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Résumé

Bien que l'augmentation de l'activité physique entraine plusieurs effets bénéfiques sur la
sant¢ apres un syndrome coronarien aigu (Anderson et al., 2016; Moholdt, Lavie, & Nauman,
2018), seulement 40 a 60% des patients coronariens atteignent le niveau d'activité physique
recommandé (De Smedt et al., 2016; Janssen & Jolliffe, 2006; Reid et al., 2006). Bien que les
interventions sur le Web offrent de nouvelles modalités permettant de rejoindre de larges
populations de patients coronariens, peu d’études ont utilisé des mesures objectives de I’activité

physique pour en évaluer les effets (Devi et al., 2015).

Le développement d'une intervention infirmiére personnalisée sur le Web de quatre
semaines, TAVIE en m@rche, a été guidé par 1’approche de soins fondée sur les forces et la
théorie de l'autodétermination. Le but de l'intervention était d'augmenter la durée de la marche a
pied d'intensité modérée a 150 minutes par semaine, comme recommandé chez des patients
coronariens insuffisamment actifs. L’intervention est centrée sur les vidéos d'une infirmiére
proposant un contenu adapté aux niveaux de la motivation autonome, de la compétence pergue et

de la marche a pied auto-rapportée.

Le but primaire de cet essai controlé randomisé multicentrique a deux groupes paralléles
¢tait de tester l'effet de TAVIE en m@rche sur 1'augmentation du nombre de pas par jour a douze
semaines post-randomisation. Les buts secondaires visaient a évaluer 1'effet de l'intervention sur
I'augmentation du nombre de pas par jour a cinq semaines ainsi que l'augmentation de la marche
a pied et de l'activité physique modérée a vigoureuse a cinq et douze semaines. Nous avons
¢galement exploré I'effet de l'intervention sur la motivation et la confiance a atteindre la
recommandation pour la marche a pied ainsi que sur la qualité de vie, le tabagisme, I’adhérence a
la médication cardiaque, la participation a un programme de prévention secondaire, les visites

aux urgences, les hospitalisations et la fréquence des douleurs angineuses.

Les patients présentant un syndrome coronarien aigu €éligible devaient déclarer un niveau
d'activité physique inférieur a celui recommandé durant les six mois avant I'hospitalisation et
pouvoir accéder a l'intervention sur le Web. La randomisation a eu lieu entre la quatriéme et la

sixiéme semaine post-hospitalisation au cours desquelles les participants ont été assignés au
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hasard au groupe expérimental, pour recevoir TAVIE en m@rche, ou au groupe contrdle, pour
recevoir des hyperliens vers des sites Web publics. Les données ont été collectées a cing et douze

semaines selon les buts de 1’étude.

Soixante participants ont été randomisés dans les deux groupes et trente-neuf ont fourni
des données complétes sur le résultat principal. A douze semaines, en comparaison au groupe
controle, une augmentation minimale, mais non-significative, du nombre de pas par jour ainsi
qu’une amélioration notable sur le plan clinique, mais non-significative, de l'activité physique
d'intensité modérée a vigoureuse ont été observées dans le groupe expérimental. Aucune
différence significative n'a été observée entre les groupes en ce qui concerne les autres buts

secondaires et exploratoires.

L’augmentation minimale et non-significative observée quant au résultat principal
pourrait s’expliquer par le fait que la plupart des participants avaient déja augmenté leur nombre
de pas par jour avant méme d'avoir acces a l'intervention. L'amélioration sur le plan clinique de
l'activité physique modérée a vigoureuse, méme si non-significative, pourrait néanmoins étre
bénéfique a la santé. Cependant, I’interprétation de ce résultat est faite avec prudence en raison
des limites suivantes: les types d'activités physiques qui auraient pu expliquer cette amélioration
n'ont pas été collectés, un risque de biais li¢ a ’attrition est présent et la marge d’erreur est

grande vu le petit nombre de participants.

Cette étude contribue néanmoins a l'avancement de la théorie en proposant une
conceptualisation et une opérationnalisation solide d'une nouvelle intervention infirmiére sur le
Web. Les contributions empiriques découlent des réflexions sur les adaptations possibles de
l'intervention et du devis de la recherche et qui permettraient de mieux atteindre la population-

cible et de mieux répondre a leurs besoins de soutien pour accroitre 1'activité physique.

Mots-clés : syndrome coronarien aigu, prévention secondaire, activité physique, marcher,
Internet, personnalisé par ordinateur, cybersanté, soins infirmiers fondée sur les forces, théorie de

I'autodétermination, intervention infirmiére
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Abstract

Although increasing physical activity produces several health benefits after an acute
coronary syndrome event (Anderson et al., 2016; Moholdt et al., 2018), only 40 to 60% of
coronary patients attain the recommended physical activity level (De Smedt et al., 2016; Janssen
& Jolliffe, 2006; Reid et al., 2006). Whereas web-based interventions offer novel modalities
scalable to large populations of coronary patients, there is a paucity of evidence using objective

measures of physical activity behaviour (Devi et al., 2015).

The development of a four-week web-based tailored nursing intervention, TAVIE en
m(@rche, was guided by a framework integrating Strengths-Based Nursing Care and Self-
Determination Theory. The intervention goal was to increase moderate-intensity walking to the
recommended 150 minutes per week in insufficiently active acute coronary syndrome patients.
The intervention is centered on videos of a nurse delivering content tailored to baseline self-

reported autonomous motivation, perceived competence, and walking behavior.

The primary aim of this parallel two-group multicenter randomized controlled trial was to
test the effect of TAVIE en m@rche on increasing steps per day at twelve-weeks post-
randomization. Secondary aims included testing the effect of the intervention on increasing steps
per day at five weeks, and increasing walking and moderate to vigorous physical activity at five
and twelve weeks. We also explored the effect of the intervention on motivation and confidence
to attain the walking recommendation, quality of life, smoking status, cardiac medication
adherence, secondary prevention program attendance, emergency department visits,

hospitalizations, and angina frequency.

Eligible acute coronary syndrome patients reported performing less than the
recommended physical activity level six-months prior hospitalization and having the ability to
access the web-based intervention. Randomization occurred between the fourth and sixth week
post-hospitalization upon which the participants were assigned to either the experimental group,
receiving TAVIE en m@rche, or the control group, receiving hyperlinks to public websites.

Outcome data were collected at five and or twelve weeks according to the aims.

Sixty participants were randomized equally among the two groups, in which thirty-nine

provided completed data for the primary outcome. At twelve weeks, relative to the control
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groupe, a minimal and non-significant increase in steps per day as well as a non-significant
improvement in moderate to vigorous intensity physical activity were found in the experimental
group. No significant effects were observed between groups regarding other secondary or any

exploratory outcomes.

The minimal and non-significant increase in the primary outcome may be explained by
most participants attaining the intervention goal before receiving access to the intervention. The
magnitude of improvement in moderate to vigorous physical activity, albeit non-significant,
could nonetheless represent important health gains in the experimental group. However, caution
in interpretation is warranted in this result for the following limitations: the types of physical
activities that could have explained this improvement were not collected, a risk of attrition bias

was present, and the result shows statistical uncertainty that occurred from a small sample size.

This study contributes to the advancement of theory in intervention design by
demonstrating the conceptualization and operationalization of a novel web-based intervention
using a nursing approach. Empirical contributions arise from stimulating thinking on possible
adaptions of the intervention and research design to best reach the intended population for

intervention and to best meet their needs for support in increasing physical activity.

Keywords : acute coronary syndrome, secondary prevention, physical activity, walking,
Internet, computer-tailored, eHealth, Strengths-Based Nursing Care, Self-Determination Theory,

nursing intervention
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Chapter 1. Background

Acute coronary syndromes (ACS) are among the leading causes of coronary artery
disease (CAD) mortality and health care utilization worldwide (Barquera et al., 2015). ACS are
acute cardiac events ranging from unstable angina to myocardial infarction, which arise from a
progressive and abnormal accumulation of atherosclerotic plaques in the coronary arteries
leading to disease (Boudoulas, Triposciadis, Geleris, & Boudoulas, 2016). In Canada,
approximately 62,000 first time myocardial infarctions occur yearly (Public Health Agency of
Canada, 2018), and during 2016-2017, myocardial infarction was the third top reason for
hospitalization (Canadian Institutes for Health Information, 2017). Therefore, ACS patients after

hospitalization represent an important population for health care professionals to focus on.

Health behaviour changes, such as increasing physical activity, reducing smoking status,
and improving cardiac medication adherence and diet, contribute to stabilizing or reversing CAD
progression (Boudoulas et al., 2016). Nurses encourage health behaviour changes through the
provision of education and counseling in collaboration with health care services (Lin, Neubeck,
& Gallagher, 2017). Encouraging successful increases in physical activity alone are associated
with health benefits. Greater reductions in mortality risk are found in CAD patients who are
more physically active as compared to those who are less physically active (Moholdt et al.,
2018). Moreover, improved quality of life and reduced hospitalizations are found in CAD
patients participating in supervised exercise (Anderson et al., 2016). In parallel, the ‘gateway’
effect suggests that positive change in one health behaviour may increase overall confidence and
serve as a ‘gateway’ to other health behaviour changes (Prochaska, Spring, & Nigg, 2008). As
such, increased confidence from positive changes in physical activity may influence reduced
smoking status, improved cardiac medication adherence, diet or attendance in supervised
exercise. Despite these actual or potential benefits, estimates range from 40% to 60% of CAD
patients performing sufficient levels of physical activity (De Smedt et al., 2016; Janssen &
Jolliffe, 2006; Reid et al., 2006).

Participation in a secondary prevention program is one way to help ACS patients increase
physical activity. The Canadian Guidelines for Cardiac Rehabilitation and Cardiovascular
Disease Prevention suggest that components of secondary prevention programs include

interventions aimed at promoting long-term health behaviour changes in cardiac patients (Stone
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et al., 2009). Traditional secondary prevention programs consist of face-to-face or phone health
behaviour change counselling interventions, which may range from brief to intensive
counselling, and most include supervised exercise in hospital settings (Grace, Bennett, Ardern, &
Clark, 2014). Because only 22% to 30% of CAD patients attend traditionally delivered
secondary prevention programs, alternative ways of delivering these programs are being

examined in research, including the use of the Internet (Grace et al., 2014).

Web-based interventions aimed at improving health behaviours are delivered via the
Internet and include modes of delivery that are integral to a website such as online text, videos
and discussion forums, and other modes of delivery that are complimentary to a website such as
email and Short Message Service (SMS) (Eysenbach & CONSORT-EHEALTH Group, 2011).
An advantage of web-based interventions is their potential to reach large numbers of people
including those living in remote locations, those who have difficulty traveling to face-to-face
interventions, or those who are unwilling to participate in such interventions (Griffiths,
Lindenmeyer, Powell, Lowe, & Thorogood, 2006). Empirical evidence, drawn from meta-
analyses, on web-based interventions is presented as follows: the effect of tailored interventions
on health behaviour changes in non-CAD populations; the effect of tailored or non-tailored
interventions on physical activity in mainly non-CAD populations; and the effect of tailored or

non-tailored interventions on physical activity in only CAD populations.

Web-based interventions can be computer-tailored, which involves a computerized
process customizing information on individual assessments of characteristics such as levels of
motivation, confidence, and behaviour (Kreuter, Farrell, Olevitch, & Brennan, 2013). Tailoring
is expected to increase the relevancy of and attention to the information delivered, which in turn
is expected to improve effects on health behaviour changes (Kreuter et al., 2013). A meta-
analysis found a significant effect of web-based tailored interventions on health behaviour
change outcomes such as increased smoking cessation and improved diet as compared to non-
tailored or no intervention controls in populations of any age and health status (Lustria et al.,
2013). However, this same meta-analysis found no effect on physical activity outcomes.
Although no explanation of this result was proposed by Lustria et al. (2013), they suggest that
tailoring is not the “magic bullet” (p. 1063) in web-based interventions. As such, the efficacy of
web-based interventions on physical activity outcomes may depend on complex interactions

among other intervention elements such as the tailoring measures used (e.g., measures of
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motivation and confidence), modes of delivery (e.g., combinations of online text with videos,
email, and SMS), intervention intensity, and population characteristics. Therefore, research is
needed to test innovative combinations of intervention elements that may influence greater

improvements in physical activity.

In healthy adults, one recent meta-analysis of randomized controlled trials (RCTs),
comparing web-based interventions (tailored or not) to any type of control group (not specified),
found significant effects on physical activity outcomes (Jahangiry, Farhangi, Shab-Bidar, Rezaei,
& Pashaei, 2017). An earlier meta-analysis of RCTs or non-RCTs compared web-based
interventions (tailored or not) to control groups that were not web-based in adults with or without
a chronic disease (mainly non-cardiac, as only one RCT was piloted in CAD) (Davies, Spence,
Vandelanotte, Caperchione, & Mummery, 2012). They found a small and significant effect size
on primary physical activity outcomes (total or at least moderate intensity during leisure time,
which were mostly self-reported) (Davies et al., 2012). Moreover, a significantly greater effect
size was found in studies that recruited only insufficiently active participants versus no such
eligibility criterion (Davies et al., 2012). Therefore, the effect of web-based interventions
(tailored or not) is promising on physical activity outcomes in mainly non-CAD populations, and

effects may be more pronounced in insufficiently active participants.

In the cardiac literature, a meta-analysis by Devi at al. (2015) retained seven full-sized
RCTs of tailored or non-tailored web-based interventions in CAD populations (Antypas &
Wangberg, 2014; Devi, Powell, & Singh, 2014; Lear et al., 2014; Lindsay, Smith, Bellaby, &
Baker, 2009; Maddison et al., 2015; Reid et al., 2012; Southard, Southard, & Nuckolls, 2003),
and one other RCT (Widmer et al., 2017), was published after Devi et al. In all eight RCTs,
participants were recruited regardless of their baseline physical activity level. One common
feature was the use of web-based educational and/or motivational information using for instance,
online tutorials and slide-presentations about physical activity, with or without the use of SMS,
smartphone apps, or email. In addition to these common features, one RCT encouraged weekly

views of peer role models through online videos (Maddison et al., 2015).

Although Devi et al. (2015) was unable to compute a pooled effect of change in physical
activity behaviour (e.g., step counts or self-report) due to the data reported, three RCTs found
significant improvements (Antypas & Wangberg, 2014; Devi et al., 2014; Maddison et al.,



2015). However, Devi et al., (the meta-analysis) did not include measures of physical fitness to
evaluate effects on physical activity, which may influence the number of significant RCTs found.
Also, Devi et al., reported no significant difference between groups over time of steps per day
over six and twelve-month endpoints in the RCT by Reid et al. (2012). However, this RCT
nonetheless found significantly greater differences in group means in favour of the experimental
group at both follow-up endpoints, which was their planned primary outcome. Therefore, solid
evidence is scarce on the effect of web-based interventions on physical activity outcomes, and
the number of significant RCTs may depend on the nature (behaviour versus physical fitness),

and type (i.e., difference between groups over time versus group means) of outcomes retained.

Objective physical activity measures, considered as primary outcomes in five of these
RCTs, included a measure of behaviour (step counts by activity tracker), or fitness (exercise
capacity by treadmill). Primary outcomes of steps per day were significantly improved in both
RCTs measuring this outcome at six weeks (Devi et al., 2014), and at six and 12 months (Reid et
al., 2012). Among the three RCTs measuring exercise capacity (Lear et al., 2014; Maddison et
al., 2015; Widmer et al., 2017), only one found a significant improvement across their four and
16-month endpoints (Lear et al., 2014). These data suggest that significant improvements in an
objective measure of behaviour, such as steps per day, may be more amenable to change by a

web-based intervention than objective measures of fitness.

Considering the seven RCTs measuring self-reported physical activity (Antypas &
Wangberg, 2014; Lear et al., 2014; Lindsay et al., 2009; Maddison et al., 2015; Reid et al., 2012;
Southard et al., 2003; Widmer et al., 2017), only three found significant effects in some
outcomes. Specifically, significant improvements were found on a primary outcome of total
physical activity (walking, moderate and vigorous) (Antypas & Wangberg, 2014), although a
high risk of attrition bias was determined in this result (Devi et al., 2015). Significant
improvements were also found in secondary outcomes of moderate to vigorous intensity physical
activity (Maddison et al., 2015; Reid et al., 2012), and in walking (Antypas & Wangberg, 2014;
Maddison et al., 2015). Another RCT reported that the imprecision of their measure may explain
the observed non-significant improvement in physical activity (Southard et al., 2003). Also, a
non-significant greater increase in physical activity found in the most recent RCT (Widmer et al.,

2017), may be explained by a lack of power to detect differences in change in this outcome.



Comparing tailored versus non-tailored interventions, the former showed a greater
proportion of significant improvements on any planned physical activity outcome. Specifically,
among the three tailored interventions, two were significantly improved on their primary
outcomes of steps per day relative to usual care control groups (Devi et al., 2014; Reid et al.,
2012). The other was significant, relative to a non-tailored intervention website, on self-reported
total physical activity, although inconclusive due to attrition bias (Antypas & Wangberg, 2014).
Two of these significant RCTs included health care professional involvement through single or
combination use of email and chat (Devi et al., 2014; Reid et al., 2012). Among the five non-
tailored interventions (Lear et al., 2014; Lindsay et al., 2009; Maddison et al., 2015; Southard et
al., 2003; Widmer et al., 2017), two found significant improvements relative to usual care control
groups on at least one of the planned physical activity outcomes (Lear et al., 2014; Maddison et
al., 2015). Among these two significant RCTs, one included health care professional
involvement through email and chat (Lear et al., 2014). As such, most of these significant
interventions are reliant, in part, on the availability of health care professionals (Lustria et al.,
2013). In summary, the effect of tailored interventions, in which most included health care
professional involvement, on steps per day is promising. However, the paucity of solid evidence

highlights a need for future RCTs in this body of literature.

Nurses play an important role in the secondary prevention of ACS by providing health
behaviour change interventions (Lin et al., 2017). Nursing interventions are guided by shared
values of the nursing profession (Gottlieb, 2013). Strengths-Based Nursing Care presents a
framework of eight nursing values that guide interventions with the premise of working with

patients’ strengths toward the promotion of health and healing (Gottlieb, 2013).

The Strengths-Based Nursing Care value of ‘Self-determination’ is relevant in human
motivation, and was drawn from literature on self-determination including the past works of Deci
and Ryan (1985), the originators of the Self-Determination Theory (SDT). Empirical works in
SDT applied in health care settings suggest that changes in health behaviour can be explained by
three SDT constructs: perceived autonomy support, self-determined motivation continuum, and
perceived competence (Ng et al., 2012). The relationships between SDT constructs and physical
activity outcomes are generally well supported in observational studies and RCTs testing
traditional interventions in non-cardiac or cardiac populations (Teixeira, Carraca, Markland,

Silva, & Ryan, 2012). In the web-based physical activity literature, only one RCT testing an
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SDT-based intervention was retained in a recent meta-analysis (Jahangiry et al., 2017). This RCT
showed promising results concerning the effect on SDT constructs at three months (Friederichs,
Bolman, Oenema, Verboon, & Lechner, 2015), and self-reported physical activity at 12 months
in a general adult population (Friederichs, Oenema, Bolman, & Lechner, 2015). As such, the
overall SDT literature supports that interventions based on this theory have the potential to

improve physical activity outcomes.

Our goal was to develop and test the effect of a fully-automated Web-based intervention
that allows tailoring according to individuals’ level of motivation, confidence, and walking.
Tailoring has shown promising results in the web-based CAD literature, and fully-automated
interventions are advantageous as they can be implemented without health care professional
involvement. As no prior platform was found suitable to the desired features, we retained
TAVIE™, which allows both tailoring and a fully-automated implementation (Coté et al., 2011).
TAVIE™ platforms have been developed to support chronic disease management ranging from
human immunodeficiency virus, cancer, to cardiac surgery. TAVIE is a French acronym for
Traitement Assistance Virtuelle Infirmiére et Enseignement (Treatment Virtual Nurse Assistance
and Teaching). Using this platform, we developed TAVIE en m@rche in French, where “TA
VIE” means your life, and “en marche” means walking. The development was guided by
Strengths-Based Nursing Care and SDT. An intervention goal of increasing walking was
retained, as this is one recommendation in secondary prevention (Deschénes, Lacerte, &
Francois, 2009), and is objectively measurable in step counts (Ainsworth, Cahalin, Buman, &

Ross, 2015).

We tested the effect of TAVIE en m@rche in insufficiently active ACS patients. Our
primary aim was to demonstrate a greater increase in steps per day in the TAVIE en m@rche
experimental group as compared to a control group receiving access to public websites.
Secondary aims included testing the intervention’s effect on increased self-reported walking and
moderate to vigorous physical activity. Exploratory aims included testing the mediating role of
SDT constructs on increased steps per day, in addition to testing the intervention’s effect on
quality of life, other health behaviour changes, and health care utilization (emergency department
visits and hospitalizations). Specific hypotheses retained are presented with their endpoints at the

end of Chapter 2, following the literature review.



Chapter 2. Literature Review

Part 1: Physical Activity and Web-Based Interventions

This chapter is current to literature reviewed up to July 2015, which provided justification
for the protocol submission. Literature review after this date is implemented in the prior chapter,
the Protocol and Primary Results Articles, and in the thesis discussion. Chapter 2 is divided into
two parts. Part 1 presents the background of physical activity and web-based interventions in

CAD patients. Part 2 presents the intervention design of TAVIE en m@rche.
Health Benefits of Physical Activity

Physical activity is “any bodily movement produced by skeletal muscles that requires
energy expenditure” (World Health Organization, 2013). The physical activity recommendation
according to the Canadian Association of Cardiovascular Prevention and Rehabilitation, is to
perform at least five days per week of 30 minutes per day or to accumulate 150 minutes per week
of moderate-intensity physical activity (Stone et al., 2009). This recommendation, which is
equivalent to the general population, is supported by a position stand of the American College of
Sports Medicine (Garber et al., 2011). The recommendation also includes vigorous-intensity
physical activity performed for at least 75 minutes per week to attain the equivalent of the
moderate-intensity recommendation, or accumulating moderate to vigorous intensity physical
activity of 500 to 1000 Metabolic Equivalent of Task (MET)-minutes per week (Garber et al.,
2011). MET is defined as “the ratio of the rate of energy expended during an activity to the rate
of energy expended at rest” and MET-minutes per week “quantifies the total amount of physical
activity performed in a standardized manner across individuals and types of activities” (Garber et

al., 2011, p. 1337).

