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Background. In the domain of health behavior change, the deployment and utilization of information and communications
technologies as a way to deliver interventions appear to be promising.This article describes the development of a web-based tailored
intervention, TAVIE en santé, to support people living with HIV in the adoption of healthy behaviors.Methods. This intervention
was developed through an Intervention Mapping (IM) framework and is based on the theory of planned behavior. Results. Crucial
steps of IM are the selection of key determinants of behavior and the selection of useful theory-based intervention methods to
change the targeted determinants (active ingredients). The content and the sequence of the intervention are then created based
on these parameters. TAVIE en santé is composed of 7 interactive web sessions hosted by a virtual nurse. It aims to develop and
strengthen skills required for behavior change. Based on an algorithmusing individual cognitive data (attitude, perceived behavioral
control, and intention), the number of sessions, theory-based interventionmethods, andmessages contents are tailored to each user.
Conclusion. TAVIE en santé is currently being evaluated. The use of IM allows developing intervention with a systematic approach
based on theory, empirical evidence, and clinical and experiential knowledge.

1. Introduction

The life expectancy ofHIV-infected individuals with access to
antiretroviral therapy (ART) is nowmeasured in decades and,
among those optimally treated, it can approach that of unin-
fected populations [1, 2]. However, the long-term use of ART,
the normal aging process, and the presence of certain lifestyle
risk factors have been associated with onset of metabolic
disorders, particularly glucose metabolism dysfunction and
dyslipidemia [3–7]. These disorders, as well as other factors,

can increase risk for diabetes and cardiovascular disease
[8].

The interventions developed in recent years to prevent
comorbidity among people living with HIV (PLHIV) have
mostly targeted three lifestyle risk factors, namely, tobacco
use [9, 10], physical inactivity [11, 12], and poor diet [13].
The literature in this regard is fragmentary. However, two
recent literature reviews [9, 10] that examined, respectively,
9 and 10 studies of smoking cessation interventions for HIV-
infected adults concluded that such interventions could be
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effective but that innovative individually tailored interven-
tions needed to be developed for this population. Clearly, case
management of PLHIV today must include risk-reducing
interventions aimed at supporting PLHIV in their efforts to
adopt positive health behaviors, especially quitting smoking,
exercising, and developing better eating habits [14].

In the field of health behavior change interventions,
the use of information and communications technologies
(ICT) as a means of intervention delivery shows tremendous
promise and the indubitable potential to promote healthy
behaviors [15, 16]. In a systematic review, Hou and colleagues
(2014) concluded that web-based interventions produced
positive results in terms of behavioral health outcomes [16].
In a meta-analysis of 40 randomized controlled trials (RCT)
of web-delivered tailored health behavior change interven-
tions, Lustria and colleagues (2013) reported that such inter-
ventions had a significantly greater effect on health behaviors,
such as smoking cessation and healthy eating, compared with
control conditions (e.g., nontailored intervention or waitlist
control group) [15]. A tailored intervention can be defined
as a change strategy devised for a specific person based on
the person’s individual characteristics identified beforehand
through an individual evaluation [17–19]. The specificity of
tailored interventions allows achieving greater significant
results in terms of behavior change, especially if the person
receives feedback adapted to the personal characteristics of
their health behavior [20–22]. In this regard, the use of ICT
seems, in theory, to offer many advantages in a public health
perspective [23]. Uppermost among these is the capacity to
disseminate a large amount of information formulated for
individual needs, in a dynamic and sequential fashion, any-
where, anytime. Much of the user appeal of this approach
derives from the possibility it affords of accessing customized
information at one’s convenience.

In light of the above, we developed a web-based tailored
nursing intervention called TAVIE en santé to help PLHIV
adopt healthy behaviors. The groundwork for the interven-
tion was provided by the earlier creation of a virtual nursing
intervention concept called TAVIE, the French acronym for
Traitement Assistance Virtuelle Infirmière et Enseignement
(Treatment Virtual Nurse Assistance and Teaching), and of
an innovative web platform. The purpose of this paper is to
describe how theTAVIE en santé intervention was developed.

