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ABSTRACT

Free sugars intake plays a major role in dental caries formation and other general
health issues such as obesity. Therefore, interventions, which assist individuals or
populations in the control of their free sugars intake, are of central importance in caries
prevention strategies. There is good evidence that behavioral interventions benefit
from a foundation in conceptual theories of behavior change founded on empirical
data. In this review, we discuss the future application of seven theories, including
six common psychological theories in predicting and developing interventions to
reduce free sugars intake related to dental caries among adults. For each model, we
summarize its key features and the data derived from its application in general and
oral health settings and make recommendations for future research. We searched
Medline, PsycINFO, Global Health, PubMed, and Embase databases to identify
items dealing with dental caries, adults, sugars intake, and six psychological theories.
These included the Transtheoretical Model of Change, Theory of Planned Behavior,
Social Cognitive Theory, Information-Motivation-Behavioral Skills model, PRIME
Theory, and Behavior Change Wheel theories. We searched literature published in
the last 10 years, and priority was given to systematic reviews and randomized control
trials. Although there is extensive literature on the application of the six psychological
theories, there is a gap in knowledge about their effectiveness in reducing free sugars
intake related to dental caries among adults. There is a need for better-designed trials
of interventions based on the clear operationalization of psychological constructs to
reduce sugars intake among the adult population.

ental caries is a prevalent disease,

which is mainly associated with

consuming foods containing high

levels of free sugars. Caries affect the
majority of the adult population around the world."
For instance, in the US, 92% of adults have had tooth
decay,’ indicating a need to develop interventions
that can help to reduce the prevalence of dental
caries among the adult population. Approaches to
the prevention of caries include the application of
appropriate plaque control methods and reducing
the overall intake and frequency of eating free
sugars.*> Evidence shows that control of free sugars
intake contributes to a reduction in the prevalence
of dental caries."**¢"!! The relative importance of

free sugars intake frequency versus the total amount
of sugary food eaten is debatable. Some suggest that
the overall intake of sugary food plays a major role
in caries progression,*® whereas others emphasize
frequency rather than total intake.*'> The Scientific
Advisory Committee on Nutrition (SACN) in
the UK concluded from a systematic literature
review that there are limited studies that assess the
frequency of free sugars intake and the relationship
between frequency of free sugars intake and dental
caries, and as a result were unable to determine
the relationship between the two variables.” In
addition, the committee found moderate evidence
in the relationship between overall free sugars
intake and dental caries. Therefore, they made a
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strong recommendation to reduce the total intake
of free sugars. This recommendation will reduce not
only dental caries but also other systemic diseases
as a common risk factor.! Based on the results of
the SACN review,?? this literature review focuses
on tackling total free sugars intake rather than the
frequency of intake.

The reduction of free sugars intake requires
behavior change by individuals.” Theories of
behavior change are essential in the design of effective
behavior change strategies.'®"” Interventions based
on such models are better at predicting behavior
change than non-theory-based interventions.?* Of
these, four appear to be the most commonly used
by the literature: Transtheoretical Model of change
(TTM), Theory of Planned Behavior (TPB), Social
Cognitive Theory (SCT), and the Information-
Motivation-Behavioral Skills (IMB) model. In
addition, a recent discussion of the weaknesses of
the existing literature*' argued that the two models
that most comprehensively capture the full range of
factors that might influence behavior are PRIME
Theory and The Behavior Change Wheel (BCW).
This literature review discusses the application of
each of the six common behavior change theories in
predicting behaviors and developing interventions
related to general and oral health and hypothesized
their use in reducing free sugar intake related to
dental caries among adults.

To achieve this, we have outlined the key features
of each of the six behavior change theories and
reviewed their usefulness in general and oral health-
related behavior and possible future application
in reducing sugars intake. Generally, the use of
psychological models, including social cognition
models, in behavior change interventions to reduce
free sugars intake related to dental caries among
adults is still under-research.?? Our review assists
in identifying gaps in the literature providing a
narrative review of the literature related to dental
and general health. Overall, this literature review
highlights whether behavior change models can be
applied as predictors or behavior change agents to
reduce free sugar intake among adults and if they
can be used as theories to guide the development
of interventions to reduce the intake of free sugar.