An approximation to this recommendation, commonly cited in physical activity research,
is to attain at least 1,000 kilocalories per week of moderate-intensity physical activity (Garber et
al., 2011). Although steps per day is another practical method of tracking physical activity, target
step counts represent total daily step-based activity rather than only moderate-intensity energy
expenditure surpassing regular activities (Tudor-Locke & Bassett, 2004). Moreover, as step

counts do not determine activity intensity, approximating steps counts to the recommendation is



difficult (Garber et al., 2011). Nonetheless, an accepted norm for attaining at least a “somewhat
active” lifestyle is translated in 7,500 steps per day (Tudor-Locke & Bassett, 2004). Moreover,
Garber et al. (2011), citing work by Marshall et al. (2009), suggests that a rough approximation
of the moderate-intensity physical activity recommendation using step counts is the performance

of 100 steps per minute for 30 minutes.

In CAD, two North American longitudinal cohort studies found that greater levels of self-
reported physical activity using different measures decreases all-cause or cardiovascular
mortality risk in a dose-response relationship after controlling for age, sex, body mass index,
smoking, illness severity, and other factors (Apullan et al., 2008; Janssen & Jolliffe, 2006). For
instance, Apullan et al. (2008) found a 23% greater increase in all-cause mortality risk at 14.7
years in CAD patients performing sedentary activities (e.g., activities while sitting) as compared
to those performing strenuous physical activity (e.g., competitive sports) in the past 6 months.
Janssen and Jolliffe (2006) found a 19% greater reduction in all-cause mortality risk at 9 years in
CAD patients categorized as performing the recommended level of moderate intensity physical
activity as compared to those performing no moderate physical activity in the past 2 weeks. Data
examining different levels of physical activity starting from below the recommendation also
shows reductions in mortality risk. Moore et al. (2012) pooled data from six longitudinal cohort
studies that included 654,827 adults of the general population. They found that up to 75 minutes
per week of self-reported physical activity equivalent to a moderate-intensity level (e.g., brisk
walking) was associated with a reduction in mortality risk as compared to no moderate-intensity
physical activity performed (Moore et al., 2012). Moreover, additional increases in moderate-
intensity physical activity were associated with greater reductions in mortality risk in a dose-
response relationship (Moore et al., 2012). These data suggest that an intervention goal of
increasing moderate-intensity physical activity from zero to half of the recommendation, and
greater, may be clinically meaningful in a CAD population as a first step to attaining the

recommended 150 minutes per week.

Physical activity is also associated with improved quality of life. Quality of life generally
refers to self-perceptions of well-being, life satisfaction, and function in several health domains
(Guérin, 2012). These health domains have been categorized in emotional, physical, and social
domains in measures of quality of life (Bize, Johnson, & Plotnikoff, 2007). In CAD, secondary

prevention programs are associated with improved quality of life (Conn, Hafdahl, & Brown,
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2009; Shepherd & While, 2012). Conn et al. (2009) conducted a meta-analysis of 66
experimental or quasi-experimental studies to examine the effect of supervised exercise, physical
activity counselling (without supervised exercise), or both (supervised exercise and physical
activity counseling) on measures of quality of life, well-being, and life satisfaction in chronic
disease patient populations in which cardiac diseases were among the most common (24 out of
71 comparisons). They found a significant effect of physical activity interventions on
improvement in overall quality of life compared either with control conditions (i.e., two-group
comparisons) or with pre-intervention quality of life scores (i.e., single group pre-post
comparisons) (Conn et al., 2009). The level of physical activity performed was not associated
with greater levels of quality of life suggesting that small increases in physical activity not
detected by its measures may have nevertheless influenced increases in quality of life (Conn et
al., 2009). Because Conn et al. reported quality of life only as a single outcome without
distinguishing between the domains of quality of life, it is unknown from this data, which

improvements in quality of life domains contributed to the overall increase.

Shepherd and While (2012) conducted a systematic review of 16 randomized controlled
trials (RCTs) to examine the effect of secondary prevention programs on emotional, physical,
and social quality of life domains. They found the greatest number of significant effects of
secondary prevention programs on the physical quality of life domain (reported as physical well-
being), fewer significant effects on the emotional quality of life domain (reported as
psychological well-being), and too few RCTs measuring the social quality of life domain to
arrive at conclusions on effect (Shepherd & While, 2012). Based on these RCTs, they
hypothesized that improvements in physical well-being were associated with greater levels of
physical activity and physical fitness that resulted from participation in secondary prevention
programs (Shepherd & While, 2012). Taken together, secondary prevention programs aimed at
increasing at least moderate-intensity physical activity can also improve quality of life

particularly in the physical domain.

Secondary prevention programs are also associated with health benefits such as reduced
CAD risk factors such as hypertension and dyslipidemia, and reduced cardiac-related
hospitalizations (Stone et al., 2009). These health benefits may be a consequence of increased
physical activity in these programs as most are exercise-based (Grace et al., 2014). In parallel,

the ‘gateway effect’ posits that confidence felt through success in one health behaviour change
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may lead to positive change in other health behaviours (Nigg, Allegrante, & Ory, 2002;
Prochaska et al., 2008). Applied to physical activity, confidence felt through success in
increasing physical activity may lead to positive changes in smoking cessation, improved diet,
cardiac medication adherence, or attendance to a secondary prevention program (given that
increased physical activity is achieved outside such a program). As such, improvements in these
health behaviours, including increased moderate-intensity physical activity, may be interrelated,
and may all contribute to the health benefits of reduced mortality risk, CAD risk factors and

hospitalizations, and improved quality of life.

The ‘gateway effect’ may also explain associations found between greater levels of
physical activity and lower smoking prevalence in North American cohort studies of CAD
patients (Apullan et al., 2008; Leung, Ceccato, Stewart, & Grace, 2007). Smoking is one major
risk factor in CAD disease progression making increased smoking cessation another important
outcome in secondary prevention programs (Stone et al., 2009). However, the evidence in RCTs
supporting the effect of physical activity on smoking cessation is less clear. A systematic review
of 15 RCTs found insufficient evidence to support the effect of physical activity interventions on
smoking cessation due to methodological limitations in most studies and possibly other factors
such as insufficient intervention intensity (Ussher, Taylor, & Faulkner, 2012). However, this
same review along with another (Roberts, Maddison, Simpson, Bullen, & Prapavessis, 2012)
found consistent evidence supporting the effect of performing moderate-intensity physical
activity on temporary reduction of tobacco withdrawal symptoms and cravings in recent ex-
smokers. These findings suggest that although limited evidence exists supporting the effect of
increased physical activity on smoking cessation, performing moderate-intensity physical

activity could nonetheless be an important coping strategy while quitting smoking.

Reducing depressive symptoms is another important outcome in secondary prevention,
and increasing physical activity has been one suggested way to achieve this health benefit (Stone
et al., 2009). The importance of depressive symptoms in CAD populations is supported by past
research that has found the presence of major depressive disorder in about 20% of ACS-related
hospitalized patients as compared to about 4% in the general population (Lichtman et al., 2014).
A Cochrane review of 39 RCTs found that exercise was efficacious in reducing depressive
symptoms as compared to no intervention in general and chronic disease populations (Cooney et

al., 2013). However, evidence was lacking from this review to determine the type, intensity,
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frequency, and duration of the physical activity that are efficacious on reducing depression
(Cooney et al., 2013). Cooney et al. (2013) also analyzed a subgroup of six RCTs that were more
methodologically solid, and they found smaller and non-significant effects. Among these six
RCTs, one was conducted in CAD patients (Blumenthal et al., 2012). Blumenthal et al. (2012)
found that performing 16 weeks of aerobic exercise three days per week significantly reduced
depression symptoms as compared to no intervention. However, the intensity of the exercise
performed was vigorous in a supervised setting, which may not be attainable in CAD patients
who are not participating in supervised exercise. Therefore, there is some solid evidence that
vigorous-intensity physical activity can reduce depressive symptoms in CAD patients, however,

evidence is lacking on the effect of moderate-intensity physical activity in this population.

Taken together, increased moderate-intensity physical activity in CAD patients is
associated with several health benefits such as reduced mortality, improved quality of life,
reduced CAD risk factors, reduced hospitalizations, as well as possible improvements on other
health behaviours through the ‘gateway effect.” However, moderate-intensity physical activity
may not be sufficient to reduce depressive symptoms in CAD patients. An examination of the
web-based intervention literature in CAD, found later in this chapter, will help determine which

outcomes are amenable to change by a web-based physical activity intervention.
Physical Activity Levels Performed Post-Hospitalization

The rate of performing at least the physical activity recommendation appears to increase
shortly post CAD-related hospitalization, but it decreases over time. Reid et al. (2006) conducted
a longitudinal cohort study of 782 adult participants (mean age of 61.6 years) post CAD-related
hospitalization from three hospital sites in Ontario, Canada. They found that nearly 75% of
participants self-reported past seven-day energy expenditure equivalent to at least 150 weekly
minutes of moderate-intensity physical activity at two months post CAD-related hospitalization,

which significantly declined to nearly 66% at six months, and 62% at 12 months.

Reid et al. (2006) however suggested that their results may be overestimated because of
an overrepresentation of educated patients, and of patients participating in a physical activity
program regularly before the hospitalization. Indeed, lower estimates of self-reported physical
activity have been found. In North American populations, a Canadian 2013-2014 survey

estimated 51% of adults, aged 45 to 64 years, self-reported performing at least the recommended
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physical activity level in the past three months of the survey (Statistics Canada, 2014). In CAD,
Janssen and Jolliffe (2006) found in their American population-based study of 1,045 non-
hospitalized CAD patients aged 65 or older that 37% self-reported performing at least the
physical activity recommendation in the past two weeks at baseline. Data outside North America
from a longitudinal study of 1,521 first time myocardial infarction patients recruited from eight
Israeli hospitals also found lower physical activity estimates (Gerber et al., 2011). These authors
reported between 40% to 44% of patients performing at least the physical activity
recommendation at four assessments over time from post hospitalization (three to six months,
one to two years, five years, and 10 to 13 years) (Gerber et al., 2011). Taken together, self-
reported physical activity of at least the recommended level may reach nearly 75% shortly after
hospitalization, but it declines to about 60% and 40% over time. It is reasonable to expect that
life-threatening ACS experiences along with in-hospital advice from health care professionals
could lead to at least short-term increases in moderate to vigorous intensity physical activity
among CAD patients. However, there is still a need to reach an important proportion of patients

who do not perform sufficient physical activity after an ACS event.
Factors Associated with Physical Activity Levels

Given the importance of performing physical activity after a cardiac event, CAD
literature has examined factors associated with physical activity levels, which we grouped among
patient socio-demographic characteristics, clinical characteristics, and barriers or facilitators to

participate in physical activity (intrapersonal, interpersonal, and environmental).

Drawn from longitudinal studies, socio-demographic characteristics found that were
significantly associated with physical activity levels were age, and sex of the participant. Older
age was associated with lower levels of physical activity than younger age (Apullan et al., 2008;
Reid et al., 2006), and being female was associated with lower levels of physical activity than

being male (Apullan et al., 2008; Leung et al., 2007; Reid et al., 2006).

Clinical characteristics associated with physical activity levels included diabetes (Apullan
et al., 2008; Reid et al., 2006), hypertension, family history of premature CAD (Apullan et al.,
2008), and smoking (Apullan et al., 2008; Leung et al., 2007), and lower percentages of left

ventricular ejection fraction (Apullan et al., 2008). The presence of these clinical characteristics
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was associated with lower levels of physical activity as compared to the absence of these clinical

characteristics.

Another clinical characteristic found to be associated with physical activity levels is the
presence of depressive symptoms. The importance of depressive symptoms in CAD patients has
been highlighted in a systematic review by the American Heart Association that found
significant and positive associations between the presence of depressive symptoms or major
depressive disorder and cardiovascular events (Lichtman et al., 2014). Several hypotheses
involving the dysregulation of biological systems and a lack of health behaviours (e.g.,
insufficient physical activity, smoking, and medication non-adherence) explaining this
association have been proposed in past literature (Lichtman et al., 2014). Elderon and Whooley
(2013) highlighted in their review, that the lack of health behaviours in depressed CAD patients
contributes largely to the observed association between depressive symptoms and cardiovascular
events. For instance, a past longitudinal study (n = 1,017) found that CAD patients with
depressive symptoms performed significantly less moderate to vigorous intensity physical
activity, had a greater proportion of smokers, and a lower proportion of those adherent to their
medication prescriptions as compared to CAD patients without depressive symptoms. These
results support the importance of encouraging health behaviour changes including physical
activity in this population. Overall, depressive symptoms in CAD patients are associated with
lower levels of physical activity. As well, improved physical activity along with other health
behaviour changes should be encouraged in the subgroup of depressed CAD patients to reduce

risk of cardiovascular events.

Fatigue is another clinical characteristic that may be associated with lower physical
activity levels. Although fatigue appears to be present and persistent post CAD-related
hospitalization, literature examining the association between fatigue and physical activity in
CAD patients is sparse. Alsén and Brink (2013) examined fatigue in 155 patients at four months
and two years post-myocardial infarction-related hospitalization using a questionnaire that
measured five dimensions of fatigue (general, physical, and mental, motivation, and activity) that
ranged between 5 (no fatigue) to 20 (very fatigued) per dimension. They found that although four
out of five dimensions of fatigue significantly decreased over time, at two years, nearly half
(48%) reported clinically important fatigue levels, among which 30% had fatigue without
depression, and 18% had fatigue with depression (Alsén & Brink, 2013). Moreover, the only
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aspect of fatigue that did not decline, but persisted over time was reduced motivation. Although
reduced motivation is a fatigue dimension that may decrease physical activity, Alsén and Brink

did not examine the association between fatigue and physical activity behaviour.

Crane, Abel, and McCoy (2015) examined the association between fatigue and physical
activity behaviour in a cross-sectional study of 72 patients aged 65 years or older who reported
fatigue and were six to eight months post-myocardial infarction. They found that greater
perceived severe fatigue, and fatigue-related interference with work, ability to socialise, sexual
activity and enjoyable daily activities was significantly associated with performing no moderate
to vigorous physical activity (Crane et al., 2015). Considering these two studies (Alsén & Brink,
2013; Crane et al., 2015), fatigue seems to be an important symptom in CAD patients, such that
clinically important fatigue-related signs and symptoms may be associated with lower levels of

physical activity.

In parallel, drawn mainly from qualitative and observational literature, intrapersonal
barriers included having no time for physical activity due to reasons such as competing demands
at work or home (Fleury, Lee, Matteson, & Belyea, 2004), and a lack of interest in physical
activity (Fleury et al., 2004; Rogerson, Murphy, Bird, & Morris, 2012). Another barrier was the
fear or concern that physical activity may cause harm to the heart or other body parts (Rogerson

et al., 2012).

In contrast, intrapersonal facilitators to participate in physical activity included reasons
such as lowering cholesterol levels (Kérner, Tingstrom, Abrandt-Dahlgren, & Bergdahl, 2005),
and life longevity (Rogerson et al., 2012). Other facilitators included experiencing the
psychological benefits of physical activity such as reduced stress (Rogerson et al., 2012) or
feeling psychologically better (Kérner et al., 2005).

An interpersonal barrier or facilitator respectively were the perceived lack of (Fleury et
al., 2004), or presence of social support as there is a sense of obligation towards significant
others and health care professionals, or the expressed need to watch the grandchildren grow up
(Rogerson et al., 2012). An environmental barrier was inclement weather (Fleury et al., 2004;

Rogerson et al., 2012).

Although socio-demographic and clinical characteristics may be difficult to change by an

intervention, they serve as potential variables that may influence the effect of interventions on
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physical activity outcomes. In contrast, barriers and facilitators to physical activity suggest
potential avenues of intervention to increase physical activity in CAD populations, although

examination of the intervention literature is required to determine which avenues to pursue.

In summary, although physical activity is associated with multiple health benefits, an
important proportion of CAD patients are insufficiently active. There are several factors in CAD
patients that are associated with lower levels of physical activity, or act as barriers or facilitators
to physical activity participation. These factors should be considered in the design and testing of
a nursing intervention aimed at increasing physical activity. The next section defines web-based
interventions and tailoring, which is followed by an overview of the evidence of the effect of
these interventions on physical activity outcomes in mainly non-cardiac populations, and then in

CAD populations.
Web-Based Interventions

Drawing from Ritterband and colleagues’ work, the CONSORT-EHEALTH Group
defined web-based interventions as: “tools or treatments, typically behaviorally based, that are
operationalized and transformed for delivery via the Internet or mobile platforms™ (Ritterband,
Andersson, Christensen, Carlbring, & Cuijpers, 2006, p. €23). Web-based interventions may
include modes of delivery such as written online text, videos, and applications such as online
chat or discussion forums found on websites. These interventions may also include email and

SMS that complement web-based modes of delivery.

Computer tailoring was an important innovation that has increased sophistication in web-
based interventions (Lustria, Cortese, Noar, & Glueckauf, 2009). The term ‘tailoring,” drawn
mainly from the past works of Kreuter, Rimer and colleagues (Kreuter et al., 2013; Kreuter &
Skinner, 2000; Kreuter, Strecher, & Glassman, 1999; Kreuter & Wray, 2003; Rimer &
Glassman, 1998), refers to ““...any combination of strategies and information intended to reach
one specific person, based on characteristics that are unique to that person, related to the
outcome of interest, and derived from an individual assessment” (Kreuter et al., 1999, p. 277) . In
contrast, non-tailored or generic health information does not involve individual assessments and
reaches the population at large or subgroups (Kreuter & Wray, 2003). Tailored health
information is expected to be more personally relevant than non-tailored information because the

former is customized to individuals’ behaviour, motivation, and choices (Kreuter et al., 2013).
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Tailoring involves a computerized process resulting in messages delivered to participants in print
or web-based formats (Kreuter et al., 2013). As web-based formats now dominate the literature
on tailored physical activity interventions, a systematic review found a greater number of RCTs
reporting significant effects in favor of tailored web-based physical activity interventions as
compared to non-tailored or no intervention controls (Broekhuizen, Kroeze, van Poppel,

Oenema, & Brug, 2012).

Canadians have access to web-based bilingual information on physical activity (e.g.,
Canadian Society for Exercise Physiology, and the Heart and Stroke Foundation). Tailored
interventions named “eHealth Tools are offered by the Heart and Stroke Foundation for the
primary or secondary prevention of CAD (Heart and Stroke Foundation, 2013a). “My Heart &
Stroke Risk Assessment” is one eHealth Tool consisting of tailored advice based on health risk
assessments provided in text format concerning smoking cessation, diet, physical activity, and
other health behaviour changes. Another, “Healthy Weight Action Plan,” focuses on weight
reduction or maintenance providing tailored action plans in text format that includes weekly goal
setting and self-monitoring for diet and physical activity. Although no RCTs were found
evaluating these eHealth Tools, a survey examined the characteristics of people using this open
access intervention. The authors found that under half of the adults that used eHealth Tools were
under 50 years of age, most reported having no heart disease and most were female (Zbib,
Hodgson, & Calderwood, 2011), rather than ACS patients who are usually over the age of 50 and
are mostly male. Also, as eHealth Tools have a multiple behaviour change focus, people can
disregard information on physical activity and instead focus on improving diet, quitting smoking
or another health behaviour change. Therefore, there is a lack of public web-based tailored
interventions of Canadian content aimed at increasing physical activity in the secondary

prevention of ACS.
Evidence from meta-analyses for web-based interventions

Evidence supporting the effect of web-based interventions on physical activity outcomes
is growing. We retained the two most recent meta-analyses on this topic (Davies et al., 2012;
Lustria et al., 2013). Davies et al. (2012) tested the effect of tailored or non-tailored interventions
compared to control groups that were not web-based, which measured physical activity

outcomes. Lustria et al. (2013) tested the effect of tailored interventions compared to non-
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tailored or no intervention, which measured health behaviour outcomes including physical
activity. Therefore, Davies et al. provided the main conclusions on the effect of web-based
interventions (tailored or non-tailored), and Lustria et al. provided the main conclusions on

tailored interventions.

Davies et al. (2012) retained 34 RCTs or quasi-experimental studies between 1990 and
2011 that recruited adult only populations. Samples were mainly female (65% of the participants
across all studies), and half of the studies recruited the general population (n = 17 studies). The
other half included those with non-cardiac chronic diseases (n = 10 studies), cardiac risk factors
(n = 6 studies), and CAD (n = 1 study). The physical activity outcomes were mostly self-reported
total or moderate to vigorous leisure time physical activity; however, the authors did not mention
the types of outcomes other than self-report and how different outcomes were treated in the
meta-analysis. Davies et al. reported that 71% of the studies were ‘good quality’ according to a
rating between ‘poor quality’ and ‘good quality’ based on criteria of study design, reporting
(sample, population characteristics, and outcomes), and reproducibility. The comparison groups
were not web-based consisting of mostly usual care (76%). Davies et al. (2012) found a small but
significant immediate post-intervention (short) effect in the subgroup of primary outcomes (n =
25,d=0.14, p< .001), and found a smaller but also significant effect at least six months (long)
post-interventions (n =11, d=0.11, p <.01).

Davies et al. (2012) also examined the effects of population characteristics, intervention
elements (intervention contacts, theoretical framework, behaviour change techniques, and modes
of delivery) on physical activity outcomes. Significant effects were found only for population
characteristics, and behaviour change techniques. Concerning population characteristics, Davies
et al. examined the effect of age (< 45 years versus > 44 years), sex of the participant (< 60%
versus > 59% female sample), health status (general population, chronic disease, and
overweight), and physical activity level (inclusion of only sedentary participants versus no such
eligibility criterion). The only population characteristic found that significantly increased the
effect on physical activity outcomes was the inclusion of only sedentary (or insufficiently active)
participants versus no such eligibility criterion (n =9, d = 0.37 versus n =25, d = 0.12

respectively, p <.013).
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Concerning behaviour change techniques, Davies et al. (2012) examined education
components, goal setting, and self-monitoring. They found a significant effect only for the
presence of education components versus the lack thereof (n =24, d = 0.20 versus n = 10, d =
0.08, respectively, p <.005) (Davies et al., 2012). Education components in Davies et al. was
broadly defined as “...structured educational material targeting physical activity
knowledge...that involved exchange of information” (p. 6 and 11). Although the terms
“structured” and “exchange of information” seemed to be important aspects of their definition,
this category appears too broad to gain an understanding of the efficacious aspects of education

components.