2. Methodology

The web-based tailored nursing intervention was developed
using the Intervention Mapping (IM) protocol developed
by Bartholomew and colleagues [24, 25]. The strength of
the protocol lies in the fact that it integrates theory and
empirical evidence to develop an action plan for the primary,
secondary, and tertiary levels of intervention. IM is a six-
step process. The first step consists in conducting a needs
assessment to identify the health problem in the target popu-
lation and associated determinants. In step two, matrices
of change objectives are created to establish the behaviors
and their determinants that should be targeted. Step three
serves to select the theory-based intervention methods and
the practical applications for changing the health behaviors

via their determinants. Step four consists in developing the
content and sequence of the intervention. Step five involves
implementing the intervention and step six involves evaluat-
ing it.

Section 3 describes how the IM process was applied in
developing the TAVIE en santé web-based tailored nursing
intervention.

3. Results

3.1. Step 1: Needs Assessment. Aneeds assessment was carried
out to document the lifestyle risk factors of PLHIV. In this
case, determinants associated with the behavior changes
sought were identified through screening of relevant litera-
ture.

3.1.1. Health Problem: Lifestyle Risk Factor. The selection of
the topics of interest was based on clinical relevance and
published data. Tobacco smoking has been found to be two
to three times as prevalent among PLHIV as in the general
population [9, 10, 26–29], which means that 40% to 70% of
PLHIV are smokers. Moreover, a literature review by Santos-
Lozano and Garatachea (2011) suggested that PLHIV were
drastically less active than the healthy population (e.g., as
measured by number of steps walked per day and time spent
doing physical activity) [30]. Also, a systematic review by
Schuelter-Trevisol et al. (2012) revealed that up to 73% of
PLHIV were sedentary [31]. Finally, research has shown that
PLHIV were more likely to exceed intake recommendations
for saturated fat [32, 33] and dietary cholesterol [34].

3.1.2. Predictors of Healthy Behaviors: Theory of Planned
Behavior. The meta-analyses carried out by Armitage and
Conner (2001), Godin and Kok (1996), Sheeran (2002), and
Webb and Sheeran (2006) suggested the Ajzen’s theory of
planned behavior was very good for predicting and explain-
ing numerous health behaviors [35–39]. According to this
theory, whether a health behavior is adopted is determined by
intention (motivation), which in turn is explained by attitude,
subjective norm, and perceived behavioral control. Attitude
and subjective norm influence intention, which predicts
whether the behavior will be adopted. However, perceived
behavioral control is a determinant that can influence the
behavior directly when the behavior is not under volitional
control. Within the framework of the proposed intervention
aimed at quitting smoking, engaging in physical activity, or
adopting a healthy diet, three determinants of behavior were
targeted: intention, attitude, and perceived behavioral control
(see Figure 1).

3.2. Step 2: Matrix of Change Objectives. The matrix of
change objectives is the basic tool used in IM for conceptual-
izing and developing interventions [24].Thematrix is created
by the intersection of performance objectives and determi-
nants (i.e., factors that explain and/or predict the adoption
of healthy behaviors). The endpoints, or proximal program
objectives, state what must be learned and performed by the
target group in order to optimize health behaviors.
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Figure 1: Targeted determinants of behavior in the TAVIE en santé
intervention (figure adapted fromAjzen (1991) inGodin (2012) [35]).