A wide range of methods have been used to
change behavior, including oral health education,
psychological models or theories, and behavior
change frameworks.

Oral bealth education

Oral health education is an educational activity that
aims to achieve oral health-related goals through
increasing knowledge, which leads to change in
attitude and ultimately changes the behavior.” It is
based on the three domains of learning: cognitive,
affective, and behavioral.?® Oral health education
has been a crucial and integral element of dental
services for a century at different community levels.”
There are various means of applying oral health
education, including mass media campaigns and
school-based health education. Many studies have
assessed the effectiveness of oral health education in
improving behavior related to dental caries including
four systematic reviews, which all demonstrate
similar findings concerning the effectiveness of the
traditional oral health education approach.** In
one systematic review, oral health education had
no evidence in reducing dental caries incidence
and ambiguous evidence of oral health education
to improve diet control** Another review reported
limited evidence to support oral health education
reduces the incidence of dental caries.”

There is strong evidence to suggest that
interventions based on behavior change models (such
as motivational interviewing) help in improving
gingival conditions and oral hygiene.”® In addition,
there is strong evidence that educational written
materials (e.g., leaflets) help improve patients’
knowledge, but no evidence of their influence on
behavior. Finally, there is weak evidence to support
the theory that improving knowledge leads to
improved behaviors, and if there was any change in
behaviors, it would be short term.>*2%*” A systematic
review assessing the effectiveness of psychological
intervention on improving oral hygiene compared
with traditional oral health education among
adults and adolescents reported a small statistically
significant difference for interventions based on
psychological models to decease plaque index
compared with the traditional method.”® Also, they
found interventions based on psychological models
had a better outcome result in relation to oral health
behavior and toothbrushing when compared with
oral health education.”® The findings confirm that
providing education or information about caries or
diet alone is not sufficient to change behavior. This
is because traditional oral health education programs
do not consider other factors, which influence the
behavior of individual, including environmental
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Figure 1: The five stages of the Transtheoretical
Model ¥

and social factors.”® For free sugars intake, oral
health education alone is not sufficient to create
a sustainable decrease in free sugar intake among
adults. It can be used with other behavior change
models such as the BCW, which is discussed below.

Transtheoretical Model (TTM)

The TTM, also known as the stages of change model,
is a stage-based model that assumes that behavioral
change needs to progress sequentially.”*° Figure 1
presents the five stages of the TTM.

TTM has been applied to changing several
health-related behaviors, including eating-related
behaviors and smoking cessation. A number of
studies assessed the effectiveness of TTM in
improving health-related behaviors. A systematic
review of 27 studies concluded that TTM was
useful for understanding the decision-making
processes regarding change for eating-related
behaviors.?! Similarly, a systematic review of 15
studies found that TTM is useful in assessing
motivation to change for individuals with
eating disorders.’> Also, in favor of the model, a
systematic review of 87 studies suggested that the
TTM has been repeatedly validated and provides
useful strategies for dietary behavior change and
meaningful outcome measures.” There is also
evidence to support the use of TTM for smoking
cessation. A systematic review of 41 randomized
controlled trials (RCTs) found supporting evidence
for the use of TTM for smoking cessation,* and a
further systematic review of 28 studies found that
there was moderate evidence to support the use

of TTM for smoking cessation in young people.”
There is strong evidence that the TTM improves
smoking cessation in the long term.*

While there is ample support for TTM for eating-
related behavior change and smoking cessation, there
is little or no evidence that it is effective for other
health-related behaviors such as physical activity.
A review of three RCTs found no support for the
efficacy to produce sustainable changes in weight
loss.”” It appears that TTM may be effective only
for certain health-related behavior changes, such as
cating-related behaviors and smoking cessation, but
ineffective for others, such as changes in physical
activity. This may indicate that the TTM is applicable
to certain health-related behaviors.