Otherwise, all other intervention elements did not significantly influence effects on
physical activity outcomes including the presence of theoretical frameworks (Social Cognitive
Theory or the Transtheoretical Model versus another framework or none), modes of delivery,

intervention duration, number of intervention contacts, or tailoring (Davies et al., 2012).

The lack of effect of tailoring on physical activity outcomes was replicated by Lustria et
al. (2013), whose meta-analysis compared tailored versus non-tailored web-based interventions
or no intervention controls on health behaviour changes including physical activity. Lustria et al.
retained 40 RCTs or quasi-experimental studies published between 1999 and 2009 focused on
increasing physical activity, improving diet, reducing alcohol misuse/abuse, increasing smoking
cessation, improving multiple health behaviour changes or other health behaviour changes. Most
studies targeted the general adult population (65%), fewer targeted children or students (20%)
and patients diagnosed with a chronic disease (15%), and none were cardiac. The samples were
predominately female (63% female in mixed sex samples, and 12% of studies were only female).
Lustria et al. found a small but significant immediate (short) post-intervention effect on all health
behaviour changes combined (n = 40, d=0.139, p <.001). This effect was maintained at the
furthest evaluated endpoint post-intervention (long) in a subgroup of studies (n =21, d =0.158, p
<.001). Although significant effects were found for increased smoking cessation (n =8, d =
0.152, p <.001) and improved diet (n =4, d = 0.223, p <.001), no effect was found for increased
physical activity (n = 12, d = 0.059, p > .05). Therefore, the positive effects of tailoring on
smoking cessation and diet are not found in physical activity outcomes, and no explanation
concerning the lack of effect on physical activity was proposed by the authors. Lustria et al.

nonetheless note that tailoring should not be considered a “magic bullet” (p. 1063) in the effect
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of web-based interventions. As such, the effect of web-based interventions on physical activity
outcomes may depend on complex interactions among the intervention elements such as whether
tailoring was used, the theoretical framework and variables that are used for targeting and
tailoring the intervention, the web-based or traditional modes of delivery, the intervention dose,
the population characteristics, or the research design. Therefore, further research is needed to test
innovative models that combine intervention elements to influence greater increases in physical

activity.

In addition, Lustria et al. compared effects of expert led (i.e., health care professional
involvement beyond addressing technical difficulties) versus self-guided interventions (i.e., no
health care professional involvement). Although both obtained significant effects on health
behaviour change outcomes, the comparison between expert-led and self-guided was not
significant (expert led n =8, d =0.159, p <.001, self-guided n =32, d=0.137, p <.001, and
comparison between expert led and self-guided p > .05). These results suggest that health care
professional involvement in web-based interventions may not always be required to produce

significant effects in health behaviour change outcomes.

Taken together, web-based interventions appear to yield small but significant short and
long-term effects on physical activity outcomes. Insufficiently active populations may benefit
most from these interventions, and interventions with structured educational components that
involve information exchange tend to yield better results. Although tailoring in web-based
interventions were efficacious on health behaviour changes such as improved smoking cessation
and diet, tailoring lacked effect on physical activity outcomes. As such, it appears that other
intervention elements in addition to tailoring may be important to influence increases in physical
activity outcomes. In addition, little is known from these meta-analyses concerning the effect of
web-based interventions in ACS patients. Hence, a review of RCTs of web-based interventions

tested in CAD populations was conducted.

Evidence from randomized controlled trials in coronary artery disease

patients

We retained seven RCTs for review that tested the effect of web-based interventions on

physical activity outcomes in CAD patients (Table 1).
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Table 1. Web-based interventions with physical activity outcomes in CAD patients

(Authors) / Design/n/ Experimental group (EG) / Control
Country Population  group (CG)

Outcomes

Tailored: Physical activity measured by activity monitor

(Reid etal., RCT EG: CardioFit tailored intervention

2012) n=223 aimed at increasing PA

Canada 84% male Theory: Self-efficacy and social
ACS support

CG: Usual care and print booklet
Duration: 20 weeks for tutorials,
and 50 weeks for PA plans

Primary: Steps per day
Other PA: Self-reported
MVPA min/week

PA Assessments: 6 and 12
months

(Devietal., RCT EG: “ActivateYourHeart” tailored
2014) n=94 web-based cardiac rehabilitation
England 74% male program aimed at cardiac risk factor

stable angina reduction
Theory: None specified
CG: Usual care
Duration: 6 weeks

Primary: Steps per day

Other PA: Energy expenditure
measured by accelerometer

PA Assessments: Baseline, 6
weeks, and 6 months after
intervention completion

Non-tailored: Physical activity measured by treadmill

(Learetal., RCT EG: Internet-based cardiac

2014) n="178 rehabilitation program (VCRP)

Canada 85% male aimed at cardiac risk factor
ACS reduction

Theory: None specified
CG: Usual care and list of public

Primary: Maximal time on
treadmill

Other PA: Self-reported
MVPA kcal per week

PA Assessments: Baseline, 4,
and 16 months

websites

Duration: 4 months
(Maddison RCT EG: HEART mobile and web- Primary: Peak oxygen uptake
etal., 2015) n=171 based intervention aimed at Other PA: Self-reported
New 81% male increasing PA? MVPA, walking, and total

Zealand CAD patients Theory: Self-efficacy
CG: Usual care
Duration: 24 weeks

physical activity
PA Assessments: Baseline,
and 24 weeks

Tailored: Physical activity measured by self-report

(Antypas & Cluster RCT EG: Tailored mobile and web-
Wangberg, n=69 based intervention aimed at
2014) patients increasing PA
Norway 78% male Theory: Multiple frameworks
CVD (mostly CG: Non-tailored intervention
myocardial ~ website
infarction)  Duration: 3 months

Primary: Self-reported MVPA
MET-min/week

PA Assessments: Baseline
during CR, at CR discharge,
then 1 and 3 months post-CR
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(Authors) / Design/n/ Experimental group (EG) / Control

Country Population  group (CG) Outcomes
Non-tailored: Physical activity measured by self-report
(Southard et RCT EG: Internet-based management Primary: Low-density
al., 2003) n=104 system aimed at cardiac risk factor lipoprotein
USA 75% male reduction PA outcome: Self-reported
CAD (9.6% Theory: None specified aerobic exercise minutes per
CHF) CG: Usual care week
Duration: 6 months PA Assessments: Baseline,
and 6 months
(Lindsay, = RCT EG: Hearts of Salford web-based  Primary: None planned
Bellaby, n=108 portal with weekly drop in sessions PA outcome: Self-reported
Smith, & 67% male aimed at cardiac risk factor MVPA days per week
Baker, CAD patients reduction PA Assessments: Baseline,
2008) Theory: None specified and 6 months
UK CG: Usual care access to websites

with weekly drop in sessions
Duration: 6 months

Note. Citations were classified in ascending chronological order within their group of tailored versus non-tailored
and by the instrument used to measure physical activity. ACS = acute coronary syndrome(s); CAD = coronary artery
disease; CG = control group; CHF = chronic heart failure; CR = cardiac rehabilitation program; CVD =
cardiovascular disease; kcal = kilocalorie; EG = experimental group; MET = Metabolic Equivalent of Task; MVPA
= moderate to vigorous physical activity; n = sample size that was randomized; p = probability value; PA = physical
activity; RCT = randomized controlled trial.

aFor the purpose of this review, we classified the HEART intervention as non-tailored. Although the HEART
intervention comprised of personalised automated SMS messages that were also visible on the study website, the
development, pilot trial and full trial reports were unclear whether a computerized tailoring processes used, as per
our definition on p. 14. As no response from the authors concerning this question was received and given the
ambiguity in description of personalization, we classified this intervention as non-tailored.

We scanned 145 studies from five systematic reviews that retained RCTs and other study
designs testing web-based interventions on health outcomes (health behaviour changes including
physical activity, quality of life, cardiac risk factors, and others) in cardiac patients (CAD, post-
cardiac surgery, heart failure, and others) (Clark et al., 2015; Fredericks, Martorella, & Catallo,
2015; Munro, Angus, & Leslie, 2013; Neubeck et al., 2009; Pietrzak, Cotea, & Pullman, 2014).
As no reviews presented RCTs after 2013, we conducted our own search to include RCTs (n =
130) published between 2013 and February 2015 using MEDLINE, PsycINFO, and CINAHL
databases to present current findings. Our search strategy was drawn from a Cochrane systematic
review protocol on Internet-based interventions for secondary prevention interventions (Devi,

Igbinedion, Powell, Singh, & Rees, 2011), and complemented with search terms found form

another review (Munro et al., 2013).
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A total of 275 studies were scanned (including duplicates) for eligibility in addition to the
reference lists of key studies. RCTs were included if they recruited CAD populations, rather than
only ACS patients, so that relevant populations (e.g., stable angina), were considered. Included
RCTs also reported a physical activity outcome of behaviour (e.g., walking, steps per day) or
fitness (e.g., exercise capacity), and tested an intervention with a web-based component that
provided educational or motivational information on physical activity, regardless of comprising

“mobile-based” or “mobile phone” components.

RCTs were excluded if they recruited mainly post-cardiac surgery or heart failure patients
because physical activity goals in these cardiac populations may differ from ACS populations
without these characteristics. Also excluded were interventions with a web-based component that
served only as a platform presenting patients’ data on physical activity or other clinical
assessments, without educational or motivational information. One eligible RCT was excluded
(Zutz, Ignaszewski, Bates, & Lear, 2007), because it was a pilot trial of an intervention that was
later tested in a full trial (Lear et al., 2014), retained in this review. Another eligible RCT was
excluded (Lindsay et al., 2009), because it only reported three to nine-month change in outcomes
post-randomization without considering changes from baseline, which are reported (i.e., baseline
to six-months) in the first publication of the same RCT (Lindsay et al., 2008), retained in this

review. We summarized the findings of this RCT under the note of Table 1.
The following questions asked in our review were:
e What are the effects of web-based interventions on physical activity outcomes in CAD
patients?;

e What are the effects of web-based interventions on other outcomes in CAD patients?;
and

e What are the gaps in the CAD web-based intervention literature?

What are the effects of web-based interventions on physical activity outcomes in CAD

patients?

Four out of the seven RCTs provided the strongest evidence on the effect of web-based
interventions on physical activity outcomes in CAD patients because sample sizes were

sufficient to detect planned differences post-randomization on primary outcomes of objectively

22



measured physical activity behaviour or fitness (Devi et al., 2014; Lear et al., 2014; Maddison et
al., 2015; Reid et al., 2012). Objective measures of physical activity provide stronger evidence
because they potentially enhance accuracy and precision of the point estimate as they are
subjected to less bias, such as recall or social desirability, that may occur with self-reported
physical activity (Houle, 2012). A description of these four RCTs are followed by a synthesis of

their findings, which is focused in the section presenting the gaps in the literature.

The first two RCTs tested tailored interventions that objectively measured physical
activity behaviour through steps per day determined by activity monitors (i.e., physical activity
behaviour), and both found significantly positive results on their primary outcomes (Devi et al.,
2014; Reid et al., 2012). Reid et al. (2012) found significantly greater pedometer measured steps
per day favoring the CardioFit experimental group (EG) who received a 50-week tailored
intervention compared to a usual care control group (CG). At six months (end of tutorials), the
EG versus CG performed 7,079 versus 6,186 steps per day respectively, and at 12 months (end
of tailored physical activity plans) the EG versus CG performed 7,392 versus 6,750 steps per day
respectively (n =223, p = .023). Reid et al. reported in the discussion a mean difference of 764
more steps per day in the EG across both follow-ups. However, non-significant effects in time (p
=.314) and group by time interaction (p = .656) were found, indicating that no change in steps
per day over time occurred, which in turn did not depend on group membership. The absence of
baseline steps per day, makes it impossible to know how the primary outcome changed from
baseline to follow-up. Nonetheless, self-reported physical activity at baseline were balanced
between comparison groups (15.0 versus 14.4 MET in the EG and CG respectively), and both
values correspond to being below the physical activity recommendation according to the measure
(Godin, 2011). At the six and 12 month follow-up endpoints, Reid et al. found significantly
greater levels of self-reported moderate to vigorous physical activity (MVPA) favoring the EG as
compared to the CG (rn =223, p = .047), and all values were at least above the recommendation.
The effect of time (p =.317) and group by time interaction (p = .782) were also not significant
following a similar pattern as the primary outcome. Considering the self-reported data, the
sample was insufficiently active at baseline, and met recommended physical activity levels at
both follow-up endpoints. Both self-reported and step count data corroborate that the EG

performed significantly more physical activity than the CG post-randomization.
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Devi et al. (2014) found significantly greater change over time in accelerometer measured
steps per day at six weeks favoring the “ActivateYourHeart” EG who received a six-week
tailored web-based cardiac rehabilitation program as compared to a usual care CG. Between
baseline and six weeks, the increase of 497 steps per day in the EG, and the decrease of 861 steps
per day in the CG resulted in a significant difference between groups in change of 1,357 more
steps per day in the EG (n =75, p = .02) (Devi et al., 2014). In addition, Devi et al. found in
secondary physical activity outcomes, significantly improved results over time at six weeks in
accelerometer measured daily total energy expenditure, sedentary activity, and moderate physical
activity favoring the EG (all n =75, all p =.01), which followed a similar pattern as the primary
outcome. The secondary outcomes of change over time at six months post-intervention resulted
in improved but non-significant differences in favor of the EG in all accelerometer measured
physical activity outcomes including steps per day (n not reported, p > .05) (Devi et al., 2014).
The measure most representative of the physical activity recommendation was the duration of
daily moderate physical activity, which found both comparison groups attaining at least the
recommendation at baseline (43.5 daily minutes in the EG versus 55.5 daily minutes in the CG).
These data indicate that sufficiently active CAD patients obtained a significantly greater increase
in physical activity at six weeks in the EG relative to the CG that decreased physical activity
over time, but these gains were not significantly maintained at six months post-intervention

completion.

The next two RCTs tested non-tailored interventions that measured physical fitness
through exercise capacity determined by treadmill testing (Lear et al., 2014; Maddison et al.,
2015). These RCTs comparatively found inconsistent results on their primary outcomes. Lear et
al. (2014) found significantly greater change in maximal time on treadmill (a proxy measure of
exercise capacity) favouring the four-month Virtual Cardiac Rehabilitation Program EG as
compared to a usual care CG that received a list of public websites. Between baseline and each
follow-up (four and 16 months), the EG performed 45.7 more seconds on treadmill as compared
to the CG (n =71, p =.045) (Lear et al., 2014). Despite this significant improvement, Lear et al.
found a non-significant minimal difference in self-reported MVPA in favour of the EG across the
four and 16-month follow-ups (n =71, p =.191). For instance, from baseline to 16 months,
whereas the EG minimally increased from 1,265 to 1,347 kilocalories per week, the CG

minimally decreased from 1,271 to 1,190 kilocalories per week. All baseline and follow-up

24



values at least met the physical activity recommendation expressed in kilocalories per week.
These data indicate that sufficiently active ACS patients significantly increased their exercise
capacity in favour of the EG, which possibly resulted from a non-significant improvement in

self-reported MVPA.

Maddison et al. (2015) found no significant differences in treadmill measured peak
oxygen uptake (a direct measure of exercise capacity) comparing the 24-week HEART mobile
phone and web-based intervention EG to a usual care CG that had access to onsite cardiac
rehabilitation. At 24 weeks, 27.8 versus 27.9 ml/(kg x minute) of peak oxygen uptake was found
in the EG versus the CG respectively, resulting in nearly no difference between groups that was
not significant (n = 171, p = .65). Nonetheless, Maddison et al. found significantly greater
increases in secondary outcomes of self-reported leisure time MVPA and walking at 24 weeks
favouring the EG (all n = 144, all p < .05), but found a non-significant greater difference in total
self-reported physical activity favouring the EG (n = 144, p = .22). Baseline values of weekly
minutes of MVPA attained at least physical activity recommendations (320.3 in the EG versus
275.5 in the CG). These data indicate that sufficiently active CAD patients significantly
increased their MVPA and walking in favour of the EG, in which the intensity was possibly
insufficient to influence change in a direct measure of exercise capacity (i.e., peak oxygen

uptake) (Maddison et al., 2015).

Data from these four strong RCTs support that web-based interventions can improve both
objective and subjective measures of physical activity in CAD patients. For objective measures,
results are more consistent in a measure of physical activity behaviour (i.e., steps per day by
activity tracker), and inconsistent in measures of physical fitness (i.e., exercise capacity by
treadmill). Specifically, steps per day and maximal time on treadmill may be more amenable to
improved changes by an intervention as compared to a direct measure of exercise capacity such

as peak oxygen uptake.

For subjective measures, some improvements were found among the three strong RCTs
measuring self-reported MVPA (Lear et al., 2014; Maddison et al., 2015; Reid et al., 2012).
Using the modified Godin Leisure-Time Exercise Questionnaire (GLTEQ), Reid et al. (2012)
found a significant effect in weekly minutes of MVPA. The modified GLTEQ asks the weekly

frequency of MVPA performed (e.g., fast walking for moderate and running for vigorous) for at

25



least 15 minutes in the last three months, and total time spent on average in MVPA. Using the
International Physical Activity Questionnaire (IPAQ long form), Maddison et al. (2015) found
significantly greater levels of leisure-time MVPA, which were domain specific to, for instance,
recreation, sport or exercise. The IPAQ long form asks frequency and time spent in domains of
activities in the last seven days. Using the Minnesota Leisure-Time Physical Activity (LTPA)
Questionnaire, Lear et al. (2014) found a non-significant minimal difference in kilocalories per
week of leisure-time MVPA. The Minnesota LTPA asks frequency and time spent in domains
such as conditioning exercise, water activities, and winter activities in the last four weeks.
Although one marked difference across these three questionnaires is the length of recall, this
cannot explain the mixed results as significant effects were found in the shortest (seven days in
the IPAQ) and the longest (three months in the modified GLTEQ) recall lengths. However,
sample size may provide an explanation as only the smallest sample RCT was non-significant, in

which the differences in physical activity were minimal (Lear et al., 2014).

The remaining three RCTs (Antypas & Wangberg, 2014; Lindsay et al., 2008; Southard
et al., 2003) provided weaker evidence in part because of the lack of planning an objective
physical activity primary outcome, and instead planned subjective primary or secondary
outcomes. Among these three interventions one was tailored (Antypas & Wangberg, 2014), and

two were non-tailored (Lindsay et al., 2008; Southard et al., 2003).

The tailored intervention, using a self-reported measure of total energy expenditure as the
primary outcome, found a significant effect post-intervention in favour of the EG (Antypas &
Wangberg, 2014). The authors compared a tailored mobile phone and web-based intervention
EG to a non-tailored website CG. After randomization (n =29 in the EG versus n = 40 in the
CQ), baseline measures were collected during a four-week cardiac rehabilitation program, and
total energy expenditure was balanced between groups, despite unequal group sizes: 4,266 (EG n
= 29) versus 3,810 (CG n = 38) MET-minutes per week. However, upon receiving the tailored
intervention at cardiac rehabilitation discharge, the CG had a greater number of participants lost
to follow-up: 15 versus 21 participants in the EG and the CG respectively (see flow diagram of
the study, and note the error of n = 39 in the CG). The CG observed significantly greater total
energy expenditure: 875 (EG n = 14) versus 4,590 (CG n = 19) MET-minutes per week, p = .02.
At three months after discharge, the difference in numbers of loss to follow-up was minimal

between comparison groups, and the EG observed significantly greater energy expenditure:
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5,613 (EG n="7) versus 1,356 (CG n =11) MET-minutes per week, p = .02. The authors note
that the presence of attrition bias risk and small numbers of participants remaining for analyses

indicates an inconclusive finding on the primary outcome (Antypas & Wangberg, 2014).

The next two RCTs tested non-tailored interventions that measured self-reported physical
activity by two different questionnaires as secondary outcomes, and found either a positive but
non-significant result or no significant effect. Southard et al. (2003) reported a non-significant
improvement over time in self-reported minutes per week of aerobic exercise in favour of the
six-month Internet-based management system EG: 150 to 208 (EG, n = 49) versus 142 to 165
(CG, n=151) from baseline to six-months, p > .05). The authors proposed that non-significance
may have been from a lack of understanding the word “aerobic” in the questionnaire, resulting in
a large variance of the point estimate (variance not reported in table of outcomes) (Southard et

al., 2003).

Lindsay et al. (2008) found no significant effect between groups in self-reported physical
activity (no primary outcome determined) comparing the effect of a six-month Hearts of Salford
web-based portal EG versus a usual care CG that had no access to the portal. Specifically,
change in days per week of self-reported moderate-intensity exercise from baseline to six-months
was less than one day in each comparison group resulting in a non-significant difference (n = 98,
p =.371). Lindsay et al. proposed that the lack of effect was from a greater preoccupation with
learning how to use the portal than on adopting health behaviour changes. Moreover, their
qualitative data revealed that the online discussions focused more on improving diet instead of
other health behaviour changes such as increasing physical activity. Therefore, logistical issues
concerning portal usage along with a lack of online discussion about physical activity may have
resulted in insufficient intervention usage to influence significant change in this behaviour.
Considering these three RCTs, the presence of attrition bias (Antypas & Wangberg, 2014), lack
measurement precision (Southard et al., 2003), and lack of sufficient intervention intensity
(Lindsay et al., 2008) prevent drawing firm conclusions on the interventions’ effects on physical

activity outcomes.

In summary, the data support that tailored interventions can improve objectively
measured steps per day and self-reported physical activity, however strong evidence was found

only among two RCTs (Devi et al., 2014; Reid et al., 2012). In non-tailored interventions
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evidence is inconsistent on objectively measured exercise capacity and self-reported physical

activity, and strong evidence was found only among two RCTs (Lear et al., 2014; Maddison et
al., 2015). The paucity of strong evidence on objectively measured physical activity outcomes
highlights the need for future well designed RCTs testing web-based interventions in the CAD

population.
What are the effects of web-based interventions on other outcomes in CAD patients?