The first task in step 2 is to set expected intervention out-
comes.The aim of our nursing intervention is the adoption of
the following healthy behaviors: smoking cessation, physical
activity, or healthy eating. Intervention recipients are asked to
choose which of these three behaviors they wish to change.
The second task in step 2 is to subdivide behavioral outcomes
into performance objectives. These describe what people
need to do in order to achieve the desired change: (1) identify
the health behaviors to adopt; (2) choose to adopt one of the
proposed behaviors and undertake the process of adopting
the behavior, begin the behavior, and act accordingly; and (3)
engage in and consolidate the behavior, overcome possible
barriers by deploying means and reminding oneself of the
benefits of adopting the behavior.The third task in step 2 is to
select and refine the key determinants of behavior amenable
to change. Table 1 presents the matrix of change objectives.

3.3. Step 3: Theory-Based Intervention Methods and Practical
Applications. Step 3 in IM consists in selecting useful theory-
based intervention methods to change the targeted determi-
nants of behaviors. Practical applications, for their part, are
specific techniques or strategies that serve to organize and
operationalize the theoretical methods. In our case, three
methods are used for all the targeted determinants: tailoring,
modeling, and feedback/reinforcement. Specific methods are
also used for each determinant. To change attitude, the fol-
lowingmethods are employed: behavioral belief selection and
persuasive communication. To identify behavioral beliefs, the
virtual nurse in the intervention provides information on
the benefits of the target behavior. She invites participants
to identify the advantages and disadvantages for them of
adopting the chosen behavior. She also refers to examples
provided by other PLHIV to help with the process. Here is
an example of what the virtual nurse might say:

Right now, you have little or no intention of
engaging in physical activity and barely see any
advantage to doing this. Tell yourself that you are
not the only one in this situation! Taking steps to
start doingmore physical activity is no simple task.
Many people living with HIV find advantages in
physical activity. Being active makes them feel
fit, helps them control their weight, and improves
flexibility in order to prevent aches, pains and
muscular atrophy. It also improves oxygen flow to
the brain. Studies have shown that adopting habits

such as performing physical activity reduces the
risk of heart disease and diabetes. Additionally, it
helps unwind and restore your sense of well-being.
I invite you to listen to Daniel’s story about the
advantages and disadvantages of physical activity.

To improve perceived behavioral control, the followingmeth-
ods are deployed: control belief selection, coping planning,
and verbal persuasion. Finally, there are two preferred meth-
ods for acting on intention: implementation of intention
and goal setting. Table 2 gives the targeted determinants
and their corresponding theory-based interventionmethods,
definitions, parameters for use, and applications/messages.
The table is modeled on the one presented in Bartholomew
et al. (2011) [24].

3.4. Step 4: Content and Sequences of the Intervention. TAVIE
en santé is a tricomponent web-based tailored intervention
facilitated by a virtual nurse. It is meant to address smoking
cessation (SC), physical activity (PA), and healthy eating
(HE). The virtual nurse is at the heart of each web session.
This virtual nurse is in fact a real nurse who acts as a “virtual
coach” and interacts with PLHIV asynchronously via the
medium of video clips. The role of this virtual nurse is to
provide education and to propose strategies to participants
to support them in adopting their chosen health behavior.
She also provides positive reinforcement and feedback on
the significant elements of the previous session. This ensures
follow-up prior to each new session by verifying the partici-
pant understanding of proposed skills and their application in
daily life. Aside from delivering tailored teaching, the virtual
nurse also refers to the experiences of other people who have
been able to cope with similar situations successfully.

Each component (SC, PA, and HE) includes seven inter-
active web sessions lasting 5 to 10 minutes. The average dura-
tion of each component is 50 minutes. Each web session has
a distinct objective. The first session focuses on identifying
the advantages and disadvantages of adopting the chosen
behavior. The second session aims to help the participant
remember the advantages of adopting this behavior. The
third and fourth sessions are geared to identifying difficult
situations and barriers as well as ways to overcome them.
The fifth session is intended to help the participant formulate
an action plan to facilitate adopting the behavior, and the
sixth session is supposed to reinforce this action plan. The
seventh session serves as a booster to consolidate what the
participants learned during the intervention.