The TTM has been applied and assessed for a
number of oral health behaviors (e.g., toothbrushing
and flossing) and oral hygiene adherence. A
systematic review of the effectiveness of interventions
based on behavior models for promoting individuals’
oral health reported that the TTM is effective in
changingbehavior when combined with motivational
interviewing.** However, the authors drew this
conclusion on the basis of one observational study,
which provided little information on the nature of
the intervention. Furthermore, the separate effects of
the TTM and motivational interviewing could not
be separated in this study.

Two systematic reviews of psychology-based
interventions for increasing adherence to oral
hygiene instructions in adults with periodontal

340 revealed that TTM studies were

diseases
generally of low quality, so no firm conclusions
could be made about the effectiveness of TTM in
improving periodontal adult patient adherence to
oral hygiene instructions.”” However, some support
was found for self-efficacy alone in predicting oral
health behaviors.?” In addition, the processes posited
by the model, which has shown to be effective in
promoting change, independent of the stages in
the model.*!

There is one RCT pilot study that assessed the
usefulness of educational intervention based on
TTM concerned toothbrushing.*> Based on self-
report, 25.4% of participants reported improvements
in their oral hygiene behaviors, including
toothbrushing. While this shows some promise, it
also means that the intervention did not influence
three-quarters of the participants. The study had

limitations, including the use of convenience
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sampling.”? Further, the number of participants in
the follow-up sessions was low, indicating high rates
of attrition.

For interdental cleaning, there is some research
to support the use of TTM. A clinical trial that was
conducted to identify the impact of an education
program based on TTM and the use of interdental
cleaning among senior schoolchildren concluded
that the findings demonstrated that the model
had a significant positive impact on improving the
outcome of the educational program and increased
the number of students at the maintenance stage
compared with the control group.” The authors
also claimed that it decreased the perceived barriers
and increased perceived benefits due to an increase
in self-efficacy.”> However, the intervention was
not based on any of the components of the TTM.
The authors only measured two outcome measures
based on elements of the model; thus, it may be that
the intervention led to change in stage rather than
the TTM effecting change. The intervention based
on the model had a positive impact on improving
understanding of interdental cleaning behavior.*
However, both studies had methodological
weaknesses, including a lack of clear methods of
randomization, which increases the chances of
allocation bias.

For periodontal diseases, two systematic reviews
were conducted to find out the effectiveness of
interventions based on psychological models,
including TTM, to improve the periodontal
condition.’”* There was no strong evidence
reported in the reviews to support the effectiveness
of interventions based on TTM to improve
periodontal diseases.?>*

For free sugars intake, a recent systematic review
of psychology-based interventions found no studies
assessed the application of TTM at reducing free
sugars intake related to dental caries among adults.”
There is a need for more clinical trials to examine
the effectiveness of interventions based on TTM in
reducing dietary free sugars intake among adults.””

In summary, while there is some evidence that
TTM can be effectively applied to changing eating-
related health behaviors and smoking cessation,
its application to other health-related behaviors is
limited. Notwithstanding the findings above, the
TTM has been criticized extensively. For example, it
has been postulated that the notion that individuals
must progress through stages is unwarranted, as it

-

Figure 2: Triadic reciprocity of Social Cognitive
Theory.*

is possible for individuals to progress immediately
from wanting to change (stage 2: contemplation)
to never engaging in the behavior again (stage 5:
maintenance), without passing through intermediate
stages.” Secondly, the model has been critiqued
for non-specificity; there is currently no evidence
to assure researchers that the positive effects
observed in some TTM studies are simply because
an intervention is being given, rather than being
specifically due to TTM-based interventions.
Thirdly, most studies of the TTM are cross-sectional,
demonstrating a relationship between behavior and
stage, rather than the impact of an intervention.®
Fourthly, there are no systematic rules in TTM to
assign individuals to stages.* Finally, a compelling
argument has been made as to why TTM should be
‘put to rest, detailing a catalog of problems with its
theoretical basis, implementation, outcomes, and
philosophy, all of which are points within which
the results of this review should be interpreted.”*
Further clinical trials are needed to assess the effect
of TTM-based interventions on reducing free sugars
intake. Variables such as self-efficacy from the TTM

could be useful targets for reducing free sugars intake.

