also noted in their
review that studies reported varying degrees of benefit
when multiple measures were collected in the studies.
Dietary behavior change is a complex process deter-
mined by social, emotional, and cognitive factors.”?
Therefore, targeting several behaviors simultaneously
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may be too challenging and burdensome for individu-
als. In this regard, do Amaral e Melo et al’* concluded
in their review that targeting a single behavior resulted
in better intervention outcomes. However, it should be
considered that socioeconomically disadvantaged ado-
lescents were targeted in only 1 of the 11 studies include
in the do Amaral e Melo et al’” review. Behavior change
may be even more difficult among disadvantaged
youths because this group may often lack a supportive
environment to accomplish these changes. Therefore, in
this population group, targeting single dietary behaviors
could be a more effective approach to promote behav-
ioral changes. In addition, given the complexity inher-
ent to changing behavior, achievements may need to be
deemed on an individual basis, and even small achieve-
ments should be considered important, because they
can be meaningful for the individual and can encourage
additional changes. Small but sustainable behavior
changes look more promising than greater short-term
changes, which may be difficult to maintain over time.
On the other hand, the measurement tools applied to
measure the intervention outcomes could be somewhat
responsible for the varying degrees of success observed
in the interventions. A wide range of questionnaires
was used in the studies in this review, including but not
limited to food frequency questionnaires and 24-hour
dietary recalls, to collect dietary data. These methods
are subject to socially desirable answers and to measure-
ment error. Providing data on the accuracy and reliabil-
ity of the questionnaire is needed. There was a lack of
information on the validity and reproducibility of the
tools applied to measure dietary intervention outcomes
in the studies included in this review. Less than half of
the studies used tools that had previously been tested
for validity and reliability. It should be noted that a tool
that was valid and reliable in a specific population may
not be equally valid and reliable in another, different
population.

In only a few studies did authors not apply a theo-
retical framework as part of the intervention study.
Nutrition education interventions that follow an exist-
ing theory and are behaviorally focused are more effec-
tive in achieving behavior change.”* The SCT was the
most predominant theoretical framework applied in the
intervention studies included in this review, followed by
the theory of planned behavior and the transtheoretical
model. Similarly, the SCT was the theoretical basis most
commonly followed by the studies included in the re-
view by do Amaral e Melo et al.”> Intervention studies
often use theories in combination, because they con-
sider different constructs; therefore, different determi-
nants of health behaviors can be targeted.”> Using a
specific theoretical framework or a combination of the-
ories did not seem to determine the success of the
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interventions included in this review. However, for
most of the studies, when and how the constructs of the
theoretical frameworks were applied to the intervention
were unclear. As observed by Thomson and Ravia,” the
majority of the studies only described the theoretical ba-
sis very briefly, and only a few provided a detailed expla-
nation of how the constructs were applied; of rationale,
activities, and materials development; and of delivery
approaches and/or measurements. This lack of informa-
tion hinders our ability to evaluate how the use of a par-
ticular theory or combination of theories was more
effective than another. However, as already noted by
Hamel and Robbins,”® other factors beyond the theoret-
ical framework applied, such as the targeted behaviors,
intervention content, mode of delivery, intervention
dose and intensity, or the setting, may be equally or
more important for achieving the expected outcome.
Existing evidence shows that the impact of behavior
change interventions depends on sex, age, ethnicity,
and other population-specific factors, including socio-
economic level.”””® In fact, previous literature suggests
that socioeconomically advantaged children and adoles-
cents tend to profit more from health-related interven-
tions than those belonging to more disadvantaged
backgrounds. In particular, healthy eating interventions
not targeting low-income adult participants tend to re-
sult in larger effects than those targeting low-income
populations, suggesting that they are less effective in
these populations.”” Differences in the effectiveness of
interventions between socioeconomically favored and
socioeconomically disadvantaged populations can be
due to several factors. Among these, people from socio-
economically disadvantaged backgrounds may have
worse or less-healthy starting levels of behavior coupled
with a lack of behavior change support within their
physical and social environments. * In addition, the
difficulties in recruiting participants to and the higher
attrition rates frequently observed in community-based
programs promoting healthy eating in socioeconomi-
cally disadvantaged groups® can further explain these
differences. Likewise, low retention and attendance
rates also seem to be related to the lack of beneficial
effects of intervention programs aiming to reduce
weight among socioeconomically disadvantaged adoles-
cents.”® For that reason, dietary behavior change inter-
ventions need to be tailored to the targeted population
group to increase their effectiveness. In their review of
strategies of obesity prevention and treatment programs
among adolescents from disadvantaged backgrounds,
Kornet-van der Aa et al’”® recommended the use of ex-
periential activities as opposed to didactic lessons, deliv-
ery of no- or low-cost interventions to schools and
students, involvement of adolescents in the develop-
ment and delivery of the interventions, and
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involvement of parents in the intervention as promising
strategies to achieve successful behavior change in this
population group.