All seven RCTs measured other outcomes, which we classified among five categories:
quality of life and depression, other health behaviour changes, clinical outcomes, and emergency

department visits and hospitalizations, and theoretical variables.

Quality of life and depression

Four out of seven RCTs measured quality of life outcomes (Devi et al., 2014; Maddison
et al., 2015; Reid et al., 2012), and one did not report the follow-up measures (Southard et al.,
2003). At least one quality of life domain was improved in favour of the EGs among these three
RCTs concerning differences between groups or difference in change between groups at any
follow-up. Significant effects were found in emotional (Devi et al., 2014; Reid et al., 2012),
physical (Reid et al., 2012), social (Devi et al., 2014), and general health quality of life
(Maddison et al., 2015). Although these results indicate that significant improvements are found
in some quality of life domains immediately post-intervention as early as six weeks, there is no
clear trend in which domain the improvements occur. One explanation is the use of two different
measures which could yield different results across domains, such that the SF36 questionnaire
was used in one RCT (Maddison et al., 2015) and the MacNew questionnaire was used in the
other two RCTs (Devi et al., 2014; Reid et al., 2012). However, considering the MacNew
questionnaire, whereas emotional quality of life was significant in both RCTs, the physical and
social domains were significant in one or the other RCT. One explanation is related to the target
population as Reid et al. recruited ACS patients, and Devi et al. recruited stable angina patients.
Therefore, improvement in a quality of life domain (emotional, physical, or social) by a web-
based intervention may depend on whether the sample recruited is recovering from an ACS event

or living with stable CAD.
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Three out of seven RCTs measured depression, but none found significant effects
between groups (Antypas & Wangberg, 2014; Devi et al., 2014; Southard et al., 2003) despite
significantly improved physical activity outcomes in favour of the EGs in two of these RCTs
(Antypas & Wangberg, 2014; Devi et al., 2014). Devi et al. (2014) and Antypas and Wangberg
(2014) both measured depression with a subscale from the Hospital Anxiety and Depression
Scale. Therefore, the significant increases in physical activity attained in these RCTs were

possibly insufficient to influence significant decreases in depression symptoms.

Other health behaviour changes

Other health behaviour changes measured in five out of seven RCTs included medication
use (Reid et al., 2012), smoking status (Lear et al., 2014; Lindsay et al., 2008; Reid et al., 2012;
Southard et al., 2003), and diet (Devi et al., 2014; Lear et al., 2014; Lindsay et al., 2008;
Southard et al., 2003). Although the intervention goal in Reid et al. (2012) focused only in
change in physical activity, the other RCTs also focused on other health behaviour changes,
which aimed at reducing cardiac risk factors (Devi et al., 2014; Lear et al., 2014; Lindsay et al.,
2008; Southard et al., 2003).

Overall, evidence supporting the effect of a web-based intervention on health behaviour
changes other than physical activity is sparse and weak. For instance, only Reid et al. (2012)
presented data on medication use. Overall, among four cardiac medications, use decreased over
time in both the EG and CG, except the use of one cardiac medication that increased over time in
the EG (Reid et al., 2012). As medication use was presented without using a measure of

adherence with statistical testing, these results are difficult to interpret.

For smoking status, the results are also inconclusive. Among the three RCTs that planned
statistical analyses on change in smoking status, no differences between comparison groups were
found (Lear et al., 2014; Lindsay et al., 2008; Southard et al., 2003). However, little can be
concluded from the result in Lindsay et al. (2008) because of a lack of intervention intensity to
influence significant improvements in health behaviours other than diet. Also, no or minimal
change in numbers of participants smoking over time was shown or reported without statistical
tests (Lear et al., 2014; Southard et al., 2003). Therefore, no firm conclusions on medication

adherence or smoking status can be drawn due to the paucity of solid evidence.
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All four RCTs that measured outcomes on diet included an intervention focus on
improving diet, and provided statistical testing to compare results (Devi et al., 2014; Lear et al.,
2014; Lindsay et al., 2008; Southard et al., 2003). Although two RCTs found no significant
effects (Devi et al., 2014; Southard et al., 2003), two RCTs found significantly greater
improvements in favour of the EGs as compared to the CGs in some outcomes (Lear et al., 2014;
Lindsay et al., 2008). Specifically, Lindsay et al. (2008) found a significantly greater decrease
over time in frequency of eating ‘bad’ foods in favour of the EG as compared to the CG (p =
.014), and Lear et al. (2014) found a significantly greater increase in percent change of daily
kilocalories of dietary protein, and a significantly greater decrease in percent change in daily
kilocalories of saturated fat in favour of the EG as compared to the CG (all p <.05). Although
the data is sparse, there is evidence supporting the possibility of improving some diet outcomes

by a web-based intervention that includes a focus on improving diet.

Clinical outcomes

Three out of seven RCTs measured clinical outcomes (Devi et al., 2014; Lear et al., 2014;
Southard et al., 2003). All three RCTs assessed anthropometric measurements (e.g., weight,
waist circumference, and others) and blood pressure (Devi et al., 2014; Lear et al., 2014;
Southard et al., 2003), two measured angina symptoms (Devi et al., 2014; Southard et al., 2003),
and another two measured lipid profile (Lear et al., 2014; Southard et al., 2003). Significant
improvements in favour of the EGs compared to the CGs were a reduction in weight (p <.05) in
two of the three RCTs (Devi et al., 2014; Southard et al., 2003), a reduction in angina symptom
frequency (p = .002) in one of the two RCTs (Devi et al., 2014), and a reduction in total
cholesterol and low-density lipoprotein (p <.05) in one of the two RCTs (Lear et al., 2014).
However, a significantly greater decrease in systolic blood pressure over time at six weeks in
favour of the CG compared to the EG (i.e., both groups decreased) was found in Devi et al.
(2014) (p = .001 in text and .003 in table), but the difference between groups over time was less
pronounced at six months post-intervention completion, and was not statistically significant (p =
.53). Otherwise, in Lear et al. (2014), an improvement in systolic blood pressure approached
significance (p = .051). Although the evidence is sparse and inconsistent on clinical outcomes,

improvements were nonetheless found in weight, angina symptoms, and lipid profile.
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Emergency department visits and hospitalizations

Three RCTs measured major cardiovascular events leading to emergency department
visits and hospitalizations by comparison group (Lear et al., 2014; Reid et al., 2012; Southard et
al., 2003). Among the two RCTs that provided statistical testing, Southard et al., 2013 found two
EG patients (4.1%) who experienced a major cardiovascular-related event that resulted in a
hospitalization or emergency department visit as compared to eight CG patients (15.7%), and
this difference approached statistical significance (p =.053). Lear et al. (2014) found fewer EG
versus CQ patients (six [18%] versus 11 [30%] respectively) reporting both emergency
department visits or major events resulting in hospitalization (e.g., revascularization, unstable
angina, stroke, and death), although differences between comparison groups was not significant
(p = .275). Although these two RCTs lacked power to detect differences, the direction of effect is
toward less emergency department visits and hospitalizations in favour of the web-based

intervention EGs.

Theoretical variables

Inspired by relevant literature (Sidani & Braden, 2011), theoretical variables are defined
in this thesis as variables that are drawn from a theoretical framework, explain the phenomenon
of behaviour change (i.e., increased physical activity), are potentially amenable to change by an
intervention, and are measurable. The term ‘construct’ represents an abstraction, referring to a
group of measurable variables, which share related characteristics of a single concept, although

‘constructs’ and ‘variables’ may be used, sometimes, interchangeably.

Four RCTs measured the effect of the web-based interventions on theoretical constructs
or variables (Antypas & Wangberg, 2014; Devi et al., 2014; Lindsay et al., 2008; Maddison et
al., 2015). Two of these RCTs found significant effects on at least one theoretical variable
measured (Devi et al., 2014; Maddison et al., 2015). Devi et al. (2014) targeted patients’
confidence in increasing physical activity (i.e., self-efficacy) with the use of behaviour change
techniques such as goal setting, self-monitoring, and feedback. They found a significantly greater
increase in general self-efficacy over time at six weeks in favour of the EG as compared to the
CG (p = .03), but the difference was not significant at six months post-intervention. Maddison et
al. (2015) also targeted self-efficacy with the use of behaviour change techniques such as

overcoming barriers to be physically active, scheduling daily exercise, and goal setting. They
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found a significantly greater level of task self-efficacy (also known as exercise self-efficacy) at
24 weeks in favour of the EG as compared to the CG (p = .04). In a previous report of the same
RCT, Maddison and colleagues found evidence supporting a significant partial mediating role of
exercise self-efficacy on self-reported leisure-time MVPA indicating that the increase in exercise
self-efficacy partly explained the intervention’s significantly positive effect on MVPA
(Maddison et al., 2014). Although walking was also significant in this RCT, no mediating role
for self-efficacy was found for this outcome (Maddison et al., 2014).

Other theoretical variables measured by Maddison et al. (2015) were barrier self-efficacy
and locus of causality, and these were not significant (p > .05). In their protocol, Maddison and
colleagues defined barrier self-efficacy (social cognitive theory) as the degree of confidence to
overcome barriers (e.g. inclement weather, pain, and others) to exercise, and locus of causality
(self-determination theory) as the degree one feels that exercise performance is by personal
choice (Maddison et al., 2011). For barrier self-efficacy, Maddison et al. explained: “...we did
not pre-determine whether these barriers were salient for our participants, which may have
contributed to these (non-significant) results” (p. 708), although their measure was drawn from
their past work that found a significant and positive association between barrier self-efficacy and
attendance at an exercise program in ischemic heart disease patients (Maddison & Prapavessis,
2004). Maddison and colleagues did not present explanations for the lack of effect on locus of
causality, but the description of their intervention appeared focused on targeting change in self-
efficacy variables with no mention of targeting change in locus of causality. As such, the lack of

effect on locus of causality may be due to the lack of targeting change in this theoretical variable.

The two other RCTs found no significant effects on the measured theoretical variables
(Antypas & Wangberg, 2014; Lindsay et al., 2008). Specifically, Lindsay et al. (2008) measured
confidence in managing health, and health locus of control, and Antypas and Wangberg (2014)
measured stage of change (i.e., readiness adopt a specified health behaviour), and self-efficacy.
In Lindsay et al., it is possible that a lack of intervention intensity resulted in a lack of change in
the theoretical variables. In Antypas and Wangberg, methodological limitations prevent drawing

conclusions on the effect of their intervention on measured theoretical variables.

Taken together, the strongest evidence supporting the effect of web-based interventions

on theoretical variables comes from Maddison et al. (2015) and Devi et al. (2014). Although
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significant effects on self-efficacy was found in these two RCTs, no significant effects were
found in the other theoretical variables measured (e.g., barrier self-efficacy, and locus of
causality). Congruent with Maddison and colleagues, future research should explore other

theoretical constructs or variables that may further explain web-based interventions effects.
What are the gaps in the CAD web-based intervention literature?

We found only three out of seven RCTs that tested computer-tailored interventions
(Antypas & Wangberg, 2014; Devi et al., 2014; Reid et al., 2012), and another provided
“personalized” SMS messages visible also by web (Maddison et al., 2015), but no clear evidence
of computer-tailoring was presented. A wide range of tailoring is implemented in web-based
interventions, which according to Lustria et al. (2009), may be classified along a continuum of
sophistication. Whereas less sophisticated tailored interventions generally consist of assessment
and feedback on health risk factors, more sophisticated ones (or customized health programs)
consist of behaviour change techniques that may help patients attain their health behaviour
change goals (Lustria et al., 2009). These three tailored interventions (Antypas & Wangberg,
2014; Devi et al., 2014; Reid et al., 2012), leaned towards greater sophistication (i.e., customized
health program) because they provided advice, feedback, and behaviour change techniques
aimed at increasing physical activity, rather than only providing simple feedback on assessment
results. Given the paucity of evidence, it may be worthwhile to conduct further RCTs testing

tailored interventions in CAD patients.

Only Reid et al. (2012) showed that participants were insufficiently active at baseline
according to self-report (Reid et al., 2012). Reid et al. (2012) possibly attained such a sample by
only including participants that reported no plan to attend a secondary prevention program,
although, no specific criterion to exclude sufficiently active participants was implemented. Reid
et al. however did not measure steps per day at baseline, making it impossible to know how the
primary outcome changed from randomization to follow-up. As greater effects on physical
activity outcomes in insufficiently active adult populations were found in a recent meta-analysis
(Davies et al., 2012), it may be of value to further examine the effect of a web-based intervention
on increasing steps per day from randomization to follow-up in an ACS population that is
insufficiently active at recruitment regardless whether attendance to a secondary prevention

program is planned.
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Most interventions lasted at least three months or longer. Specifically, two interventions
lasted three or four months (Antypas & Wangberg, 2014; Lear et al., 2014), three lasted six
months (Lindsay et al., 2008; Maddison et al., 2015; Southard et al., 2003), and one lasted for
nearly one year (Reid et al., 2012). Devi et al. (2014) tested the shortest duration intervention and
found a positive effect on steps per day at the end of the six-week intervention, but the difference
in favour of the EG was not significant at six months post-intervention completion. Devi et al.
argued that in regular practice, such a web-based intervention would remain available after the
designated intervention duration. As such, they hypothesized that continued access to their
intervention beyond its completion at six-weeks could have influenced significant improvements
in physical activity also at six months (Devi et al., 2014). Therefore, little is known concerning
the lasting effect of shorter duration web-based interventions that have continued access post-

intervention in ACS patients.

No RCTs examined if the intervention’s effects on physical activity would depend on the
sex of the patient. Indeed, females consistently demonstrated lower levels of physical activity
outcomes in longitudinal cohort studies (Apullan et al., 2008; Leung et al., 2007; Reid et al.,
2006). In contrast, web-based interventions in the general population have been primarily tested
in female populations, and have found positive and significant effects on physical activity
outcomes (Davies et al., 2012). Therefore, it may be of value to compare physical activity

outcomes after participating in a web-based intervention in male and female CAD patients.

In summary, web-based interventions in CAD patients may increase objective measures
of physical activity behaviour (i.e., steps per day), fitness (i.e., maximal time on treadmill), as
well as subjective measures of behaviour (i.e., walking and MVPA). In addition, improvements
were found in emotional, physical, and social quality of life domains, although the results were
inconsistent. In contrast, although the presence depressive symptoms may influence lower levels
of physical activity, no effect on improvement in symptoms has been found in the web-based
interventions reviewed. Evidence was sparse and weak in the retained RCTs in support of the
‘gateway effect’ (i.e., change in one health behaviour leads to change in others), therefore, no
conclusions could be drawn particularly concerning potential improvements in medication
adherence, and smoking status. Although some improvements in diet outcomes were found in
interventions that had a focus on diet, it is unknown if a ‘gateway effect’ effect from a web-based

physical activity intervention can improve diet. Also, improvements in some clinical outcomes
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were found such as decreased angina, along with a consistent tendency toward fewer emergency
department visits and hospitalizations favouring the EGs. On a theoretical level, preliminary
evidence supports that increased self-efficacy may in part explain increased physical activity,
indicating that efforts in influencing change in this construct is worthwhile. However, as
evidence is sparse, other theoretical constructs could be explored that may further explain the
effects of these interventions. A paucity of RCTs tested tailored interventions, interventions in
CAD patients that report insufficient activity prior hospitalization, short-duration interventions,
and no RCTs tested the differential effect of web-based interventions in males and females.
Further review of the literature is warranted to help delineate a theoretical framework, behaviour
change techniques, modes of delivery, and dose, which could optimize the effects of web-based

physical activity interventions in ACS patients that are insufficiently active.
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Part 2: Intervention Design of TAVIE en m@rche

Systematic approaches in nursing intervention design can be inductive or deductive
(Sidani & Braden, 2011). Although inductive approaches are experiential involving direct input
from potential intervention providers and patients, deductive approaches are theory-driven,
indicated when a solid body of literature exists on the phenomenon of interest. Proponents of the
latter suggest that the chosen theoretical framework should guide the choice of theoretical
constructs (and corresponding variables), which explain the phenomenon and are amenable to
change by an intervention, and the choice of intervention elements that include strategies, mode
of delivery, and dose (Sidani & Braden, 2011). The present work uses a deductive, theory-driven
approach because of the extant body of theoretical and empirical knowledge on human

motivation in physical activity (Ryan, 2012).

For our intervention design, we retained an integrated theoretical framework consisting of
the Strengths-Based Nursing Care approach to nursing practice (Gottlieb, 2013) with the Self-
Determination Theory on human motivation (Deci & Ryan, 1985). The technology retained that
allowed developing a fully-automated web-based tailored intervention for our design was the
TAVIE™ platform. A central feature of TAVIE™ is the use of videos of a real nurse, the Virtual
Nurse, that delivers the intervention content, guiding participants through the tailored

intervention.

Part 2 is divided into two sections. Section 1 presents a Concept Analysis Article of an
autonomy supportive intervention, which originated mainly from empirical works in Self-
Determination Theory. This article helped lay one of the key building blocks of the
intervention’s integrated theoretical framework, which is presented later within Section 2.
Section 2 presents the systematic deductive approach of our literature review for the intervention
design of TAVIE en m@rche, in which the autonomy supportive intervention is integrated in the
theoretical framework. We now bring your attention to the Concept Analysis Article. As with all

Articles in this thesis, the full citations are found in the References section.
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Part 2, Section 1: Concept Analysis Article

Citation : Kayser, J. W., Cossette, S., & Alderson, M. (2014). Autonomy-supportive
intervention: An evolutionary concept analysis. Journal of Advanced Nursing, 70(6), 1254-1266.
doi:10.1111/jan.12292

Abstract

Aim. This paper is a report of an analysis of the concept of an autonomy supportive

intervention.

Background. A large proportion of chronic illnesses can be prevented by positive health
behaviour changes. The aim of an autonomy supportive intervention is to increase perceived
autonomy support, which in turn increases positive health behaviour changes. Its known core
components are: choice, rationale and empathy. Identifying and analyzing the antecedents,
attributes and consequences of an autonomy supportive intervention will increase the clarity of

this concept.
Design. Concept analysis

Data Sources. Sources were 63 papers describing an autonomy supportive intervention in health

behaviour changes indexed in CINAHL, PsycINFO and MEDLINE (all dates until July 2012).

Methods. Rodgers’ evolutionary method of concept analysis was used to help identify and

analyze the antecedents, attributes and consequences of the concept.

Results. More evolution was found in the disciplines of nursing and psychology compared with
medicine in relation to the use of an autonomy supportive intervention in theoretical frameworks.
The antecedents included assessment prior intervention delivery, intervention providers’ beliefs
and skills training. A lack of homogeneity in the manner of which the attributes were described
was found in the literature across disciplines and the attributes were classified under five

components instead of three: choice, rationale, empathy, collaboration and strengths.

Conclusion. An autonomy supportive intervention is a useful concept across health care
disciplines and future research should aim at identifying which attributes and components of an
autonomy supportive intervention may be more effective in increasing perceived autonomy

support.
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Introduction

More than half of all global deaths are due to major chronic illnesses such as
cardiovascular, diabetes, respiratory and cancers (World Health Organization, 2011). A large
proportion of these deaths can be prevented by positive health behaviour changes such as
smoking cessation and increasing physical activity (World Health Organization, 2011).
Promoting self-care in the management of chronic illnesses is also a growing priority (Johnston,
Irving, Mill, Rowan, & Liddy, 2012). However, current world-wide epidemics in major chronic
illnesses are evidence to the limited effectiveness of population and individual-based health care
interventions (World Health Organization, 2011). Therefore, generating new knowledge in

nursing interventions to increase positive health behaviour changes is a priority.

An intervention is an action, or group of actions, that is delivered to another with the
purpose of fostering a positive outcome and can be justified by a sound rationale (Sidani &
Braden, 2011). An autonomy supportive intervention (ASI) is one example of such an
intervention that has emerged in the health care literature in the past three decades. An expected
positive outcome of an ASI is the influence it has on the human perception that one’s decision to
increase positive health behaviour changes was supported by the social environment (e.g., health
professionals) without coercion or pressure (Deci & Ryan, 1985). This proximal outcome—a
mediator of an AST—is known as perceived autonomy support (PAS). Recent meta-analyses
support the positive association between ASI and PAS wherein PAS is an important predictor of
health outcomes (Ng et al., 2012; Teixeira et al., 2012). This paper is a report of an analysis of
the concept of an ASI.

Background

The origin of an ASI lies in Self-Determination Theory (SDT). SDT suggests that socio-
environmental factors can be combined in an ASI, which in turn will positively affect health
behaviour changes (Deci & Ryan, 1985). The effect of an ASI is mediated through three
interrelated variables: PAS, psychological needs and behavioural regulations. PAS is the

perception of the degree of the quality of an ASI received from the social environment including

38



non-professional social networks, health professionals or society at large (Williams, Gagne,
Ryan, & Deci, 2002). Psychological needs include the need for autonomy—feeling ownership in
one’s choice for positive behaviour changes; the need for competence— feeling that one has the
ability to attain the chosen behaviour change; and the need for relatedness— feeling that one is
understood and cared for by others in relation to the behaviour changes. SDT posits that the
satisfaction of these needs leads to increased behavioural regulation. Behavioural regulation is
the process of internalizing motivation toward behaviour change that lies on a continuum
between highly controlled and highly autonomous motivations. While controlled behavioural
regulation is the experience that the behaviour change was caused by interpersonal or internal
pressure or coercion, autonomous behavioural regulation is the experience that the behaviour
change originated in volition and is aligned with the person’s profoundly held values (Minicucci,
Schmitt, Dombeck, & Williams, 2003). Therefore, in SDT, an ASI is expected to increase PAS
which in turn, satisfies the three psychological needs. These satisfied needs then positively
influence the internalization of motivation toward autonomous behavioural regulation. This

results in the increase of positive health behaviour changes (Ng et al., 2012).
An Autonomy Supportive Intervention (ASI)

Given that the proximal outcome of an ASI is PAS, we retained the original definition of
an ASI as an intervention aimed at increasing PAS wherein its core intervention components are:
1) offering choice in engaging in an activity or in the choice of activities, 2) providing a
rationale about the importance of an activity and 3) expressing empathy through the
acknowledgment of feelings and perspectives (Deci, Eghrari, Patrick, & Leone, 1994). However,
a cursory review revealed that the nature of an ASI may be subjected to a variety of
interpretations because the attributes of each broad component have not yet been identified.
Furthermore, literature reveals a lack of an examination of interdisciplinary use and evolution of
this concept. Therefore, a concept analysis of an ASI was performed to fill these knowledge
gaps. The aim of this paper was to identify and analyze the antecedents, attributes and
consequences across disciplines of an ASI using Rodgers’ evolutionary method in concept

analysis.