Social Cognitive Theory (SCT)
SCT considers behavior to be the result of social
influence and human cognitive processes.”” SCT
is based on the principle of ‘triadic reciprocity,
which is illustrated in Figure 2. Triadic reciprocity
suggests that three factors influence each other;
behaviors, environments, and person. However, the
contribution of the three dimensions to behavior
change is not equal.

SCT has been applied widely in the context of
general health behaviors, including medication
adherence, sexual behavior, physical activities, weight

49,51

loss, and drug abuse behaviors.**! In a systematic

review with meta-analysis, SCT was able to predict

31% of the variance in physical activity behaviors.>
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The study also revealed that the ‘goals’” and ‘self-
efficacy’ constructs were positively associated with
physical activity, unlike other constructs, such as
socio-structural factors and outcome expectations,
which were negatively related.> However, many of
the included studies were cross-sectional and were
unable to determine causal relationships that are
important to assess the intervention based on the
theory or their constructs.>

A further systematic review and meta-analysis was
conducted to determine the effectiveness of physical
activity and diet behavior change interventions based
on the SCT among cancer survivors.® The study
identified that most of the included interventions
were effective for enhancing diet behavior and
physical activities, but this effectiveness was not
related to specific SCT constructs. However, when
taken in isolation, self-efficacy was shown to be
positively associated with behavior change for diet
and physical activities.>®

In the last 10 years, only two RCTs have been
conducted to examine the potential effectiveness of
SCT for smoking cessation. The pooled results of
these two RCTs support the use of SCT.>* However,
both were conducted with college students, making
the generalizability of these studies problematic, and
one of the studies used a combined model of SCT
and problem-behavior theory.

SCT has been applied in oral health-related
behaviors, including adherence and oral hygiene
practice. For tooth brushing, two simultaneous
RCTs were conducted to test the effectiveness of
oral health intervention based on two constructs;
self-efficacy and action planning.>® Patients in the
intervention group developed better skills, timing,
and duration of toothbrushing, and decreased
plaque formation and gingival bleeding compared
with patients who received routine care.>® The study
also revealed that outcome expectations were related
to high self-efficacy and planning among patients.”
This focus on the individual constructs rather than
the whole theory means that the full SCT is not
assessed, leaving the role of SCT for toothbrushing
mostly unexplored.

A trial of an education-based intervention
found a positive relationship between dental
flossing, self-efficacy, and motivation.”® However,
several limitations make these findings less reliable,
including having a problematic outcome measure
(residual floss), poor generalizability (only university

students), and a very short-term follow-up of one
week. There was also no control group. Importantly,
the intervention did not target constructs within the
SCT, and another theory was used along with SCT.

Two systematic reviews have included evaluations
of SCT for increasing adherence towards oral hygiene
instructions in adults with periodontal diseases. Both
reviews identified that self-efficacy, goal setting, and
planning were effective interventions for improving
oral health behavior in periodontal patients.
However, the evidence was derived from a small
number of low-quality trials.>* This suggests that
at least some components of SCT may be effective
for predicting oral health adherence.

No studies were found that assessed the
effectiveness of applying the SCT to reducing free
sugars intake related to dental caries among adults.**

In summary, most systematic reviews identified
that the constructs self-eflicacy, goal setting, and
outcome expectations are promising for promoting
individual health behaviors. Self-efficacy was the
most often applied in the literature and consistently
found positive results. Other constructs remain
largely unsupported. This means that SCT may
not be the most effective theory for predicting or
changing health-related behaviors. However, it is
also possible that this finding could be due to many
interventions only applying a minimum number of
constructs or used in isolation, rather than applying
SCT as a whole.’” Further research is needed to
address this gap in the literature and to examine
the appropriateness of SCT for health-related
behavior change.