Studies’ comparability and data synthesis were hin-
dered by the highly heterogeneous nature of the studies
included in this review. For that reason, findings were
only summarized narratively. Combining studies’ die-
tary outcomes into existing dietary scores (eg, Healthy
Eating Index) or data-driven dietary patterns was a po-
tential way to consider dietary intake patterns rather
than individual foods, because varying the intake of cer-
tain foods unavoidably affects the whole diet of the indi-
viduals beyond those food items initially targeted by the
intervention program. However, neither of these
approaches was considered in this review, which can be
seen as a study limitation. It should also be acknowl-
edged that most of the studies were conducted in the
United States and included adolescents from different
ethnic backgrounds. This may limit the relevance and
applicability of the findings to other countries and eth-
nic groups with different sociocultural values and socio-
economic circumstances. This issue was mitigated by
limiting the search to studies carried out in high-
income countries only. However, even among high-
income countries, each country has particular cultural
and contextual scenarios.

Finally, an effort was made to include all the litera-
ture relevant to the research question, but other qualify-
ing studies may have been involuntarily omitted from
the review. Because the search strategy only included
published articles, studies that are part of the grey litera-
ture, such as conference proceedings, were not consid-
ered in this review. Another limitation of the present
review is that only 10% of the titles, abstracts and full
texts were independently screened by 2 reviewers.
However, 2 reviewers independently assessed the qual-
ity and extracted data for all the studies.

Strengths of the current review include the focus on
a vulnerable population group (ie, socioeconomically
disadvantaged adolescents), which has not been the fo-
cus of other reviews. That a systematic approach was ap-
plied can also be seen as a strength. The strategy was not
limited to only studies that were published in English;
studies published in 5 languages were considered.

CONCLUSION

In this review, we summarized data from 46 studies (n
= 38 intervention studies) focusing on dietary behavior
change interventions targeting socioeconomically dis-
advantaged adolescents. Overall, cognitive factors were
those most targeted and SCT was the theory most fre-
quently applied by the studies to achieve behavior
change in this population group. A variety of successful
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intervention strategies were identified to achieve posi-
tive dietary behavior changes; however, follow-up peri-
ods tended to be short and those interventions with
longer follow-up did not always observe sustained bene-
fits. In addition, multiple dietary outcomes were often
targeted, and interventions did not have a significant
impact on all of them. The heterogeneity of the studies,
together with the fact that dietary outcomes from the
interventions were not combined into dietary scores or
patterns to evaluate the overall effect of the intervention
program on the participants’ diets, hindered the ability
to determine which intervention type could be more ef-
fective. However, long-term, theory-driven interven-
tions that target behavior change of a single dietary
factor could potentially be more successful in obtaining
long-term benefits. Researchers conducting interven-
tion studies may also need to consider how habits are
formed and/or how behavioral norm changes occur to
achieve more sustained dietary behavior changes.
Therefore, there is a need for intervention studies ex-
amining the long-term benefits and sustainability of nu-
trition programs to reliably inform policies tailored to
disadvantaged adolescents.
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