Rodgers’ evolutionary method was chosen because it emphasizes the evolution of the

concept’s use over time and because it is aligned with dispositional theories where concepts
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represent a meaning of a term (Hallett, 1967; Wittgenstein, 1968). Concepts defined under this
philosophical orientation can be analyzed through its antecedents, attributes and consequences
(Rodgers, 2000). The antecedents are the events that precede the concept. The attributes, central
to Rodgers’ evolutionary method, are defined as the characteristics of a concept. The
consequences are the causal events or outcomes that happen after the concept. This analysis
involved six activities: 1) identify the concept with its surrogate and related terms; 2) identify the
concept in time and describe its history across disciplines; 3) identify the concept’s attributes
across disciplines; 4) identify the antecedents and consequences of the concept across
disciplines; 5) if possible, present an exemplar case identified from the literature; and 6) propose

a conceptual model of the concept and suggest implications.

Questions were established to help classify the data during the first four activities
(Rodgers, 2000). For ‘surrogate’ and related terms, the question was: What are the synonyms and
closely related terms of an ASI? For ‘history’, the question was: What is the history of the
concept of an ASI across disciplines? For ‘antecedents’, the questions were: What needs to be
assessed before delivering an ASI? What attitude, perceptions, or beliefs does the intervention
provider need to have before delivering an ASI?; and What skills are needed in the intervention
provider to provide an ASI? For attributes, the question was: When observing an ASI in practice,
what are its attributes? For consequences, the questions were: What are the possible outcomes of

an ASI on health behaviours? What are its possible mediators?
Data sources

Literature for this concept analysis was drawn from three disciplines: nursing,
psychology and medicine. The multidisciplinary focus of this analysis is timely because of the
current movement toward interprofessional collaboration (Zwarenstein, Goldman, & Reeves,
2009). In addition, these three disciplines are major contributors to the scientific literature on
health behaviour changes. CINAHL, PsycINFO and MEDLINE databases were queried using
the following terms: ‘autonomy’ and ‘support$’ or ‘autonomy supportive intervention$’ in the
title; combined with ‘intervention’ or ‘program$’ or ‘approach$’ or ‘counsel$’ or ‘behavio$’ or
‘context$’ or ‘environment$’ or ‘style$’ or ‘climate$.” The 204 citations found in this search
were combined to an additional 98 citations found using first authors’ names in reference lists in

key papers including peer reviewed papers reporting dissertation work. These 302 citations were
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considered in relation to the following inclusion criteria: 1) the words ‘autonomy’ and ‘support’
in the title or abstract; 2) providing a sufficient description of an ASI; and 3) identifying an
outcome related to increasing a positive health behaviour change(s) in the prevention of illnesses
or in the management of acute or chronic illnesses. Primarily focused on adult health, the topic of
physical activity in children was included because of its importance in the prevention of
cardiovascular diseases in adulthood (Halfon, Verhoef, & Kuo, 2012). Exclusion criteria were; 1)
languages other than English; 2) syntheses such as book chapters, literature reviews and concept
analyses because we aimed to analyze primary sources; and 3) dissertations that did not result in
a publication in a peer reviewed journal. Excluded publications included those focusing on
academic achievement or learning, career achievement or work-related behaviours, competitive
sports or arts, functional autonomy, parenting or child development and social identity or
support. The resulting 63 papers included in this analysis were classified by discipline: nursing

(17); psychology (20); and medicine (26).

These data were entered into three main spreadsheet databases: a reference list database, a
database of antecedents and consequences and a cross-table database for the attributes. The
reference list database listed all papers’ details including for instance, the year of publication,
discipline, design, target behaviour and theory used. Words and phrases relevant to antecedents
and consequences of an ASI were included in a database and were compared for commonalities
resulting in categories stratified by discipline. The cross-table database listed the references in
the first column and an ASI attribute list was created in the top row. To create the list of
attributes for the top row, the actual words used to describe an attribute were included in a
separate database associated with a numerical code for ease of manipulation. Each attribute
number was then entered in the top row of the cross-table database. This cross table permitted
the calculation of a complete count of attributes per paper in the rows and a complete count of

papers per attribute in the columns. These databases enabled a systematic analysis of the concept.
Results

Surrogate Terms

Surrogate terms are synonyms to the concept analyzed (Rodgers, 2000). While the term
‘ASI’ was found in only two papers (Moustaka, Vlachopoulos, Kabitsis, & Theodorakis, 2012;

Williams, Gagne, et al., 2002), ‘autonomy support’ was among those most frequently cited.
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Coherent with the original general definition of an ASI (Deci et al., 1994), ‘autonomy support’
was described in the literature across disciplines as a set of behaviours or actions by a person or
social group that offers choice, rationale and empathy with the aim to increase PAS in a target

population. Hence, ‘autonomy support’ can be considered a synonym to ‘ASIL.’

‘Autonomy supportive environment,” was another surrogate term most commonly used
in medicine (Moustaka et al., 2012; Roemmich, Lambiase Ms, McCarthy, Feda, & Kozlowski,
2012; Rouse, Ntoumanis, Duda, Jolly, & Williams, 2011) and in nursing (Husted, Thorsteinsson,
Esbensen, Hommel, & Zoffmann, 2011; Ryden, 1985), but less commonly used in psychology
(Hill & Sibthorp, 2006). An ‘autonomy supportive environment’ adds the notion of social
structure, network or resources in the ASI (Hill & Sibthorp, 2006; Rouse et al., 2011; Ryden,
1985). ‘Environment’ is a term particularly salient in nursing because nurses take on important
roles in shaping their patients’ environments (Ryden, 1985). Therefore, ‘autonomy supportive
environment’ can be considered a synonym to ‘ASI’ describing attributes referring to the

provision of support from the social environment, but positioned in an ASI.
Related Terms

Concepts that are similar yet different from the concept analyzed are known as related
terms (Rodgers, 2000). One common related term identified was ‘autonomy supportive style.” It
was most commonly used in medicine (Moustaka et al., 2012; Resnicow et al., 2008; K. L.
Russell & Bray, 2010; Williams, Cox, Kouides, & Deci, 1999; Williams & Deci, 2001;
Williams, Gagne, Mushlin, & Deci, 2005; Williams, Gagne, et al., 2002), less commonly used in
psychology (Hagger et al., 2007; Solloway, Solloway, & Joseph, 2006), but not used in nursing.
While s#yle implies an inherent interpersonal quality in intervention providers, the term
intervention in ASI, implies a purposeful act that is a product of critical thinking and clinical
judgement and aims to affect beneficial outcomes in others. Therefore, ‘autonomy supportive

style’ was related but not synonymous with ASI.
History

In the literature examined, an ASI has been described over time from 1985 to 2012 in a
variety of study designs including theoretical papers. There was an apparent lack of evolution on
how an ASI was used within target health behaviours and populations among the disciplines.

While over time, nursing maintained its focus on self-care in chronic illness adult populations;
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psychology maintained a diverse focus on multiple types of health behaviours such as physical
activity, diet, smoking cessation and self-care, in healthy adult or adolescent and in chronic
illness populations. Medicine, over time, had a primary focus on physical activity, but in diverse

populations including healthy adults and in those with a chronic illness.

However, the concept of an ASI appears to have evolved in its theoretical grounding in
nursing and psychology, but not in medicine. In nursing the use of an ASI was originally used
without a theoretical base. In the present sample of papers, in 2003, Minicucci et al. were the
first to embed their autonomy supportive smoking cessation intervention in a theoretical
framework that integrated Gadow’s nursing moral framework and SDT (Minicucci et al., 2003).
Since then, SDT was the framework of choice in all nursing papers that based their study on a
theoretical framework (Husted et al., 2011; Johnson, 2007; Jorgensen, Hansson Professor, &
Zoffmann, 2012; C. L. Russell et al., 2011). In contrast, psychology had originally used an ASI
in SDT until 2007. After 2007, there was evidence of the use of an ASI embedded into a theory
other than SDT. For instance, Chatzisarantis and colleagues examined the influence of an
autonomy supportive environment, a synonym to ASI, using the Theory of Planned Behaviour
(TPB) (Chatzisarantis, Hagger, & Smith, 2007). Chatizisarantis and colleagues continued to use
the TBP until the work by Hagger et al. in 2009 who clearly integrated the two theoretical
frameworks: SDT in the TPB (Hagger et al., 2009). Medicine maintained the use of an ASI in
SDT over time with the exception of (Shen, 2010), who like Chatzisarantis and colleagues,

examined an ASI in the TPB.

Given that the concept of an ASI is principally embedded in SDT across disciplines, the
definition of an ASI remained unchanged over time emphasizing its three core components—
choice, rational and empathy—and its expected effect on PAS. However, an important number of
nursing papers lacked a theoretical framework. In these, no clear definition of an ASI was
proposed but instead, they referred to the attributes of an ASI which will be analyzed in the

following section attributes.
Antecedents

Three types of antecedents emerged from the analysis. Examples stratified by discipline

are provided in Table 2. They were grouped under the following three categories: 1) potential
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moderators to assess prior to delivering an ASI; 2) intervention providers’ attitudes, perceptions,

or beliefs; and 3) skills training.

Table 2. Antecedents stratified by discipline

Antecedent Nursing Psychology Medicine
Potential moderators to Change in the need Patient preference
assess prior to delivering for autonomy for autonomy
an ASI support support
Psychological Gender
readiness for
autonomy support
based on individual
recovery trajectories
Intervention providers’ Hold values such as  Ability to
attitudes, perceptions or honesty, integrity understand clients’
beliefs and courage perspective
Non-judgmental
attitude
Skills training Communication Communication Communication
skills skills skills

In the care of
residents in long-
term care

In the provision of
physical education
classes for students

In counseling for
life-style risk
reduction

In the provision of
physical education
classes for students

Note. ASI = Autonomy supportive intervention

Potential moderators to assess prior to delivering an ASI

The literature examined allowed the discovery that certain subgroups of individuals may

benefit more or less from an ASI due to human development, illness recovery trajectory and

personal preference or characteristics. In nursing, Karlsson, Arman, and Wikblad (2008) found

that the level of autonomy support (in an ASI) in self-care among diabetic adolescents should be

sensitive to their changing needs in autonomy support. Proot, ter Meulen, Abu-Saad, and

Crebolder (2007) suggested that an ASI should be tailored to the psychological readiness of

stroke patients’ individual recovery trajectory. Two papers illustrated that patient preferences in
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autonomy support may moderate the effect of an ASI on outcomes. Resnicow et al. (2008) found
that fruit and vegetable intake only increased in patients who preferred autonomy supportive-
type of written communication and not in those who preferred regular-type written
communication in newsletters. Lee and Lin (2010) found higher health related quality of life
scores in diabetic patients who preferred high levels of information from their physicians rather
than in those who preferred low levels. Finally, gender may also moderate the effect of an ASI as
Roemmich et al. (2012) found that providing choice (a component of an ASI) had a greater effect

on increasing physical activity in girls than in boys.
Intervention providers’ attitudes, perceptions, or beliefs

In nursing, Minicucci et al. (2003) argued that for nurses to provide an ASI, they must
hold personal values such as honesty, integrity and courage. In psychology, Hill and Sibthorp
(2006) noted the importance in camp counselors’ ability to understand the perspective of diabetic
children campers to enable the provision of an ASI. Furthermore, having a non-judgmental
attitude was highlighted as an important quality in smoking cessation counselors delivering an

ASI (Niemiec, Ryan, Deci, & Williams, 2009).
Skills training

The importance of teaching communication skills for an ASI were highly cited in medicine (Juul,
Maindal, Zoffmann, Frydenberg, & Sandbaek, 2011; Moustaka et al., 2012; Silva et al., 2010;
Tessier, Sarrazin, & Ntoumanis, 2008; Williams, 2002), but sparingly cited in nursing (Atkins,
2006; Husted et al., 2011) and in psychology (Chatzisarantis, Hagger, Wang, & Thogersen-
Ntoumani, 2009). One example of needed communication skills was found in Juul et al. (2011)
who described in their study protocol a specific set of communication skills (e.g., active listening
and values clarification) taught to the study nurses during a 16-hour training. Across disciplines,
the need for skills training for an ASI was generally supported in all professionals including

nurses, physicians, psychologists, counselors and teachers.
Attributes

The attributes are presented in Table 3 in descending order of frequency in its component
across the 63 papers. As an ASI was theoretically grounded in SDT since its beginning in

psychology, we choose to retain the three core components described in SDT to classify the
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attributes found in the literature according to Deci and colleagues’ definitions. Choice is defined
as one direction of action of an intervention provider offering more than one option to the
individual without coercion or control (Deci et al., 1994). Examples of attributes found in the
papers included providing choice in treatments or interventions and avoiding pressure,
punishments, demands or coercion. Rationale is also defined as having one direction and
involved the provision of information or explanation from the intervention provider to the patient
(Deci et al., 1994). Examples of attributes included providing a meaningful rationale, or relevant
and factual information. Empathy was defined as a two-way interpersonal communication
between the intervention provider and the patient (Deci et al., 1994). Attributes included
acknowledging patients’ perspectives, feelings and opinions after allowing time for patients to
talk and listening to them with attentiveness and warmth. While we were able to classify 21
attributes under these core components, 17 remained unclassified. We therefore examined other
theories to identify possible components that could integrate the remaining attributes used in an

ASIL
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Table 3. List of attributes in descending order of frequency within its component

Attribute No. Component 1: Choice Totals

1 Provides choices in treatment or interventions 42

2 Avoids reducing choice options using pressure, punishments, demands, or 22
coercion

3 Conveys choice in status quo versus change 7

4 Allows time for patient to make own choices and decisions 6

5 Provides choice in opportunities for autonomous actions, or initiatives 4

6 Respects and supports choices and decisions 4

7 Provides access to choice in systems, resources, or information 4

8 Provides limits in choice 2

9 Provides choice in opportunities for social interactions or support from 2
environment

Attribute No. Component 2: Rationale Totals

10 Provides a meaningful rationale 22

11 Provides relevant and factual information, or explains the meaning of technical 22
terms

12 Provides feedback on performance 6

13 Communicates clear expectations and values 2

14 Communicates value in uninteresting activities 2

15 Presents clear contingencies between behavior and outcome 1

16 Offers recommendations or advice 1

17 Communicates persuasive information 1

Attribute No. Component 3: Empathy Totals

18 Understands and acknowledges the other’s perspective, feelings and opinions 42

19 Takes time to listen with attentiveness and warmth 5

20 Allows time for the other to talk 3

21 Accepts negative emotions and provides emotional support 3

Attribute No. Component 4: Collaboration Totals

22 Supports and encourages self-initiatives and increased self-responsibility 11

23 Engages in shared collaborative decision making and action planning 8

24 Encourages questions and responds to them 5

25 Uses respectful, fair and constructive communication 4

26 Minimizes interpersonal power differential 3

27 Defines treatment goals and goal follow-up in collaboration with the patient 2

28 Engages in agenda setting in collaboration with the patient 2

29 Asks about what the other wants, wants to do, achieve, or will do 1

30 Participates in collaborative problem solving 1

31 Encourages a leadership role in the other 1

32 Explores problem and allows own problem definition 1

33 Avoids evaluating performance or surveillance 1

34 Discusses learning strategies and offers hints 1

35 Shares responsibility 1

Attribute No. Component 5: Strengths Totals

36 Communicates praise, providing positive feedback on strengths 7

37 Explores life aspirations and motivations 5

38 Explores values and goals, in relation to lifestyles 1
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Figure 1. Proportion of cited attributes classified under a component per discipline.

Each bar was calculated as follows: Total number of citations/(Total attributes ). In the top bar for example, the
total number of occurrences of an attribute under choice (n = 14 ‘Total number of citations’) was divided by the
product of possible number of attributes within the component choice (n =9 ‘Total attributes’) and the total number
of papers in the discipline of nursing (N = 17). The calculation was as follows: 14 citations/(9 attributes 17 nursing
papers) = 0.09.

A consensus was reached on the components, ‘collaboration’ and ‘strengths’, based on
Gottlieb and colleagues’ work. Gottlieb (2013) maintain that nurses’ respect of patients’ self-
determination can be achieved through a collaborative nurse-patient partnership and through
helping patients identify and develop their own strengths. Gottlieb and Feeley (2006) defined
‘collaboration’ as sharing power in an interpersonal interaction between the intervention provider
and the patient where the provider’s aim is to engage patients in collaborative action planning
using exploration and respectful communication. Examples of attributes included supporting and
encouraging patients’ self-initiatives and increased self-responsibility. ‘Strengths’ as defined by

Feeley and Gottlieb (2000), involves the action of identifying, exploring and providing feedback
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on clients’ strengths which include positive attitudes, capabilities, personal characteristics,
aspirations and motivations (Feeley & Gottlieb, 2000). Attributes included communicating
praise, providing positive feedback on strengths and exploring life aspirations and motivations.
These two components sufficed for the classification of the remaining 17 attributes. Figure 1
illustrates the proportion of citations of attributes under a particular component per discipline.
For example, the top bar in Figure 1 represents nearly 10% of citations of attributes under the
component choice were found in nursing papers. This figure shows that in each discipline at least
one attribute was cited under each of the five identified components; and a higher proportion of
papers cited attributes under empathy and choice compared with the three other components.
Notably, a lower proportion of nursing papers cited attributes under choice than in psychology
and medicine; and a lower proportion of psychology papers cited attributes under empathy than
in nursing and medicine. This figure highlights the lack of homogeneity in the manner of which

the attributes of an ASI are described in the literature across disciplines.

Table 4. Consequences stratified by discipline

Consequence Nursing Psychology Medicine

Possible outcomes of  Life-style risk Life-style risk Life-style risk

an ASI on health reduction reduction reduction

behaviours Medication Medication Medication adherence
adherence adherence Physical activity
Physical activity Physical activity Self-care behaviours
Self-care behaviours  Self-care behaviours in chronic illness
in chronic illness in chronic illness Smoking cessation
Smoking cessation Smoking cessation

Substance abstinence

Possible mediators of  PAS Attitudes Active involvement in

an ASI Psychological needs  Intention care
Self determination PAS Attitudes
Self-regulation Perceived Intention

behavioural control ~ PAS
Psychological needs  Perceived behavioural

Self-regulation control
Subjective norms Psychological needs
Self-regulation

Subjective norms

Note. ASI = Autonomy supportive intervention; PAS = Perceived autonomy support
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Consequences

The two types of consequences presented in Table 4 stratified by discipline included: 1)

possible outcomes of an ASI on health behaviours; and 2) possible mediators of an ASI.
Possible outcomes of an ASI on health behaviours

The total list of health behaviour outcomes found were: life-style risk reduction (e.g.,
general health behaviours to reduce risk factors such as hyperlipidemia, hyperglycemia and/or
obesity), medication adherence, physical activity, self-care behaviours in chronic illness,
smoking cessation and substance abstinence. As described in the history section, the nursing
literature was primarily concerned with self-care behaviours; the psychological literature
revealed a wider spread of health behaviour change topics; and the medical literature was
primarily concerned with physical activity. Results were mixed among the 10 experimental
studies—all based on SDT—as significant positive effects of an ASI were reported in five:
increased physical activity in women (Moustaka et al., 2012; Silva et al., 2010) and children
(Roemmich et al., 2012), reductions in glycated hemoglobin and cholesterol in diabetes patients
(Williams, Lynch, & Glasgow, 2007) and increased smoking cessation rates (Williams, Niemiec,
Patrick, Ryan, & Deci, 2009). The remaining five studies found non-significant effects of an ASI
on diabetes self-care (Hill & Sibthorp, 2006), substance abuse (Cogswell & Negley,
2011)smoking cessation (Solloway et al., 2006; Williams & Deci, 2001) and on vegetable and
fruit intake (Resnicow et al., 2008). As the results varied across studies including behavioural
and physiological measures and in the population studied, there was no trend suggesting that an
ASI is more or less effective regarding certain health outcomes. Also, these mixed results cannot
be explained solely by sample size or history because the smallest study (N = 35) and largest (N
= 1006) were both significant; and older studies were not more significant than more recent ones.
However, the lack of intervention fidelity may provide an explanation because only half reported
intervention provider training or treatment fidelity evaluation thereby possibly contributing to
variability in effectiveness. In these, only two studies evaluated intervention fidelity: Williams &
Deci (2001) evaluated audio-recordings of the ASI and Moustaka et al. (2012) performed a

‘manipulation check’ that involved measuring participants’ perceptions of the ASI.
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Possible mediators of an ASI

The possible mediators of an ASI were generally clustered in their theoretical framework;
but PAS was the proximal outcome in all papers. For instance, the mediating variables in SDT-
based papers were PAS, psychological needs and behavioural regulation. The mediating
variables in the TPB-based papers was PAS, attitudes, subjective norms, behavioural control and
intention (Chatzisarantis, Hagger, & Brickell, 2008; Chatzisarantis et al., 2007; Chatzisarantis et
al., 2009; Kor & Mullan, 2011). Hagger et al. (2009) combined SDT and TPB variables into one
model but depicted PAS as the proximal outcome. This is indicative of how although grounded
in SDT, the effect of an ASI may be explained through a variety of processes found in other

theoretical frameworks such as the TPB.
Exemplar

Identifying exemplars of the concept, if possible, helps provide a more clear illustration
of the concept analyzed (Rodgers, 2000). In the present sample of papers, an ASI was delivered
by a variety of intervention providers, for a wide range of health behaviours, in various clinical

settings and populations and no exemplar of an ASI was identified.
Discussion

This paper is a report of an analysis of the concept of an ASI using Rodgers’ evolutionary
method drawing on literature from three disciplines: nursing, psychology and medicine. The
analysis of the use of an ASI over time revealed more evolution in the disciplines of nursing and
psychology than in medicine. This evolution was apparent in its use in theoretical frameworks.
While an ASI in nursing originated from atheoretical grounding, in psychology an ASI
originated in SDT. In nursing the relatively recent movement toward evidence-based nursing
practice (French, 2001; Sidani & Braden, 1998) may have influenced the evolution of the use of
theoretical frameworks. One advantage to using theory is the ability to explain the processes an
intervention on desired outcomes (Sidani & Braden, 1998). In psychology, the evolution was
identified in the interest to try out the concept of an ASI in another theoretical framework
notably, the TPB, in response to this theory’s limitations in fully explaining health behaviour
change (Chatzisarantis et al., 2007). The appeal of an ASI in the TPB is that it represents a non-
pressured form of social influence rather than the original concept of ‘social norms’ in the TPB

that represents conformity to social pressures.
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We identified a large number of attributes (38) and approximately half (17) could not be
classified under the originally identified components of an ASI: choice, rationale and empathy.
To enable the classification of these 17 attributes, two new components were added:
collaboration and strengths. Collaboration is an important value in health care. Gottlieb & Feeley
(2006) describe nurse-patient collaboration as a dynamic process of the relationship that includes
establishing trust, engaging in collaborative information exchange and ‘working-out’ a
collaborative plan of action. (Sieber et al., 2012) report an increase in this past decade of the
implementation of a variety of collaborative care models in various U.S. medical settings. In
psychology, establishing a collaborative relationship is a core value and essential to the
effectiveness of psychological therapy (Pisani, leRoux, & Siegel, 2011). ‘Strengths’ has been
used in health literature dating from early laboratory studies in psychology testing the effect of
performance feedback (i.e., an attribute of ‘strengths’) on motivation (Deci & Ryan 1985).
However, Gottlieb (2013) views a strengths-based approach as more than just a ‘technic,” but an
orientation to care or way of understanding the lives of the people and families they provide care
for. It is unknown how ‘strengths’ or ‘collaboration,’ as potential additions to the core three
components of an ASI, if applicable, may affect PAS and subsequently positive health behaviour
change. Our findings highlight the importance to consider collaboration and strengths in the

definition of an ASI.