Similarly, for free sugars intake, there is a need for
more clinical trials to assess the effect of SCT-based
interventions on free sugars intake, particularly since
self-efficacy, goal setting, and outcome expectations
constructs appear to be strongly related to free sugars
intake among adults.

Theory of Planned Bebavior (TPB)

The TPB suggests that behaviors are the result of
an evaluation of the positives and negatives of any
given action.”

The theory combines constructs to predict
behaviors or intentions of individuals,”® including
attitudes towards behaviors, subjective norms,
and perceived behavioral control. Together,
these contribute to the formation of behavioral
intentions.” According to TPB, these intentions are
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- Beliefs about outcomes
- Evaluations of these outcomes

- Beliefs about important others’
attitude to behavior
- Motivation to comply with others

- Internal control factors

Subjective norm

Attitude towards the
behavior

Behavioral intention mses  Behavior

Behavioral control

- External control factors

Figure 3: The Theory of Planned Behavior.®

crucial for causing the behavior. The only way these
can be bypassed is through perceived behavioral
control, which can lead to a behavior without
intention.*® Figure 3 illustrates this relationship.

The TPB has been applied to many aspects of
general health, and many recent systematic reviews
have been conducted to assess the efficiency of
the theory in predicting or changing behaviors. A
systematic review to evaluate the effectiveness of
TPB for predicting shared decision-making (SDM)
behaviors of different health care professionals found
that subjective norms were the most predictive
variable of SDM behaviors followed by perceived
behavioral control and attitude.’” Also, they found
that intention was the most predictive construct
of health professional’s performance towards SDM
actions. Similar findings were reported in another
systematic that concluded that subjective norms,
attitude, and self-efficacy predicted the intentions of
alcohol consumption.®

There is strong evidence to support the use
of TPB for smoking cessation programs; a meta-
analysis study of 35 data sets from primary studies,
and found that the construct ‘perceived behavior
control’ is the most predictive of smoking cessation
because it influences both intentions and behavior.®!
The authors suggest that the culture of the country
is also important as a mediating factor, with some
cultures enhancing the effects of smoking cessation
programs, mirroring findings from a separate study.®*
This suggests that particularly ‘perceived behavior
control’ may be relevant for understanding the
effects of TPB for smoking cessation programs, and
perhaps culture should be considered as an additional
important factor.

In contrast, another systematic review found
no strong evidence to support the effectiveness of
interventions based on TPB for dietary behavior

change in adolescents and young adults; this means
that TPB might not be effective in bringing the
desired change.®® A systematic review assessing
the efficiency of questionnaires based on TPB for
behavioral change found that there were errors in
the estimation of sample size, namely, demographic
data, measures, and the process of development of
the questionnaires.®* This means that there were
methodological issues in the evaluation of many
TPB interventions.

For oral health, TPB has been widely applied
to predict behavior related to oral health including
toothbrushing, dental flossing, and dental
attendance.®7° When broadly used, the theory
could successfully predict a significant portion of
the variance in oral health-related behaviors.5”¢%7
For example, one study found that they could
successfully predict 57% of the variation in oral
hygiene habits and 66% of the variance in dental
attendance.”” Another study provided more
cautious support of TPB, suggesting that cultural
differences may exist regarding the most appropriate
application of the theory.®” The authors conducted
a study to identify predictors of oral hygiene and
found that in the Caribbean, the best predictors
were attitude and social norms, while in Nepal,
perceived behavioral control and expected social
outcomes were most predictive.” The majority of
these studies have adopted cross-sectional designs to
assess the predictive power of TPB variables on oral
health-related behaviors.”° These studies support
the ability of TPB variables to predict intentions and
behavior of oral health, saying that these studies do
not assess the effectiveness of an intervention based
on TPB in changing behavior.