The intervention is tailored on level of intention, attitude,
and perceived control. Participants are assigned one of three
profiles generated by a computer algorithm (see Figure 2).
Profile 1 (P1) is marked by low attitude regarding adopting
the chosen behavior and requires completing all seven ses-
sions of the intervention. Profile 2 (P2) is characterized by
low perceived control and requires completing five sessions
(sessions 3 to 7). Profile 3 (P3) corresponds to high intention
to change the chosen behavior and requires completing only
three sessions (5 to 7). It is assumed that a person with high
intention to change (P3) will require less virtual support
than a person with low intention to change (P1) or with
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Table 1: Matrix of objectives.

Performance objectives Intention and behavior determinants and change objectives
Attitude Perceived control Intention

(PO1) Identify/choose a health
behavior to adopt.

(A1) Understand the importance
of adopting the health behavior.

(PC1) Assess the capacity to
adopt the health behavior.

(I1) Formulate an intention to
motivate the adoption of the

behavior.

(PO2) Make the decision to
adopt a proposed behavior.
Engage in a behavior adoption
process.
Begin adopting the behavior and
act accordingly.

(A2) Identify the advantages and
disadvantages of adopting the

chosen behavior.
Identify the positive and negative
emotions in adopting the chosen

behavior.

(PC2) Identify the barriers and
factors that may hinder or

facilitate adoption of the chosen
behavior.

Identify ways of overcoming the
barriers and negative emotions
and the external resources that
may help adopt the chosen

behavior.

(I2) Formulate an action plan
describing when, where, and how
to adopt the chosen behavior.

Anticipate/identify/recognize the
barriers and find ways to
overcome and foresee the

difficulties.

(PO3) Act and consolidate the
behavior, overcome potential
barriers by deploying means and
reminding the advantages of
adopting the behavior.

(A3) Evaluate adoption of the
behavior positively and focus on
the advantages of adopting the

chosen behavior.

(PC3) Believe in the ability to use
the factors and external resources
that may facilitate adoption of

the behavior.
Use these problem-solving

strategies.

(I3) Carry out/reinforce the
action plan and act on the
barriers encountered.

low perceived control over change (P2). Each profile receives
specific, theory-based intervention methods and tailored
messages. For example, belief selection and persuasive com-
munication are used to change a participant’s attitude towards
their chosen behavior. Coping, planning, and role modeling
are used to improve perceived behavioral control and goal
setting, whereas implementation of intention is used to act
on intention.

For the purpose of developing the intervention content
(i.e., messages, case stories, scenarios reflecting the reality,
and lived experience of PLHIV), a focus group was held
with six PLHIV (3 men and 3 women), 30 to 70 years old.
The group served to identify behavioral and control beliefs
inherent to each behavior. Messages were created in line with
focus group content, the theoretical methods used, and the
determinants of behaviors chosen.

After completing the web sessions corresponding to their
profile, participants can revisit all previous sessions as often
as they wish via a table of contents. The fact that TAVIE
en santé is available in both French and English makes it
possible to reach a wider audience. The multimedia content
of the intervention consists of nearly 350 web pages with 296
videos, 164 animated narrations, and 84 PDF files containing
information and tools (see Figure 3).

Our unique team brings together researchers from a
variety of disciplines (nursing, medicine, social work, health
promotion, and computer science) to pool their expertise
in AIDS, cardiovascular disease, and diabetes for a com-
mon cause: the development of innovative interventions for
the treatment of health problems experienced by PLHIV.
Moreover, the content of the intervention has been validated
by different health professionals, including a nutritionist, a
kinesiologist, nurses, and physical activity research experts.