Although a recent meta-analysis supports the mediating effect of PAS—reflecting the
need for PAS to be enhanced if an ASI is to have an effect on health outcomes (Ng et al. 2012)—
not all experimental studies in our sample found significant positive effects of an ASI. This
finding was not due to measured health behaviour change, target population or sample size, but
may be due to the lack of homogeneity in the description of an ASI in the literature. Not only
were a large number of attributes identified to describe an ASI—surpassing the usual definition
of the three components—there also appeared in our data a lack of homogeneity in the

proportion of papers citing attributes under ‘choice’ and ‘empathy’.

Another explanation to the mixed results may be related to intervention fidelity.
Intervention fidelity helps ensure that interventions are delivered as intended by the researcher.
Training of intervention providers, the use of an intervention manual and evaluating fidelity are
ways to ensure intervention providers’ adherence to the intervention’s goals, components, mode

of delivery and dose (Sidani & Braden 2011). In our analysis we found skills training to be a
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common antecedent of an ASI across disciplines. However, only half of the experimental studies
clearly reported the training of intervention providers or the use of an intervention manual and
only two of these evaluated fidelity. This issue is important because studies, not included in our
review, in nurse practitioners and physicians (Lawson, 2002), counsellors (Sussman, Williams,
Leverence, Gloyd, & Crabtree, 2008; Toriello & Leirer, 2004) and teachers (Sarrazin, Tessier,
Pelletier, Trouilloud, & Chanal, 2006; Trouilloud, Sarrazin, Bressoux, & Bois, 2006), show a
lack of ASI use in real-life clinical practice. In summary, increasing ASI homogeneity and
intervention fidelity may help ensure the positive effect it has on increasing PAS. The results of
present analysis can be used to increase this homogeneity and to inform the development of a

standardised treatment fidelity measurement in the evaluation of an ASI.

A model is presented in Figure 2, based on the results of this analysis, illustrating the
antecedents, attributes and consequences of an ASI. The assessment prior to an ASI delivery,
intervention providers’ attitudes, perceptions, or beliefs and skills training in ASI delivery, are
indicated in the antecedents. The attributes of the ASI, in their components, are a central part of
this model, which is mediated by PAS—the target of the intervention—then other psychological
mediators depending on the theoretical framework used. Health behaviour outcomes are the

distal outcomes of an ASI. This model, may offer a practical framework for researchers and

Consequences

Antecedents Attributes Mediators Outcomes

Assessment
prior to ASI
delivery

Choice

Intervention
providers’ Strengths A S§J Collaboration
attitudes, Psychological

rceptions
ple)r ble’]iefs ’ Empathy  Rationale

Health
Behaviours

Skills
Training

clinicians in the exploration of the possible associations of an ASI.

Figure 2. A model of the antecedents, attributes and consequences of an ASI
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Limitations

One limitation of this concept analysis is that the literature included was only English
language publications resulting in the possibility that relevant references may have been
overlooked. The deductive approach used in the attributes section is not characteristic of the
evolutionary method in concept analysis given its emphasis on inductive inquiry (Rodgers,
2000). We decided however that a deductive approach was most suitable in the attributes’
analysis because the concept of an ASI is largely theory driven. Notably, the remaining sections
in the analysis were inductive hence aligned with the method of choice. Also, it was not possible
using the current method to identify which components and which attributes may be more
effective in increasing PAS. This can only be known through future empirical research. A final

limitation of this concept analysis was the failure to identify an exemplar.
Conclusion

This concept analysis, in our opinion, helps to lay the ground for future evaluation of an
ASI. Given the importance of generating new knowledge in effective nursing interventions on
the topic of increasing positive health behaviour changes in the prevention of future chronic
illnesses and in the promotion of self-care in chronic illnesses, this concept analysis is a step
toward better understanding the concept of ASI, its development and where it needs to go from
here. This concept analysis revealed across disciplines the evolution of an ASI, its antecedents,
attributes and consequences. Our findings may be used to increase homogeneity of this concept
and inform the development of a standardised treatment fidelity measurement. Future research
should aim at identifying which attributes and components of an ASI may be more effective in
increasing PAS. We support the use of an ASI as a useful concept across health care disciplines

to help increase positive health behaviour changes.

We now bring your attention to Section 2 of the intervention design, where we present
the background of the integrated framework, intervention strategies (global and specific), modes

of delivery, and dose. This section ends with a presentation of the research hypotheses.
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Part 2, Section 2: Intervention Framework, Strategies, Modes of

Delivery, and Dose

Inspired by the work of Sidani and Braden (2011), the following literature review was
organized using five steps: 1) clarify the background of the theoretical framework and its
constructs; 2) examine the effects of self-determination theory-based interventions on constructs
of interest and the desired outcome; 3) delineate the integrated framework with its intervention
strategies; 4) delineate the modes of delivery and intervention dose; and 5) summarize the

strengths and limitations of TAVIE en m@rche.
Clarify the background of the theoretical framework and its constructs

Clarity of a theoretical framework promotes the advancement of nursing science such that
interventions found efficacious may be reproduced, new knowledge using the same framework
may be generated, and innovations from the theoretical framework may be implemented. In
addition, specific knowledge gained concerning interventions’ effects on theoretical constructs
(consisting of variables) increases our understanding of the causative processes through which
interventions obtained their effects (Sidani & Braden, 1998). This knowledge in turn helps guide

evidence-based nursing practice in the design of efficacious interventions.
Strengths-based nursing care

For our intervention design, we retained Strengths-Based Nursing Care (SBNC)
(Gottlieb, 2013) as the approach to nursing practice. In SBNC, the nursing value, ‘Self-
determination,” was in part supported by the tenets of Self-Determination Theory of human
motivation (Deci & Ryan, 1985). Self-Determination Theory was the retained theory providing
the theoretical constructs amenable to change by the proposed intervention. Strengths-Based
Nursing Care (SBNC) is a values-driven approach to nursing practice (Gottlieb, 2013). The eight

SBNC values are as follows:
1. Health and healing;
2. Uniqueness of the person;
3. Holism and embodiment;
4. Objective/subjective reality and created meaning;
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5. Self-determination;

6. Person and environment are integral;

7. Learning, readiness, and timing; and

8. Collaborative partnership between nurse and person

These eight values build on past theoretical and empirical works of the McGill Model of
Nursing (Gottlieb & Ezer, 1997), works on the collaborative partnership approach to nursing
care (Gottlieb & Feeley, 2006), and the Developmental/Health Framework within the McGill
Model of Nursing (Gottlieb & Gottlieb, 2007). In addition, a broad range of theoretical and
empirical works in nursing and in other scientific disciplines was used to support these values.
SBNC represents an evolution of the McGill Model of Nursing, in which the conceptualization
of strengths has become a central and distinguishing feature. Strengths, is defined as a “person or
family’s special and unique qualities that determine what a person can do and who she can
become” (Gottlieb, 2013, p. 105). Indeed, SBNC does not exclude a focus on deficits or
weaknesses but rather maintains that nurses work with the interplay between both strengths and
weaknesses such that human strengths are discovered, vulnerabilities are mitigated or contained,
and weaknesses are uncovered (Gottlieb, 2013). SBNC is “...about understanding the
whole...how strengths and weaknesses interact to promote health, and healing” (Gottlieb, 2013,

p. 120).

Health and healing

The SBNC value, ‘Health and healing’ is concerned with wholeness, which refers to a
“sense of wellness,” balance, and living in “harmony” with all aspects of the person that includes
“physical, cognitive, mental, emotional, social and spiritual domains of functioning” (Gottlieb,
2013, p. 66). Although health is the process of “creating wholeness,” which is achieved through
developing capacities and competencies to deal with life challenges, healing is the process of
“restoring wholeness” (Gottlieb, 2013, p. 66). As such, in SBNC, illness or life events represent
challenges that provide opportunities to identify and develop potential strengths, which in turn

enables the person to create and restore wholeness, hence health and healing (Gottlieb, 2013).
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Uniqueness of the person

Uniqueness is concerned with individual differences including qualities and strengths,
from the cellular to the whole-person level, and among families and societal groups (Gottlieb,
2013). People experience illness or life events in their unique way because of differences in
genetic and biological features, and the social environments in which the event is experienced.
Uniqueness of the person is in part influenced by these differences in experiences of illness
events. Therefore, instead of a “standardized...one size fits all” approach (Gottlieb, 2013, p. 69),

SBNC nurses are responsive to patients’ and families’ unique qualities or strengths.

Holism and embodiment

Holism and embodiment refers to the view that the person is not a sum of its parts but an
integrated and inseparable whole (Gottlieb, 2013). The opposite is the reduction and
disembodiment of patient care through focusing on patients’ diseased body parts or systems, a
deficit focused view. Holism and embodiment implies caring for the whole person in an
integrated way through understanding the complexities underlying the relationships among the

mind, brain and other body systems (Gottlieb, 2013).

Objective/subjective reality and created meaning

Objective reality refers to what can be observed and measured from patients. Emphasized
in SBNC is subjective reality, which refers to patients’ perceptions and feelings about illness or
life events, which themselves represent created meanings of their experiences (Gottlieb, 2013).
Along with objective observations, SBNC nurses seek to understand subjective realities through

created meanings of patients’ illness or life experiences.

Self-determination

Respecting self-determination means to respect a person’s right to a life grounded in
volition and free-will (Gottlieb, 2013). This SBNC value implies that nurses foster patients’
autonomy to take ownership and responsibility of their health and healing process. The SBNC
perspective on self-determination is drawn in part from the works of Deci and Ryan (1985), the
originators of the Self-Determination Theory on human behaviour. Self-Determination Theory is

described in the next section because it was retained in the present theoretical framework.
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Person and environment are integral

The person and environment are reciprocally linked and integral to each other such that
nurses, and family or friends, are integral parts of the person’s external environment (Gottlieb,
2013). Collectively, interpersonal interactions influence the degree to which the external
environment supports health and healing. This SBNC value implies that nurses seek to
understand the person’s environment, and are responsible in creating health promoting and

healing environments.

Learning, readiness, and timing

In SBNC, active participation in learning is valued and involves developing new
competencies and capacities (Gottlieb, 2013; Gottlieb & Gottlieb, 2007). Readiness may be
influenced by several factors including self-efficacy such that confidence in one’s competencies
and capabilities increases the sense of readiness for learning and change. Timing of illness or life
events may also increase readiness to learn and change because harm resulting from the lack of
certain health behaviour changes may become apparent during illness or life crises (Gottlieb,
2013). As “readiness is a prerequisite for change...timing refers to when change is most likely to
occur” (Gottlieb, 2013, p. 95 and 97). Therefore, this SBNC value implies that nurses are

sensitive to readiness and timing when engaging patients in an active learning or change process.

Collaborative partnership between nurse and person

This value underpins the nature of the nurse-patient relationship wherein both nurse and
patient share “knowledge, skills, and experiences” in their relationship (Gottlieb, 2013, p. 101).
The SBNC nurses’ role is to “encourage people to share their expertise, to develop their
autonomy and self-efficacy, and to help them (identify and develop) their strengths” (Gottlieb &
Feeley, 2006, p. 6). Fostering collaborative nurse-patient partnerships enables the creation of

health promoting and healing environments.

In summary, SBNC provides a values-driven approach to nursing practice that serves as a
backdrop that guides nursing interventions. However, SBNC lacks theory on human motivation
and theoretical constructs explaining the phenomenon of physical activity behaviour. Drawn
from the SBNC value, ‘Self-Determination,” Self-Determination Theory was the retained theory

on human motivation explaining physical activity behaviour.
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Self-determination theory constructs

Self-Determination Theory (SDT) was originally elaborated by Deci and Ryan (1985).
Adaptations through empirical investigation in its application for health behaviour changes were
advanced by Williams, Minicucci, et al. (2002) and Williams et al. (2006). Based on the latter
authors’ works, Ng et al. (2012) tested a model which included three categories of SDT
constructs: perceived autonomy support, self-determined motivation continuum, and perceived
competence (Figure 3). The theory posits that change in SDT constructs by an intervention will
in turn predict health behaviour changes, a process known as the mediation effect (Baron &

Kenny, 1986).

Self-Determined Motivation

Continuum
| >

Controlled | Autonomous |

Perceived Autonomy
Support Health Behaviour

Change

Perceived Competence

Figure 3. SDT constructs and their relationships

Adapted from Ng et al. (2012). Reproduced with permission from SAGE publications.

Perceived autonomy support

Perceived autonomy support is the perception that during interpersonal interactions,
choices were provided concerning decisions or preferences, rationale was offered concerning
suggestions or recommendations, and acknowledgement or empathy was expressed concerning
difficulties encountered (Deci et al., 1994). Perceived autonomy support can be received through
interactions with authority figures (Vansteenkiste & Sheldon, 2006) such as health care
professionals or through significant others including family such as a spouse, friend, or
acquaintance (Rouse et al., 2011). Regardless of the source of autonomy support, SDT posits that

increases in perceived autonomy support will positively influence health behaviour change, but
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indirectly through improvements in the self-determined motivation continuum and through

increases in perceived competence (Ng et al., 2012).

Self-determined motivation continuum

The Self-determined motivation continuum represents ‘motivation’ in SDT, and is a
central category of SDT constructs that offer an explanation why people behave the way they do
(Deci & Flaste, 1995) including adopting and maintaining a health behaviour change. The
continuum consists of motivational subtypes (variables), which refer to the degree that one feels
that an actual or future behaviour change is volitional, aligned with one’s goals and values,
and/or for sheer enjoyment (Deci & Ryan, 1985). As such, each subtype of motivation is

distinguished by their degree of relative autonomy (Figure 4).

Less Self-Determined More Self-Determined

. . Introjected . Identified

L 4 Y
Controlled Motivations Autonomous Motivations

External Integrated

Figure 4. Self-determined motivation continuum
Adapted from Deci and Ryan (2008). Reproduced with permission from the Canadian Psychological Association.

Amotivation, found at the lowest end of the continuum, refers to a lack of reason to
engage in behaviour change, and is the least self-determined motivational subtype. The next
subtype is external motivation, which refers to behaviour change that is motivated by rewards or
negative consequences imposed by others, following rules or pleasing others. Introjected
motivation refers to behaviour change that is motivated out of a sense of guilt or shame in the
presence of failure in change. Identified motivation represents a more self-determined and
effective subtype such that the behaviour change is motivated by personal benefits of the
behaviour change, which in turn fosters felt volition. /ntegrated motivation extends the volition
felt in the latter now aligning the behaviour change with personal goals and values. At the
highest end of the continuum lies intrinsic motivation—the behaviour change is motivated out of

sheer enjoyment. A threshold of relative autonomy can split the self-determined motivation
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continuum into controlled and autonomous motivations (Figure 4). SDT posits that decreases in
controlled motivations and increases in autonomous motivations positively predict health

behaviour change (Williams et al., 2006; Williams, Minicucci, et al., 2002).

Perceived competence

Perceived competence refers to the degree of confidence in one’s capability in achieving
a health behaviour change goal (Williams et al., 2006). Self-efficacy, central in the human
motivation literature (Ryan, 2012), represents a parallel category of theoretical constructs to
perceived competence. The degree of confidence overcoming barriers encountered when
implementing a change in health behaviour is known as barrier self-efficacy (Blanchard,
Rodgers, Courneya, Daub, & Knapik, 2002). Barrier self-efficacy and perceived competence
both represent perceived ‘confidence’ in successful health behaviour change. Increases in both
perceived competence and barrier self-efficacy are expected to predict improved health

behaviour changes.

Examine the effects of self-determination theory-based interventions on

constructs of interest and the desired outcome

Theoretical constructs retained for review are drawn from Figure 3, and the desired
outcome pertains to increased physical activity. Past evidence supports the overall associations
between the SDT constructs in Figure 3 and physical activity outcomes. Specifically, Teixeira,
Carraca, Markland, Silva, and Ryan (2012) found in their systematic review of 72 samples in 66
studies (cross-sectional, longitudinal, mixed methods, and RCT) that the majority of the samples
(i.e., > 75%) supported the association between greater levels of autonomous motivations and
improved physical activity outcomes (Teixeira et al., 2012). Between 50% and 75% of the
samples supported the association between greater levels of perceived autonomy support and
perceived competence, and improved physical activity outcomes. For the association between
controlled motivations and physical activity outcomes, the samples were split between finding a
negative association as theoretically expected, and no association. However, most of the samples
(84.7%) retained in Teixeira et al. were non-experimental, and the main aim of their analysis was
on the associations between SDT constructs and physical activity outcomes rather than a focus

on the effect of SDT-based interventions on SDT constructs and on physical activity outcomes.
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The main aim of our literature review was to determine which SDT constructs or variables may
be amenable to change by an intervention, and hence be targeted by the proposed intervention.
As such, we examined the effect of SDT-based interventions on SDT constructs and physical

activity outcomes.

We retained 12 RCTs or non-RCTs. The studies were obtained in part through scanning
the systematic review by Teixeira et al. (2012) whose search strategy ended in 2011 (n = 66). We
then applied the same search terms as Teixeira et al. in our own search strategy (between 2011
and 2014) using the MEDLINE, PsycINFO, and CINAHL databases (n = 281). Therefore, we
scanned a total of 347 studies (total includes duplicates) in addition to references lists from key
studies. Studies were included if they were an RCT or non-RCT testing the effects of an SDT-
based intervention on physical activity outcomes in adults. In addition, we included any RCT or
RCT protocol of web- and SDT-based interventions that reported or planned testing SDT
constructs and physical activity outcomes. Studies were excluded if they did not contain at least
one measure of a motivational subtype on the self-determined motivation continuum because of
their centrality in SDT. The 12 retained studies consisted of seven RCTs (Fortier, Sweet,
O'Sullivan, & Williams, 2007; Jacobs, De Bourdeaudhuij, Thijs, Dendale, & Claes, 2011; Levy
& Cardinal, 2004; Mildestvedt, Meland, & Eide, 2008; Patrick, Canevello, & Williams, 2012;
Silva et al., 2010; Van Hoecke, Delecluse, Bogaerts, & Boen, 2014), two cluster-RCTs (Duda et
al., 2014; Edmunds, Ntoumanis, & Duda, 2008), two non-RCTs (Moustaka et al., 2012; Van
Hoecke et al., 2013), and one RCT in progress (Friederichs, Oenema, et al., 2014). These studies
were classified in Table 5 among supervised exercise (i.e., coaching during exercise classes),
face-to-face or phone counselling (i.e., the experimental condition was primarily focused on
counselling), printed materials (i.e., mailing brochures without brief advice or counselling), and
web-based (i.e., at least one main component 1s web-based). These were then listed in

chronological order. The following questions were asked:

a) What is an SDT-based intervention?;

b) Which constructs based on the SDT model are amenable to change during an SDT-
based intervention?;

c¢) Are the significant effects on SDT constructs associated with significantly improved
physical activity outcomes?; and

d) What are the gaps in the SDT-based intervention literature?
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a) What is an SDT-based intervention?

Most SDT-based interventions consisted of either autonomy or need support. Deci et al.
(1994) described three core components of autonomy support: 1) providing choices in activities
while avoiding pressure or controlling language, 2) offering meaningful rationale concerning an
activity, and 3) acknowledging feelings or expressing empathy in relation to engaging in an
activity. Autonomy or need support were synonymously or nearly synonymously described in
nine of the 12 interventions: six interventions were named autonomy-supportive (Duda et al.,
2014; Fortier et al., 2007; Jacobs & Claes, 2008; Mildestvedt et al., 2008; Moustaka et al., 2012;
Silva et al., 2010), and three interventions were named need-supportive (Patrick & Canevello,
2011; Van Hoecke et al., 2014; Van Hoecke et al., 2013), although there were some variations in
these descriptions. For instance, Silva et al. (2010), described six components of their autonomy-
supportive environment (i.e., intervention) that included the provision of choice or menu of
options with no pressure or demands, presenting a clear rationale, encouragement in exploring
goals and values, and providing positive feedback while acknowledging feelings (i.e., empathy)

that competence increases through objective success.