Only one RCT had incorporated TPB constructs
in intervention to improve the periodontal condition
of adults.* However, based on the review, the
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Behavioral skills

Behavioral change

7

Motivation

Figure 4: The Information-Motivation-Behavioral Skills Model.”

constructs were used as a basis for predicting behavior
change rather than the basis of the intervention. Their
findings supported those of a clinical RCT assessing
the effectiveness of TPB in changing behavior.”! The
authors applied a full-factorial experimental design
to determine the effects of three interventions
based on the three main TPB constructs to improve
physical activity. The choice of physical activity was
based on the strong correlation of TPB to predict the
behavior. They found that the interventions changed
the intention related to the behavior.”! However, the
interventions failed to achieve behavior change.
This study suggests that TPB has a limited influence
on behavior.

For free sugars intake, no studies were found that
assessed the effectiveness of applying the TPB to
reducing free sugars intake related to dental caries
among adults.”

There is some support for the use of TPB for
changing some health-related behaviors. But, there
is a need for more RCTs to assess the effectiveness
of interventions based on TPB that aim to improve
oral health-related behaviors.” It appears that self-
efficacy/perceived control is the most important
component of the TPB for predicting behavior.?
A major limitation of the theory is that it considers
individuals as rational decision-makers;*> however,
this is not always the case. For example, patients
with dental anxiety may not attend dental clinics
on a regular basis.”* In this case, the behavior of
not attending regularly is based on emotion (fear)
rather than rational decision-making. Finally,
the findings of this review need to be considered
against recent work in the field suggesting that TPB
is not a helpful model in the design of behavior
change interventions.”" It has been argued that the
TPB is insufficient as a tool for behavior change,
but can predict behavior only, which does not
serve the purpose of behavioral change science.”
For free sugars intake, the TPB could be useful

in predicting free sugars intake, in particular,
perceived behavior control seems likely to be a
strong predictor.

Information-Motivation-Bebavioral Skills
Model (IMB)

The IMB model suggests that individuals perform a
behavior only if they expect a net benefit from it.”
According to the model, three constructs contribute
to behavior change, which are information,
motivation, and behavioral skills. Figure 4 illustrates
the relationship between the constructs.”

The IMB model has been applied to a wide variety
of health-related behaviors. The IMB model was
initially applied to minimize HIV risk behaviors.”¢7#
For instance, interventions based on the IMB model
were used to promote women to use female condoms
during intercourse with their partners,”® and the
model has shown to be effective in reducing the HIV
risk behavior between individuals.”

Within the last five years, three studies from
different health domains have tested the effectiveness
of the IMB model for changing behavior.”-*' The
shared findings indicate that there is no strong
evidence to support or reject the effectiveness of
interventions based on the IMB model for sustaining
new short-term health behavior change. However,
their findings are further called into question after
a systematic review found that the IMB model
achieved healthy behavior change that was sustained
for 12 months.?* Because of this, it seems there is
some evidence to support the use of the model for
health-related behavior change for up to one year,
but there is a need for more high-quality studies to
assess its effectiveness beyond a one-year follow-up.

The IMB model has been applied in two studies
related to oral health; to gather information and
change the behavior of oral healthcare providers® and
to examine the practicality of oral health education.®

Despite the promising findings from the studies,*>#
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Figure 5: Five levels of subsystems of PRIME Theory of Human Motivation.®

caution should be expressed for several reasons. First,
the studies were both based on specific populations
— prenatal care providers and HIV patients — and
both were non-experimental studies, which means
there was no causal assessment of the intervention
in improving oral health behavior.”>’* Additionally,
in one study, the model constructs were not directly
assessed.® There has been no effective research on the
potential usefulness of the model for toothbrushing,
interdental cleaning, oral health adherence, and diet
control including free sugars intake related to dental
caries in adults.??

There are some promising applications of the
IMB model to changing general health behavior for
up to one year if researchers follow the three phases of
the model application when designing interventions.
Because of this, there is some possibility that this
model could also be useful for oral health-related
behavior change in the short term. However, due to
a lack of research related to oral health applications,
this application remains uncertain. Further, there
are some significant limitations to the model. First,
the model assumes that individuals are rational
decision-makers,*> but this is not always the case

as individuals can engage in actions based on
emotions.>® A criticism of the IMB model is its lack
of specificity regarding the components of the three
core constructs. Whereas other models specify the
nature of the information and motivation elements,
the IMB model is not as specific. Thus, any effects
maybe because the constructs identified in the IMB
process are similar to those in other models, which
means that the change was from the intervention
instead of the model. Finally, the model does not
take into account the context of behavior change,
such as environmental and social factors. Therefore,
the usefulness of this model in reducing free sugars
intakes among adults may be limited.