3.5. Steps 5 and 6: Implementation and Evaluation. An online
RCTwith parallel groups is currently ongoing across Canada.

To participate in the study, PLHIV must be ≥18 years old,
able to read/understand French or English, and have Internet
access. A convenience sample of 750 participants will be
assigned randomly either to an experimental group exposed
to the TAVIE en santé intervention or to a control group with
access to informative websites (1 : 1 allocation ratio). Various
health behaviors and cognition and health indicators will be
assessed at preintervention (T0), 3-month follow-up (T3),
and 6-month follow-up (T6). The procedure for this online
study will be based on our earlier HIV-Medic Online study
[41]. The trial protocol for evaluating the TAVIE en santé
intervention has been published elsewhere [42].

4. Discussion

The purpose of this article was to present results obtained at
each step in the development of the TAVIE en santé interven-
tion for PLHIV using the IM process and to contribute to the
scientific literature on web-based tailored interventions.

There are well-established conceptual frameworks to
guide the development of health interventions [24, 43]. The
IM method that we used is a systematic approach that draws
on theory, empirical evidence, and clinical and experiential
knowledge. Identifying the health problem and determinants
to target and selecting the most appropriate theoretical
methods and practical applications to address these deter-
minants are key steps in the process. Choosing theory-based
intervention methods and practical applications suited to the
health-related behavior to change and the determinants to
target is crucial as well. Michie and colleagues (2008, 2011)
have pleaded for the use of theory-based approaches not only
to understand behaviors but also to guide intervention design
[44, 45]. Unfortunately, interventions are more often theory-
inspired than they are theory-based.

For the development of TAVIE en santé, IM was cho-
sen over and above other methodologies considering its
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Choice of 
behavior

Healthy eating Cognitive 
measure score

Low attitude P1 Sessions 1 to 7

Low perceived control P2 Sessions 3 to 7

High intention P3 Sessions 5 to 7

Smoking 
cessation

Cognitive 
measure score

Low attitude P1 Sessions 1 to 7

Low perceived control P2 Sessions 3 to 7

High intention P3 Sessions 5 to 7

Physical activity Cognitive 
measure score

Low attitude P1 Sessions 1 to 7

Low perceived control P2 Sessions 3 to 7

High intention P3 Sessions 5 to 7

Figure 2: Profile attribution.

Figure 3: Screenshots of a TAVIE en santé web page.

strengths, added value, and the expertise of the research
team associated with this approach. During the development
process, some steps were more challenging than others.
Steps 1 and 2 were useful in targeting the problem and its
determinants.They provided answers to important questions
that were prerequisites to the development of the intervention
such as the following: what is the goal of the intervention?

What are we trying to change? This problem came to light
due to a clinical preoccupation to prevent and manage
comorbidities among people living with HIV. Three health
behaviors were selected: tobacco use, physical inactivity, and
poor diet. The current state of empirical and theoretical
knowledge facilitated the identification of healthy behavior
predictors which became the targeted determinants, namely,
intention, attitude, and perceived behavioral control. The
challenges arose mainly during steps 3 and 4. We needed to
operationalize the content and to find answers to questions
such as the following: what strategies for change are available?
What and how strategies should be used? The operational-
ization of the theoretical methods in practical applications
and the content development were particularly challenging.
During these steps, clinical and experiential knowledge from
professionals and patients were highly relevant: they greatly
contributed to defining the specific contents and sequences
of the intervention. Developing the clinical contents ofTAVIE
en santé required multiple rounds of validation and revisions
throughout the process.

While IM allows detailing each step and component
of an intervention, it offers little guidance regarding web-
based content delivery [46]. In this regard, Morrison and
colleagues (2012) stated that existing intervention develop-
ment approaches needed to be supplemented by frameworks
to guide the delivery of content via ICT [47]. Applying
critical interpretive synthesis,Morrison and colleagues (2012)
proposed four design features thatmightmediate the effect of
ICT interventions on outcomes: self-management, contacts
with intervention, tailoring, and social context and support
[47]. Our web-based tailored nursing intervention is meant
to empower individuals to adopt healthy behaviors. Through
asynchronous contacts, the virtual nurse that facilitates the
intervention provides tailored coaching and support to this
end. The intervention also presents a role model: a virtual
patient in a situation similar to the user’s, who shares their
experience of adopting the proposed skills and strategies.This
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is the virtual environment that was created to provide a social
context and social support.