Although three out of 12 interventions used neither the terms autonomy- nor need-
supportive to describe their SDT-based interventions (Edmunds et al., 2008; Friederichs,
Oenema, et al., 2014; Levy & Cardinal, 2004), Duda et al. (2014), in their literature review, used
the term ‘need-support’ to describe Edmunds et al. (2008) SDT-based intervention. This
intervention consisted of autonomy support (choice, rationale, acknowledgement of others’
perspectives [i.e., empathy]), structure (e.g., setting clear goals and providing feedback), and
interpersonal involvement (e.g., demonstration of interest in the other in an autonomy supportive
manner) (Edmunds et al., 2008). Overall, despite an apparent heterogeneity in the description of
SDT-based interventions, a distinguishing feature of these interventions are that they are
autonomy- or need-supportive, which generally include the three core components of autonomy

support: choice, rationale, and empathy.
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Table 5. SDT-based interventions aimed at increasing physical activity in adults

Design (n)
Author / ;I};ZHOW P Population Experimental group (EG) / Effect of the SDT-based intervention on
Country Outcome / Sex Control group (CG) SDT variables and on physical activity
Supervised exercise PAS* CM AM PC PA
(Edmunds et Cluster Healthy = EG: SDT-based, 10 weekly (+) Amot(0) IDN@©0) (+) (+)
al., 2008) UK RCT young sessions of aerobics EXT (0) INTG (0)
(56) adults CG: Regular coaching, 10 INTRO (0) IM (0)
10 weeks 100% weekly sessions of aerobics
Attendance female
(Moustaka et Non- Healthy  EG: SDT-based, 24 exercise  (+) Amot(-) IDNH) () ()
al., 2012) RCT adults classes in 8 weeks EXT (-) IM (+)
Greece (35 100% CG: Regular coaching, 24 INTRO (+)
13 weeks female exercise classes in 8 weeks
Attendance
Face-to-face or phone counseling
(Fortier et al., RCT Sedentary EG: SDT-based (intensive):  (+) NA (+) o) )
2007) (120) adults 6 individual sessions in 12
Canada 13 weeks 69% weeks + behaviour change
Self-report female techniques + brief advice
CG: SDT-based (brief
advice): single 2—4 minute
individual session
(Mildestvedt RCT CAD EG: SDT-based, 4 (0) NR NR® NR (0)
etal., 2008) (176) patients  individual sessions in 24
Norway 24 months  78% months + behaviour change
Self-report M ale techniques + CG condition
CG: Group + supervised
exercise
(Silvaetal., RCT Overweig EG: SDT-based, 30 group () EXT (0) IDNH+) ) D)
2010) (239) ht adults  sessions in 12 months + INTRO (+) IM(+)
Portugal 12 months  100% behaviour change
Pedometer  fomale  techniques
CG: Health education but
not on PA, 29 sessions in 12
months
(Van Hoecke Non- Sedentary EG: SDT-based, 5 NA NA () (+) (+0)
etal.,2013) RCT adults individual sessions in 4
Belgium (126) 52% months (including email) +
1 year  female behaviour change
Self-report techniques

CG: No intervention
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Design (n)

Author / ff;ﬂbw'“p Population Experimental group (EG) / Effect of the SDT-based intervention on
Country Outcome / Sex Control group (CG) SDT variables and on physical activity
PAS® CM AM PC PA
(Dudaetal., Cluster Adults EG: SDT-based, 4 (0) NR NR®  NR?* (0)
2014) UK RCT with individual sessions in 3
(347) cardiac months + behaviour change
6 months risk techniques
Self-report  factors CG: Usual care advice, 1
73% session plus as needed
female within 3 months
(Van Hoecke RCT Sedentary EGi: SDT-based, individual NA NA 0) NR* (0)
etal., 2014) (442) older sessions every 10 days in 10
Belgium 1 year  adults weeks + behaviour change
Pedometer ~67% techniques + CG condition
female EG;: Competence-based, 15
minute session + walking
program + CG condition
CG: Referral to PA
resources, 15 minute session
+ booklet
Printed materials
(Levy & RCT Sedentary EGi: SDT-based, PA NA Amot(0) IDN () (0) (0)
Cardinal, (185) adults brochure + behaviour EXT (0) INTG (0)
2004) USA 2 months 68% change techniques + booster INTRO (0) IM (0)
Self-report female EGa: SDT-based, PA
brochure + behaviour
change techniques
CG: Regular educational PA
brochure
Web-based
Jacobsand  RCT Healthy  EG: PreCardio TPB/SDT- NR NR NR® NR (0)
colleagues (314) adults and web-based + traditional
(2011) 12 months  67% coaching + behaviour
Belgium Self-report male change techniques + CG
condition (TPB, SDT, stages
of change)
CG: Usual care face-to-face
advice + generic website
(Patrick et RCT Sedentary EG: SDT-based tailored NA NR NR® NR NR
al., 2012) abstract adults personal trainer (CPT),
USA (197) seven weekly sessions + Only conference abstract reported
7 weeks behaviour change
Self-report techniques

CG: Tailored CPT non-
SDT, lacking needs-support
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Design (n)

Author / ff;ﬂbw'“p Population Experimental group (EG) / Effect of the SDT-based intervention on
Country Outcome / Sex Control group (CG) SDT variables and on physical activity
PAS® CM AM PC PA
(Friederichs, RCT Sedentary EGi: I MOVE SDT- and NA NR NR NR NR
Oenema, et protocol adults web-based, four sessions +
al., 2014) (600) behaviour change RCT protocol
Netherlands 12 techniques (mainly
months Motivational Interviewing)
Self-report EGa:: Other web-based
intervention using SCT,
TTM and TBP

CG: Watitlist

Note 1. Studies listed in chronological order; AM = autonomous motivations; Amot = amotivation; CAD = coronary artery
disease; CM = controlled motivations; EXT = external motivation; IDN = identified motivation; IM = intrinsic motivation;
INTG = integrated motivation; INTRO = introjected motivation; n = sample size at randomization; Non-RCT = Non-
randomized controlled trial with control group; PA = physical activity; PAS = perceived autonomy support; PC = perceived
competence or self-efficacy; RCT = randomized controlled trial; SCT = Social Cognitive Theory; SDT = Self-
Determination Theory; TPB = Theory of Planned Behavior; and TTM = the Transtheoretical Model.

Note 2. Retained effects on SDT variables were those closest to immediate post-intervention (preferred) to show change in
these variables during intervention duration. Effects on physical activity outcomes were at the furthest follow-up preferring
the objective measure over self-report if both were reported.

Table legend:
(+) = significant positive effect in favour of the EG p < .05;
(-) = significant negative effect in favour of the EG p <.05;
(0) = no significant effect p > .05;
(+/0) = significant effect in two out of four of the physical activity outcomes;
NA = variable not assessed or no planned assessment in protocol; and
NR = variable assessed but effect of the intervention on this variable not reported.

aPerceived competence was measured but its results were not reported, but rather included in a composite score of needs
support (perceived autonomy, competence, and relatedness).

°The association between autonomous motivations and other variables were reported, but the effect of the intervention on
autonomous motivation was not reported.

°The measures retained for perceived autonomy support (PAS) assessed choice, rationale and empathy, which were mainly
drawn from the commonly used health care climate questionnaire.

In parallel, five studies described the consistency between their autonomy or need-
supportive intervention, and the principles of Motivational Interviewing (Duda et al., 2014;
Fortier et al., 2007; Friederichs, Oenema, et al., 2014; Van Hoecke et al., 2014; Van Hoecke et
al., 2013). Motivational Interviewing, a patient-centered counselling approach developed by W.

R. Miller and Rollnick (1991), is orientated towards supporting autonomy and self-efficacy (or
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confidence) through a collaborative and empathic approach, and considered consistent with SDT
by several authors not part of the present literature review (Markland, Ryan, Tobin, & Rollnick,

2005; Patrick & Williams, 2012; Vansteenkiste, Williams, & Resnicow, 2012).

In the counselling, printed material, and web-based interventions, the SDT-based
interventions were combined with a variety of behaviour change techniques, and the control
conditions had no behaviour change techniques (an exception was Patrick and Canevello [2011]
who included behaviour change techniques in both the SDT and control conditions). Behaviour
change techniques refer to goal setting, self-monitoring, action planning and other techniques,
which can readily be found in the work of Michie et al. (2011). The autonomy or need support
influenced the manner in which the behaviour change techniques were communicated to patients.
The combination of autonomy or need support with behaviour change techniques was expected

to positively influence change in SDT constructs or variables and physical activity outcomes.

b) Which constructs based on the SDT model are amenable to change during an SDT-based

intervention?

Nine studies were retained to answer this question because they reported the effect of
their SDT-based intervention on one or more constructs based on the SDT model in Figure 3
(Duda et al., 2014; Edmunds et al., 2008; Fortier et al., 2007; Levy & Cardinal, 2004;
Mildestvedst et al., 2008; Moustaka et al., 2012; Silva et al., 2010; Van Hoecke et al., 2014; Van
Hoecke et al., 2013). Retained effects on SDT constructs were those closest to immediate post-

intervention (if possible) to show change in these constructs during the intervention.

Among these nine studies, either no SDT constructs or variables were improved by the
SDT-based intervention in four studies (Duda et al., 2014; Levy & Cardinal, 2004; Mildestvedt
et al., 2008; Van Hoecke et al., 2014), or at least two SDT constructs or variables were
significantly improved in five studies (Edmunds et al., 2008; Fortier et al., 2007; Moustaka et al.,
2012; Silva et al., 2010; Van Hoecke et al., 2013).

Among these five studies, four measured perceived autonomy support, and all found
significant improvements on this construct (Edmunds et al., 2008; Fortier et al., 2007; Moustaka
et al., 2012; Silva et al., 2010). Autonomous motivations and perceived competence or self-
efficacy were measured in all five studies, and four found significant improvements on

autonomous motivations (Fortier et al., 2007; Moustaka et al., 2012; Silva et al., 2010; Van
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Hoecke et al., 2013), and four found significant improvements on perceived competence or self-
efficacy (Edmunds et al., 2008; Moustaka et al., 2012; Silva et al., 2010; Van Hoecke et al.,
2013). In contrast, three of the five studies measured various controlled motivation subtypes, and
contrary to what is posited in SDT, none found consistent significant reductions in all these
subtypes (Edmunds et al., 2008; Moustaka et al., 2012; Silva et al., 2010). Specifically, no effect
on controlled motivations was found in Edmunds et al. (2008), and mixed effects were found in
Moustaka et al. (2012) and Silva et al. (2010). Among the mixed effects, higher levels of
introjected motivation (instead of lower levels) in favour of the SDT-based interventions were
found (Moustaka et al., 2012; Silva et al., 2010), along with no significant differences (instead of
lower levels) in external motivation (Silva et al., 2010). Therefore, it appears that perceived
autonomy support, autonomous motivations, and perceived competence (or self-efficacy), are
consistently influenced by SDT-based interventions, however, effects on controlled motivations
were inconsistent suggesting that these may be less amenable to change during an SDT-based

intervention.

¢) Are the significant effects on SDT constructs associated with significantly improved

Pphysical activity outcomes?

The same nine studies were retained to answer this question. Retained effects on physical
activity outcomes were those that were objectively measured when available, and at the furthest
follow-up. All five out of nine studies demonstrating significant improvements on physical
activity outcomes as a primary or secondary measure were the same five that found significant
improvements in at least two SDT constructs (Edmunds et al., 2008; Fortier et al., 2007,
Moustaka et al., 2012; Silva et al., 2010; Van Hoecke et al., 2013). Therefore, in general, the
significant effects on SDT constructs in these studies were also associated with significantly

improved physical activity outcomes.

Among these five interventions, the strongest evidence was by Silva and colleagues due
to its large sample size, in an RCT, testing nearly equivalent intensity interventions, on a long-
term objectively measured physical activity outcome, steps per day (Silva et al., 2011; Silva et
al., 2010). Specifically, they tested in 239 overweight women, a year-long SDT-based group
intervention combined with behaviour change techniques, on body weight over three years as the

primary outcome and steps per day as a secondary outcome at one year compared to a general
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health education intervention. Participants in the SDT-based intervention obtained significantly
greater steps per day at one year (9,902 [EG] versus 7,852 [CG], p <.001) (Silva et al., 2010), as
well as significantly greater decreases in body weight at three years (-3.9% [EG] versus -1.9%
[CG], p =.04) (Silva et al., 2011).

In four of these five interventions, evidence was however weaker due to a lack of sample
size estimate (Edmunds et al., 2008; Fortier et al., 2007; Moustaka et al., 2012), or a lack of
randomization (Moustaka et al., 2012; Van Hoecke et al., 2013). Despite these limitations, three
of these four studies found significant improvements in physical activity (Edmunds et al., 2008;
Fortier et al., 2007; Moustaka et al., 2012), and one found mixed results (Van Hoecke et al.,
2013). The mixed result was found in the non-RCT (n = 126 sedentary adults) by Van Hoecke et
al. (2013) who tested a four-month SDT-based face-to-face, phone counselling intervention on
self-reported physical activity composite scores compared to no-intervention. Over four and 12
months, significantly greater increases were found in favour of the EG in strenuous (p <.01), and
in total physical activity (p <.001), although no significant change over time was found in mild
(p > .05) or in moderate-intensity physical activity (p > .05). The authors explained these mixed
results may be from the coaches’ counseling that encouraged more highly structured and higher
intensity physical activity rather than mild or moderate-intensity. In summary, methodological
limitations in four of these five studies indicate a need for future RCTs testing SDT-based

interventions on SDT constructs or variables and on objective physical activity outcomes.

In contrast, the remaining four out of nine studies found non-significant effects on both
SDT constructs and physical activity outcomes due to lack of intervention intensity, lack of
differences in perceived autonomy support between groups, or lack of sufficient difference in
intervention content between groups (Duda et al., 2014; Levy & Cardinal, 2004; Mildestvedt et
al., 2008; Van Hoecke et al., 2014). Levy and Cardinal (2004) tested in an RCT (n = 185
sedentary adults) three print-based conditions: 1) an SDT-based physical activity print brochure
with booster postcard EGi, 2) an SDT-based physical activity print brochure without booster
EGz, and 3) a publicly available educational physical activity brochure CG. No effect between
groups over time on self-reported physical activity was found in separate analyses of males and
females (no p value reported). Levy and Cardinal suggested that the lack of effect between

groups may have been due to low adherence in completing the behaviour change worksheets in
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the SDT-based brochures, and due to a lack of intensity of the SDT-based interventions to

influence change in physical activity outcomes.

Duda et al. (2014) tested in a cluster RCT two counselling conditions in 13 centres of 347
mainly overweight or obese adults: 1) four SDT-based counseling sessions within three months
EG, and 2) one usual care advice session within three months CG. They found no significant
differences between groups in change in moderate to vigorous physical activity at six months (p
=.93). Duda et al. suggested that the two conditions (SDT-based versus usual care advice) did
not differ sufficiently on the autonomy support provided during the coaching to influence a
significant difference between groups on physical activity outcomes, as they found high levels

(results not reported) of perceived autonomy support in both groups.

Van Hoecke et al. (2014) tested in an RCT three counselling conditions in 442 sedentary
adults 60 years and older: 1) SDT-based counselling sessions every 10 days in 10 weeks EG1, 2)
one 15-minute competence-based walking program EG3, and 3) one usual care 15-minute session
focused on referrals to community resources for physical activity CG. They found no significant
differences in the effects between the three comparison groups in change over time (at 10 weeks
and one-year post-intervention) in steps per day (p =.129). However, whereas the participants
had minimal significant within-group increases in steps per day at one year in the EG; (p = .023)
and EG: (p = .018), no change was found in the CG (p = .875). The lack of differences between
the two experimental groups is explained by the provision of the same structured physical
activity plans in both EG1 and EG> (Van Hoecke et al., 2014). Therefore, the content between the
experimental groups were not substantially different to produce a significant effect in favour of

the SDT-based intervention.

Finally, Mildestvedt et al. (2008), the only RCT that tested the SDT-based intervention in
a CAD population found no significant effects on a self-reported physical activity composite
scores (exercise p =.66, physical capacity p = .56, and exercise intensity p =.67). This RCT (n =
176) tested two counselling modalities: 1) four SDT-based counselling sessions in twenty-four
months plus usual care EG, and 2) a usual care four-week daily exercise and information in
group sessions CG. The non-significant effect suggests that the addition of one counselling
modality (SDT-based individual counselling) was insufficient to influence a significant

difference over group counselling and supervised exercise alone on self-reported physical
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activity. Also, Mildestvedt et al. proposed that a possible explanation to the lack of effect was
that some level of autonomy support was also provided in the CG as no differences between
groups (EG versus CG) were found in perceived autonomy support (p not reported). Mildestvedt
et al. nevertheless found that increases in autonomous motivations and self-efficacy, and
decreases in controlled motivations significantly predicted increases in physical activity in the

entire CAD sample.

Although caution in interpretation is warranted, as no firm conclusions can be drawn
from our qualitative review, some highlights are suggested. In consideration of these nine
studies, interventions successful at influencing positive changes in perceived autonomy support,
autonomous motivations, and perceived competence (or self-efficacy) may be sufficient to
significantly improve physical activity outcomes despite inconsistent effects on controlled
motivations. However, there is a lack of evidence in the five successful SDT-based interventions
as only one RCT objectively measured physical activity behaviour (i.e., steps per day) in an
adequately powered trial. The four SDT-based interventions yielding no significant effects on
SDT constructs and on physical activity outcomes lacked sufficient differences between groups
in intervention intensity, in perceived autonomy support, or in intervention content. Therefore,
there is a need for an adequately designed RCT testing an SDT-based intervention with sufficient
intensity and content to influence improvements in SDT constructs, and improvements in an

objectively measured primary outcome of physical activity.
d) What are the gaps in the SDT-based intervention literature?

Three gaps in the SDT-based intervention literature are identified, which include the
potential of targeting barrier self-efficacy, perceived autonomy support from a significant other,
and the potential effect of web- and SDT-based interventions on SDT constructs and physical
activity outcomes. First, barrier self-efficacy has received little attention in the SDT-based RCTs
because perceived competence rather than self-efficacy is generally considered in SDT.
However, barrier self-efficacy could also be a potential target in physical activity interventions in
CAD because barriers to physical activity are reported by CAD patients in qualitative literature
(Fleury et al., 2004; Rogerson et al., 2012), and because a systematic review by Petter,
Blanchard, Kemp, Mazoff, and Ferrier (2009) (n = 121 studies) found that self-regulatory self-

efficacy (a broad term that includes both confidence in overcoming barriers, and confidence in
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planning exercise) was consistently associated with increased exercise levels in CAD patients.
These data suggest the potential of targeting barrier self-efficacy by an intervention also in ACS

patients.

Second, perceived autonomy support from a significant other such as a spouse, friend, or
acquaintance, has also received little attention in the SDT-based RCTs. The positive association
between perceived autonomy support from significant others and physical activity outcomes is
supported in two cross-sectional studies in healthy females (Rouse et al., 2011; Wilson &
Rodgers, 2004). A pilot-RCT (n = 32) testing the effect of SDT-based counselling on self-care in
heart-failure patients found a higher level of patients’ perceived autonomy support from
caregiver (or significant other) in the intervention group compared to the control group at one
month follow-up, but the difference between groups was not significant (Belaid, 2012). Although
these results remain inconclusive because of the small sample size, a larger sized study may have
detected a significant difference. Taken together, these data suggest the potential of targeting

perceived autonomy support from a significant other by an intervention also in ACS patients.

Finally, conclusions concerning web- and SDT-based interventions are limited as only
three RCTs were found, and none reported both effect of the intervention on physical activity
outcomes and on SDT constructs. The three RCTs were: PreCardio, a Belgian intervention
(Jacobs, De Bourdeaudhuij, et al., 2011; Jacobs, Hagger, Streukens, De Bourdeaudhuij, & Claes,
2011), Computerized Personal Trainer (CPT), an American intervention reported in a methods
paper and abstract (Patrick & Canevello, 2011; Patrick et al., 2012), and | MOVE, a Dutch RCT

currently in progress (Friederichs et al., 2013; Friederichs, Oenema, et al., 2014).

Web- and SDT-based interventions represent a novel approach to theoretical grounding in
the web-based physical activity literature. Current evidence shows support for direct or indirect
positive associations between autonomous motivations and physical activity outcomes.
Specifically, Patrick and colleagues (CPT) (n = 197) reported in their conference abstract that
increases in autonomous motivations directly predicted greater levels of daily exercise intensity
and frequency in young adults who were insufficiently active (p <.001) (Patrick et al., 2012).
Patrick and colleagues, however, have not yet reported the effect of their CPT intervention on
physical activity outcomes, according to our communication with the authors. Jacobs and

colleagues (PreCardio) (n = 236) found that increases in autonomous motivations predicted
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increases in intentions toward performing physical activity, and in turn predicted greater levels of
minutes per week of self-reported physical activity in highly educated healthy adults (p <.05)
(Jacobs, Hagger, et al., 2011). Therefore, Jacobs and colleagues demonstrated an indirect
association between autonomous motivations and a physical activity outcome. However, in
another report of the same RCT, Jacobs, De Bourdeaudhuij, et al. (2011) (n = 252) found no
differences in change between baseline (343 [EG] versus 352 [CG]) and six months (353 [EG]
versus 351 [CG]) or in differences between groups in minutes per week of self-reported physical
activity (p = .14). Jacobs, De Bourdeaudhuij, et al. suggested that this lack of effect may be
explained in part by too many choices in intervention content and mode of delivery presented,
which resulted in participants receiving suboptimal intervention doses (e.g., only 10% visited the
website section dedicated to moderate-intensity physical activity). Another consideration in
PreCardio was that it was not only based on SDT, but also on other theories of behaviour change

(see Table 5).

Friederichs and colleagues (I MOVE), an RCT in progress (Friederichs, Oenema, et al.,
2014), argued that current RCTs based on Social Cognitive Theory, the Transtheoretical Model,
and Theory of Planned Behavior are limited by the lack of testing the construct of autonomous
motivations from SDT, given its solid relationship with physical activity (Friederichs, Oenema,
et al., 2014). The use of autonomous motivations, consisting of three variables (identified,
integrated, and intrinsic), in tailoring allows targeting motivation along a degree of relative
autonomy, from the lowest (identified) to the highest (intrinsic) degree, rather than treating
motivation as a single variable. Web-based interventions may therefore provide a new avenue

through which SDT can produce efficacious results.

In summary, we retained the following SDT constructs to be targeted by the proposed
intervention: perceived autonomy support from a web-based tailored nursing intervention and
from a significant other, autonomous motivations (identified, integrated, and intrinsic), and

confidence (perceived competence, and barrier self-efficacy).
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Delineate the integrated framework with its intervention strategies

Integrated framework

We conceptualized an integrated framework consisting of SBNC and SDT such that
insufficiently active CAD patients will be helped to increase their physical activity levels
through an SBNC approach to nursing practice that specifies nursing values, and through SDT

on human motivation that specifies three theoretical constructs to be targeted by intervention

strategies, and to drive the tailoring process (Figure 5).