PRIME Theory of Motivation

The PRIME Theory of motivation is a very complex
framework, which considers the brain as the
energizer and director of an individual’s behavior.”
It is based on the principle, “At every moment we
act in pursuit of what we most desire (want or need)
at that moment”” The theory was developed as a
patchwork of elements from previous theories,
focusing on elements that help explain and predict

OMAN MED J, VOL 35, NO 2, MARCH 2020



SAID HARITH AL RAWAHI, ET AL.

AN
u\xa‘:‘““\\\\

/8215y
puy
JuonedN

%

N
@) N
Matic AL

MoryaToN
Training

Service provisio®

. Source of behavior . Intervention functions

Policy categories

Figure 6: The Behavior Change Wheel ®

behavior.***” Although not a behavior change theory
in itself, given the central role that motivation plays
in undertaking behavior change, the PRIME Theory
of motivation is reviewed here.’*¥” As shown in
Figure 5, there are five subsystems within PRIME,
including plans, responses, impulses and inhibitors,
motives, and evaluations.”

PRIME Theory has been mainly applied to one
behavior, namely, tobacco use. It was been applied
initially to smoking cessation interventions in
conjunction with behavioral change techniques.*”°
A RCT examining the effectiveness of a PRIME-
based smoking cessation interactive webpage
compared to a passive information providing
webpage found that 10% quit smoking for six months
in both groups, which is similar to the success rate of
one-to-one counseling.”*

An observational cohort study investigated the
usefulness of a smartphone app based on PRIME
Theory and behavior change techniques (BCT)
to quit smoking (even though it was not clear
exactly how this app was created).”” Approximately
19% of the participants quit smoking for 28 days,
so the authors concluded that the app could help
certain smokers to stop. Both studies show that
PRIME may be effective, but they only have
short-term follow-ups and were applied to online
or via apps settings, which can miss populations
who are not using apps or online smoking
cessation programs.

PRIME Theory has not been applied to specific
oral health behaviors including reducing free sugars
intake related to dental caries among adults,*

although some have suggested that it may be
appropriate to apply to do so.”

In summary, the PRIME Theory of motivation
has not been applied to specific oral health
behaviors and has not been applied to most other
health-related behaviors. Because of this lack of
evidence-base, more studies are needed before
recommendations regarding its application to adult
oral health behaviors can be made. Additionally,
the theory can be used in conjunction with the
capability, opportunity, motivation, and behavior

(COM-B) model.”

Bebavior Change Wheel (BCW ) framework
The BCW framework considers the importance
of the contexts in which actions or behaviors take
place.”s Also, the framework draws a systematic and
coherence plan on how to achieve behavior change,
from understanding the context of the behavior to
offering many function interventions and categories
and techniques to achieve the behavior change.”>”
The BCW comprises three layers, as demonstrated
in Figure 6 and explained below:”
= Itstarts with the inner layer, which is the hub of the
wheel, and it is used to identify the most proximal
determinants of behavior at the individual or
population levels. The COM-B model is used
for this purpose, and the theoretical domain
framework (TDF) can be used for further analysis
along with the COM-B to model the behavior.

= The second layer is the intervention functions,
which contains a range of functions, which
are effective in achieving behavior change. The
application of these functions depends on COM-B
model analysis of the behavior.

= The outer layer (the rim of the wheel) contains
policy categories, which support the delivery of
the intervention functions and modify the context
in which individual behavior occurs.