Health behavior change constitutes a real challenge. In a
systematic review of the literature on communication-related
behavior change techniques used in face-to-face lifestyle
interventions in primary care, Noordman and colleagues
(2012) found that 28 of the 50 studies assessed reported signi-
ficantly favorable health outcomes [48]. But what of tailored
interventions of the sort delivered online? Can a web-based
intervention alone help change behaviors? In their systematic
review of reviews on online prevention aimed at lifestyle
behaviors, Kohl and colleagues (2013) found that overall
effects of these interventions are positive but the effect sizes
appear to be small [49]. In their meta-analysis of web-
delivered tailored health behavior change interventions (𝑛 =
40 RCT), Lustria and colleagues (2013) found that these were
most successful when they targeted general populations (𝑛 =
26) rather than chronically ill patients (𝑛 = 6, individuals not
screened for any particular chronic illness or other disease
factors) [15]. Similarly, according to Murray (2012), web-
based interventions for people living with chronic conditions
remained a challenge and might be less successful [50].

Finally, people living with a chronic health condition
often fail to perceive lifestyle behavior changes as an impera-
tive, especially compared with the other health-related chal-
lenges they face, such as adherence to medication intake.
Consequently, they often lack the readiness and engagement
to enact these changes. The issue of engagement in web-
based interventions, that is, the fact that not all participants
follow or complete online interventions according to plan, is
well documented in the literature [51–53]. In their systematic
review, for example, Kelders and colleagues (2012) found that
only about 50% of participants adhered rigorously to inter-
ventions of the sort [52]. Research has sought to identify
the characteristics of eHealth intervention nonengagers [54,
55]. In their study, Kelders and colleagues (2011) found that
older age and chronic condition predicted nonuse of a web-
based intervention to promote healthy eating and exercising
behavior [54]. In their systematic review, Kelders and col-
leagues (2012) proposed various strategies to boost engage-
ment: shorter intervention segments, more dialogue-based
support, and interaction with a counselor [52]. They recom-
mended taking these elements into account when designing
a web-based intervention. Alkhaldi and colleagues (2016),
instead, found that engagement could be bolstered by tech-
nology-based strategies such as the use of emails, text
messages, and telephone calls [51]. These findings must be
interpreted with caution, however, as the field of engagement
strategies is still only at a nascent stage.

5. Conclusion

In conclusion, the systematic use of IM allowed us to detail
all of the steps and components of the intervention following
recommendations specific to tailored interventions and the
TIDieR checklist [56]. These instruments and guidelines
make for better reporting of the content of behavior change
interventions, which is essential to help develop new inter-
ventions, refine existing ones, and replicate and disseminate

them on a larger scale. The use of IM allows avoiding “black
box” interventions that, while they may prove effective, are
difficult to repeat and explain for lack of implementation data
and an understanding of underlying mechanisms.
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de Montréal, 2012.

[36] C. J. Armitage andM.Conner, “Efficacy of the theory of planned
behaviour: a meta-analytic review,” British Journal of Social
Psychology, vol. 40, no. 4, pp. 471–499, 2001.

[37] G. Godin and G. Kok, “The theory of planned behavior: a
review of its applications to health- related behaviors,”American
Journal of Health Promotion, vol. 11, no. 2, pp. 87–98, 1996.

[38] P. Sheeran, “Intention—behavior relations: a conceptual and
empirical review,” European Review of Social Psychology, vol. 12,
no. 1, pp. 1–36, 2002.

[39] T. L. Webb and P. Sheeran, “Does changing behavioral inten-
tions engender behavior change? Ameta-analysis of the experi-
mental evidence,” Psychological Bulletin, vol. 132, no. 2, pp. 249–
268, 2006.
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