Four initial tools are applied within the BCW
framework when designing effective interventions:
COM-B model, TDFE, BCT, and mode of delivery
ontology (MoDQ).*** These tools all work
together, under the BCW framework, where
COM-B model is for understanding behavior,
TDF is further analysis of behaviors, BCTs are
used to change behaviors, and MoDO is used to
deliver the BCT. The relationship between the four
tools with BCW is shown in Figure 7. The BCW
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(OM-B

BCT
TDF

(OM-B: capability, opportunity, motivation, and behavior; TDF: theorotical domain framework;

BCT: behavior change techniques; MoDO: mode of delivery ontology.

MEE )

Figure 7: The four tools with Behavior Change Wheel (BCW) and their relation with BCW.

framework suggests cight steps (grouped into three
stages) for designing effective interventions for
behavior change.”

The BCW has been used for different purposes.
For example, it provides a system for coding
behavioral interventions and has been utilized
within systematic reviews to categorize interventions
used to change behavior and as a system for designing
interventions. To date, the BCW has been used as
part of systematic reviews in the following fields: head
and neck cancer,” research design,” and adherence
to medicine related to cardiovascular disease.”® The
BCW framework was also used to develop behavior
change interventions for weight management-
healthy,”'* rehabilitation,'”" capacity building,'®
smoking cessation,'” and men’s sexual health.' In
general, most authors found that the BCW was a
useful theory for designing interventions.'*!%>1%

However, one of the challenges in using the
BCW framework was difficulty in achieving a
consensus among scientists about the importance ofa
dimension in behavior change after data gathering.'**
Also, it has been suggested that the BCW framework
is not designed for transforming behavior change
plans into software application features, so in one
study, the authors had to rely on other sources for
selecting appropriate interventions.'”® The BCW
framework has been described as “less directive
and helpful” because the authors believe that and
policy categories of the BCW framework are not
as well defined as their names suggested in the
framework irrespective of the behavior analysis
stage.'” For example, the outer layer of the system
(policy categories) is not well defined and fit more
under the policy level. This led them to fit all of
their intervention components under one-category:
service provision. However, they felt that the BCT
Taxonomy (v1) was useful in the development of
behavior change interventions because it provided
them with common terminology, which helped
in describing the aim of each component of the

interventions. Unfortunately, none of these studies
was a RCT. Currently, few clinical trial protocols
have been published that aim to test the effectiveness
of interventions based on the BCW framework in
different health-related behaviors, these include

106107 and men’s sexual health.!%®

physical activity

The BCW framework, with its tools and stages,
has not been tested in specific oral health behaviors
among the adult population, including reducing
free sugars intake.”” For example, TDF was used to
understand factors that influence the application
of fluoride varnish on Scottish children’s teeth.'®
Another example is the use of TDF in understanding
the factors that influence the management of patient’s
with bacterial infections in dental settings.'”” The
BCW framework and its tools may provide a useful
theory for the design of interventions to enhance
oral health.”

In summary, the BCW system, along with its
associated tools, appears to be the most suitable
for capturing the complexity of adult oral health-
related behaviors, in particular reducing free sugars
intake among adults. The previous applications to
general settings have demonstrated that it can be
successfully applied to design interventions and to
analyze and understand behaviors. Furthermore,
it explicitly links behavior analysis with behavior
interventions."' Its usefulness with regard to oral
health remains to be explored. The BCW would be a
very useful framework for free sugars intake because
it offers the opportunity to systematically analyze
the context in which the consumption of free sugars
takes place.

CONCLUSION
There is good evidence to suggest that interventions
based on theory are more effective than interventions
developed without a theory-based approach. Oral
health education does not influence diet control
behavior in the long term; it mainly increases
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knowledge with possible behavior change in the short-
term. Of the six theories of behavior change and a
framework reviewed here, there is limited evidence
from intervention studies based on social cognition
models, including TTM and TPB. However, these
models can predict free sugars intake, in particular
individual constructs, including self-efficacy, goal
setting, and action planning. The BCW and its tools
offer hope for the development of effective behavior
change interventions to reduce free sugars intake
among adults because of the comprehensiveness they
provide. However, their use in oral health is limited
at the moment. More studies, including trials, are
suggested to apply BCW and its tools when developing

interventions for reducing free sugars intake.
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