Eight Strengths-Based Nursing Care (SBNC) Values
Health and healing | Uniqueness of the person | Holism and embodiment

Objective/subjective reality and created meaning | Self-determination | Person and environment are integral

Learning, readiness, and timing | Collaborative partnership between nurse and person

Self-Determination Theory (SDT) variables

Perceived
Autonomy Support

. . Integrated

Autonomous Motivation

|

Confidence

)

target T

target T

T target

Tailored Nursing Intervention
SBNC | SDT

Global Strategies from an
Autonomy Supportive Intervention (ASI)

};‘ « Being collaborative
% « Being strengths-focused

« Providing choices
« Offering rationale
. Expressing empathy

Intervention Strategies

SDT

vl

1A
integrated

Specific Strategies from the
SDT physical activity literature tailored on

autonomous motivation, perceived competence,

and walking behaviour
1. Providing information and feedback on
walking behaviour
2. Exploring reasons to increase walking
behaviour
3. Exploring strengths
4. Developing an action plan

The eight SBNC values are listed within a grey box that surrounds the illustration

Figure 5. The integrated theoretical framework

because we propose that the SBNC values serve as a backdrop for the entire intervention. This
means that SBNC influenced our overall choices such that the proposed intervention overall aims
at attaining consistency with SBNC values. For instance, ‘Holism and embodiment,” means that
nurses view patients in their entirety or as an integrated whole. This view influenced our

approach to conceptualize the intervention framework and strategies to represent an integrated
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whole. Also, the SBNC value of ‘Self-determination’ influenced our consideration of retaining
SDT as the theory used to provide the theoretical constructs explaining change in physical
activity behaviour, to be targeted by the intervention strategies, and to tailor the intervention
(upper-mid section of Figure 5). Considering the retained SDT constructs, perceived autonomy
support from a significant other is consistent with the SBNC value, Person and environment are
integral, because social interactions with family, spouse, or a significant other are integral to the
person’s environment and nurses can intervene on this construct to create environments that
foster health and healing. In addition, the notions of autonomy, competence, and self-efficacy are
found in the SBNC values of ‘Self-determination,” and ‘Collaborative partnership between nurse

and person.’

The bottom section of Figure 5 presents the Tailored Nursing Intervention. Tailoring was
retained because of the paucity of tailored interventions in the web-based CAD RCT literature,
and because tailored interventions in general are consistent to the SBNC values of ‘Uniqueness
of the person.” Tailoring addresses notions of uniqueness because it can individualize the
intervention based on assessments of patients’ qualities or strengths such as motivation,
confidence, behaviour and choices rather than providing the intervention as a generic ‘one size
fits all’ approach. As such, tailoring may help customize the proposed intervention to patients’
individual differences or uniqueness. Therefore, one general implication of tailoring is that
intervention strategies received by patients will depend on assessments of their motivation,

confidence, behaviour and choices.

An SBNC ‘way of being’ is manifested in the intervention strategies through non-verbal
and verbal behaviours. Non-verbal behaviours include tone of voice that is nuanced based on the
type of message being conveyed. Non-verbal behaviours also include body language such as a
welcoming smile or a sincere non-judgmental expression. Verbal behaviours are also part of the
SBNC ‘way of being,” and are manifested by the intervention strategies. Intervention strategies
are divided between the global strategies from an Autonomy Supportive Intervention (ASI)
(bottom-left), and the specific strategies from the SDT physical activity literature (bottom-right).
Overall, the SBNC ‘way of being’ underpins the nurse’s non-verbal and verbal behaviours, and

in turn facilitates a collaborative partnership between the nurse and patients.

75



Intervention strategies

The intervention strategies retained are divided among global and specific strategies.
These strategies together are proposed to produce the desired changes in the three retained SDT

constructs of perceived autonomy support, autonomous motivation, and confidence.

Global strategies

The term Autonomy Supportive Intervention (ASI), was retained to denote the global strategies.
Drawing from the Concept Analysis Article reported in Section 1 (Kayser, Cossette, & Alderson,
2014), we propose five global strategies from an ASI: Being collaborative, Being strengths-

focused, Providing choice, Offering rationale, and Expressing empathy (Table 6).

Table 6. Global strategies from an autonomy supportive intervention (ASI)

Global strategies Definition

Being collaborative Refers to sharing power in an interpersonal interaction between the
health care professional and patient where the professional’s aim is
to engage patients in a collaborative and active process toward
health related goals

Being strengths-focused Refers to the action of identifying, exploring and providing
feedback on clients’ strengths (e.g., personal qualities, capacities,
values, and goals)

Providing choices Refers to providing choice(s) to the individual in health behaviour
changes and strategies without coercion or the use of controlling
language such as ‘should’ and ‘must’

Offering rationale Refers to offering meaningful and factual information (or
recommendations) to the individual in a neutral manner

Expressing empathy Refers to expressing empathy, which is the expressed
acknowledgment towards the patient’s perspective, feelings, and
opinions

These global strategies from an ASI represent a ‘way of being’ such that they interact
with the specific strategies influencing how the specific strategies are presented to CAD patients.

Global strategies from an ASI can be thought of as the fabric in which the entire intervention
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content is woven, and taken together represents an integrated whole (i.e., two-way arrows

between global and specific strategies).

The global strategies from an ASI are consistent to the SBNC values of “Self-
determination,” and ‘Collaborative partnership between nurse and person.” Because the global
strategies Providing choices, Offering rationale, and Expressing empathy all aim at fostering
autonomy, they are linked to the value of ‘Self-determination.” These three global strategies are
also consistent with a collaborative approach, and hence speak to the value of ‘Collaborative
partnership between nurse and person.” Because the global strategies Being collaborative and
Being strengths-focused foster both autonomy and self-efficacy, they are consistent with both
values of ‘Collaborative partnership between nurse and person,’ and ‘Self-determination.’ In
addition, Expressing empathy is also consistent with the SBNC value ‘Objective/subjective
reality and created meaning’ because patients’ subjective realities must be understood to express

empathy.

Specific strategies and behaviour change techniques

Specific strategies represent a grouping of one or more behaviour change techniques that
are communicated to ACS patients by the nurse. The behaviour change techniques were retained

through two main iterative processes.

First, to identify behaviour change techniques aimed at influencing one or more of the
three SDT target constructs (perceived autonomy support, autonomous motivation, and
confidence), we reviewed the SDT body of literature which consisted of nine RCTs testing SDT-
based physical activity interventions (face-to-face and web-based) (Duda et al., 2014; Fortier et
al., 2007; Friederichs, Oenema, et al., 2014; Jacobs, De Bourdeaudhuij, et al., 2011; Mildestvedt
et al., 2008; Patrick & Canevello, 2011; Silva et al., 2010; Van Hoecke et al., 2014; Van Hoecke
et al., 2013). In addition, Teixeira et al. (2012), a review of SDT-based studies that were mainly
observational and fewer RCTs, was reviewed because they specified a behaviour change
technique that targeted intrinsic motivation. This body of literature was the main source of
identified behaviour change techniques. Some examples include feedback on physical activity
performance, goal setting, and self-monitoring. Another behaviour change technique used in
SDT-based interventions was Motivational Interviewing in which the most recent work from the

original authors was reviewed (W. R. Miller & Rollnick, 2012) along with its French translation
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(W. R. Miller & Rollnick, 2013). Due to the paucity of RCTs testing SDT-based physical
activity interventions in CAD patients, we reviewed mainly CAD literature for other behaviour
change techniques adapted to this population on health benefits of physical activity (Shepherd &
While, 2012; Stone et al., 2009), barriers or facilitators to physical activity such as fatigue (Alsén
& Brink, 2013; Crane et al., 2015), low mood or depression (Lichtman et al., 2014; Rogerson et
al., 2012) (including general education material for depression screening by the Acti-Menu
Health Program [2010]), and others such as lack of time, fear of another cardiac event, social
support, reasons to become physically active or to maintain physical activity (Fleury et al., 2004;
Kérner et al., 2005; Rogerson et al., 2012), and educational materials for CAD patients
(Deschénes et al., 2009; Patenaude, Simard, Vanasse, & Verchuere, 2010). Literature on the
most popular leisure-time physical activities (i.e., walking) in the general population (Statistics
Canada, 2013), as well as longitudinal cohort data on physical activity and mortality risk (Moore
et al., 2012) were also reviewed. This process resulted in identifying 26 behaviour change
techniques and their content for the intervention focus of increasing moderate-intensity walking

up to 150 minutes per week in insufficiently active ACS patients.

Second, the behaviour change techniques found in the first process were examined in
light of personal nursing experience in health behaviour change counselling to select those that
might be used during a face-to-face nurse-patient encounter within a given context, aimed at a
particular SDT construct. We asked ourselves what behaviour change techniques might be used
for a patient who is insufficiently active after a cardiac event (context), and feels that there are
few personal reasons for increasing their walking behaviour (SDT construct: autonomous
motivation)? This process resulted in retaining 19 behaviour change techniques. The
terminologies of the 19 behaviour change techniques were made consistent with the
terminologies of the CALO-RE taxonomy (Michie et al., 2011) for physical activity and healthy

eating behaviours.
These 19 behaviour change techniques were classified under four specific strategies:

1. Providing information and feedback on walking behaviour;
2. Exploring reasons to increase walking behaviour;
3. Exploring strengths; and

4. Developing an action plan
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In summary, the intervention strategies as a whole (i.e., global strategies integrated with
specific strategies) target all three SDT constructs (vertical arrows between “Tailored Nursing
Intervention” and SDT constructs): perceived autonomy support, autonomous motivation, and
perceived competence/barrier self-efficacy. Chapter 3 presents the four specific strategies and the
19 behaviour change techniques with their links to the targeted SDT constructs. The intervention

manual (Appendix A) presents the operationalization of the intervention.
Delineate the modes of delivery and intervention dose

The goal of this literature review was to delineate the modes of delivery and intervention
dose of the proposed intervention, TAVIE en m@rche. The planned intervention is fully-

E™ is also

automated, web-based and tailored to focus on increasing walking behaviour. TAVI
primarily video-based. Therefore, modes of delivery here refer to mediums used within or
complimentary with a tailored website (using videos as a central mode of delivery), such as
online text, SMS, and others. Intervention dose refers to the number, frequency, and length of

sessions or contacts, and to the intervention duration (Sidani & Braden, 2011).

We retained the 10 web-based interventions presented in Tables 1 and 5, which combines
the CAD literature in our field, as well as SDT-based interventions. These RCTs or RCT
protocols were supplemented with reports of the interventions’ development. The modes of
delivery of these interventions are presented according to the type of content, which included
educational or motivational information, prompts, or reminders for intervention utilization,
health care professional counselling or advice and peer contact, and self-monitoring or goal
setting. In addition, we added the summaries of the interventions’ modes of delivery and dose,
duration, utilization, acceptability, and theory. These interventions are listed in chronological

order in Table 7.
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Table 7. Summary of web-based interventions

Author,
Intervention
Name,
Country

Educational
or Prompts
Motivational or

Population Information Reminders

Health care professional involvement

CAD
n =104

(Southard et
al., 2003),
Internet based
management
system, USA

Jacobs and
colleagues,
Tailored
PreCardio
intervention,
Belgium

Healthy
n=314

Modules

Tailored-text, Email
non-tailored
text

HCP
Counselling Self-
or Advice/ monitoring
(Peer / Goal  Intervention mode of delivery and dose, duration,
Contact) setting  acceptability, utilization, and theory
Phone, BP monitor, Weekly 30 min website logins from home to access
Email / results of  education modules, self-tests, interactive graphs
(Forum) entered data showing progress on entered self-reported PA and
in graphs  other clinical data. Contacts with HCP by email
through system.
Duration: 6 months
Utilization: Mean website logins: 1.8 to 2/week.
About 10.8 total hours of HCP clinical time spent.
Acceptability: EG participants rated on average
high satisfaction, helpfulness, and usability for the
Internet-based management system.
Theory: None specified
Phone, Calendars Contact with psychologist and other HCP by face-
Email, & diaries  to-face, phone, email, and forum. Website provided
Chat, information and motivational assessments for
Forum / tailoring, behaviour change techniques, calendar,
(Forum) diary, and peer forum. Dosage and choice of mode

of delivery varied based on patient preference.
Duration: 12 months

Utilization: 50% of the EG visited the tailored
website. 10% visited the PA section, “Minimove.”
Low utilization was explained by too many choices
in mode of delivery and dose

Acceptability: No data found

Theory: TPB, SDT, and stages of change
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HCP

Author, Educational Counselling Self-

Intervention or Prompts or Advice/ monitoring

Name, Motivational or (Peer / Goal  Intervention mode of delivery and dose, duration,

Country Population Information Reminders Contact) setting  acceptability, utilization, and theory

Reid et al. CAD Tailored-text Email Email Pedometer, Five online tutorials from 2 to 20 weeks (10-20

(2012), n=223  in tutorials, results of  minutes each) post-hospital discharge. Tailored

Tailored print booklet entered data feedback on tutorials, tailored feedback on steps per

CardioFit in graphs  day, and tailored PA plan. Behaviour change

intervention, techniques included goal setting, and self-

Canada monitoring. Non-tailored email reminders. Emails
for “motivational feedback™ on progress, and
responding to ad lib emails. Daily PA entries on
website. After last tutorial at 20 weeks, new
tailored PA plan every 6 weeks until 50th week.
Duration: 20 weeks tutorials / 50 weeks PA plans
Utilization: 2.7 tutorials / 5. 123 emails received.
Acceptability: No data found
Theory: Self-efficacy, and social support

Devi et al. CAD Tailored-text, Email, chat Diary, Weekly contacts with HCP through chat room and

(2014), n=94 non-tailored results of  intended logins (3 to 4/week for PA, diet, emotions,

Tailored text entered data and smoking). Results on assessments of

“ActivateYour in graphs  behaviours presented in graphical format. Tailored

Heart” feedback messages on performance and goals were

intervention, established by the system. Behaviour change

England techniques included goal setting, and self-

monitoring (online exercise diary). Information
provided on several other CAD risk factors.
Duration: 6 weeks

Utilization: Mean website logins: 3/week. Those
that completed the intervention were 19 (39.6%).
Acceptability: Not measured

Theory: None specified
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HCP

Author, Educational Counselling Self-
Intervention or Prompts or Advice/ monitoring
Name, Motivational or (Peer / Goal  Intervention mode of delivery and dose, duration,
Country Population Information Reminders Contact) setting  acceptability, utilization, and theory
Lear et al. CAD Slides Individual HR & BP  Data entry of PA and clinical data (1 to 2/week to
(2014), n=78 chat, email / monitor, 1/month). One-on-one chat sessions with HCPs (3
Internet-based (Ask-the-  weight, times per participant of ~ 1-hour session in 4
cardiac expert glucose, months) plus monthly ask-the-expert group chat
rehabilitation group chat and other  sessions (60 min/session). Weekly slide
program forum) blood tests presentations. Biweekly upload of self-reported PA
(vCRP), and other data at other frequencies. Ad lib emails.
Canada Duration: 4 months
Utilization: Total mean website logins = 27 (we
calculated about 1.7 per week). Mean 3.6 chat
sessions with each participant using between 2.4 to
2.7 hours of HCP time per patient.
Acceptability: Positive feedback on vCRP was
reported based on qualitative interviews (z = 19) in
which participants reported feeling more confident
due to the support from the HCP and information
received during the intervention.
Theory: None specified
Mobile phone
Maddison and CAD Non-tailored Pedometer Three to 5 SMS per week: 118 total. Personalized
colleagues n=171  text, video, SMS content included exercise prescription, tips,
HEART SMS and 'motivational' messages (Maddison et al.,
intervention, 2011). Encouraged 1/week website views for
New Zealand videos of peer role models (30-60 seconds each),

and other features such as self-monitoring, advice
on PA and diet, and links to other website
resources. Total estimated time: 10 min/week.
Duration: 24 weeks
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Author,
Intervention
Name,
Country

Antypas and
Wangberg
(2014),
Tailored
mobile and
web-based
intervention,
Norway

Population Information Reminders

CAD
n=:69

Educational
or Prompts
Motivational or

Tailored-
SMS,
tailored-text,
non-tailored
text

SMS,
email

HCP

Counselling Self-
or Advice / monitoring
(Peer / Goal
Contact) setting
(Forum) Online
calendar,
results of

Intervention mode of delivery and dose, duration,
acceptability, utilization, and theory

Utilization: 82% read some or all SMS messages;
57% viewed some or all website videos (30-60
seconds each). Mean website views: once every 2
weeks.

Acceptability: Based on pre-test data (n = 20):
SMS good but too many of them can be "nagging."
Based on qualitative focus-group data (n = 38):
including both HCP and/or peers in videos is best.
Theory: Self-efficacy

Tailored-SMS and tailored website (i.e., text) every
two weeks that were based on assessments of
theoretical variables, and personal PA goals.

entered data Behaviour change techniques such as goal setting,
in graphs

&3

and feedback on planned activities. SMS reminders.
Duration: 3 months

Utilization: Median time between first and last
login for the EG was 45 days (data for time spent
logged in was “not reliable” thus not analyzed).
Acceptability: Nearly 70% of the EG would
recommend website to friends (n = 9). EG rated
usefulness as “yes” in any mode of delivery ranging
between 60% and 100% (n =3 to 7).

Theory: Multiple including stages of change,
regulatory focus, Health Action Process Approach,
self-efficacy, social support, and relapse
prevention.



HCP

Author, Educational Counselling Self-

Intervention or Prompts or Advice/ monitoring

Name, Motivational or (Peer / Goal  Intervention mode of delivery and dose, duration,

Country Population Information Reminders Contact) setting  acceptability, utilization, and theory

Portal with peer support forum

Lindsay et al. CAD Non-tailored Forum Described on the European Commission website as

(2008), Hearts n=108  text (and moderation a “relaxed online meeting place...(serving) as a

of Salford links to other (Forum) gateway to information about heart disease healthy

web-based websites) living and local services.” Central features were the

portal, UK use of discussion forms and portal to other
websites, but no clear report on modes of delivery
was found. Both groups (EG and CG) were given
new computers and Internet access, but only the EG
obtained password access to the intervention
(Hearts of Salford portal), and training.
Duration: 6 months
Utilization: No data found (Qualitative data was
not focused on acceptability)
Acceptability: No data found
Theory: None specified

Tailored-videos

Patrick and Healthy  Tailored- PDA Seven weekly sessions with CPT meeting in

Canevello n=197  video research laboratory. Daily data entry of PA

(2011), behaviour in PDA.

Tailored need- Duration: 7 weeks

supportive Utilization: No data found

computerized Acceptability: No data found

personal Theory: SDT

trainer (CPT),

USA
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HCP

Author, Educational Counselling Self-

Intervention or Prompts or Advice/ monitoring

Name, Motivational or (Peer / Goal  Intervention mode of delivery and dose, duration,
Country Population Information Reminders Contact) setting  acceptability, utilization, and theory

Friederichs, = Healthy  Tailored- Email Four sessions: one every three weeks. Multiple
Oenema, etal. n=600 video tailored-videos of coach and non-tailored videos of
(2014), peers and physician. Tailored-videos of coach
Tailored 1 based on assessments used in Motivational
MOVE Interviewing.

intervention, Duration: 12 weeks

Netherlands Utilization: No data found (protocol).

Acceptability: No data found (protocol).

Theory: Integration of SDT and Motivational

Interviewing.
Notes. BP = blood pressure; CAD = coronary artery disease, HCP = health care professional; HR = heart rate; n = sample size at
randomization; PA = physical activity; PDA = personal digital assistant; SCT = Social Cognitive Theory; SDT = Self-Determination
Theory; SMS = short service message; TPB = Theory of Planned Behaviour.
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We grouped the interventions in the following categories of modes of delivery:
health care professional involvement, mobile phone, portal with peer support forum, and
tailored-videos. We considered classification into these categories according to a
prominent mode of delivery of intervention. Although, the categories are not mutually
exclusive and modes of delivery overlap across these categories, the present classification

allows for some simplification for analysis.
Health care professional involvement

We identified five interventions that had health care professional involvement as
one important mode of delivery of the web-based intervention (Devi et al., 2014; Jacobs,
De Bourdeaudhuij, et al., 2011; Lear et al., 2014; Reid et al., 2012; Southard et al., 2003).
Although one other intervention included health care professional involvement, the
amount of involvement was unclear, and it better fit the category of ‘portal with peer
support forum’ (Lindsay et al., 2008). In these five interventions, health care professional
involvement consisted of contacts by phone, email, chat or forum involving health
behaviour change counselling or advice that exceeded technical support for the web-
based system. The intervention dose of these contacts varied in frequency from ad lib,
weekly, to approximately bimonthly. Two RCTs estimated time spent by health care
professionals. Southard et al. (2003) estimated a total of 10.8 hours or about 25 minutes
spent per patient among all health care professionals including time spent in monthly
team meetings in the six-month Internet based management system. Lear et al. (2014)
reported an average of 2.4, 2.6, and 2.7 hours spent per patient with nurses, dieticians,
and exercise specialists respectively for a total of less than 8 hours of staff time per
patient in the four-month vCRP. One intervention reported the number of emails received
by health care professionals. Reid et al. (2012) reported 123 emails were received
concerning questions on how to exercise, when is it safe to exercise, intervention

utilization, symptoms, and other information unrelated to the CardioFit intervention.

Identified in three of these five interventions was the use of educational online
formats such was modules, tutorials, and slides that were delivered from weekly to
bimonthly (Lear et al., 2014; Reid et al., 2012; Southard et al., 2003). The duration of

four of these five interventions were 4 months or greater (Jacobs, De Bourdeaudhuij, et
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al., 2011; Lear et al., 2014; Reid et al., 2012; Southard et al., 2003). Only Devi et al.
(2014) tested a six-week intervention. Therefore, an overall implication of these
interventions included patients’ commitment to maintaining contact with health care

professionals, peers and educational materials provided through the web-based system.

Three of these five interventions were tailored (Devi et al., 2014; Jacobs, De
Bourdeaudhuij, et al., 2011; Reid et al., 2012). In the “ActivateY ourHeart” intervention
by Devi et al. (2014), tailored feedback on behavioural performance using graphical
illustrations was provided, as well as tailored goal setting based on assessments of
behavioural performance and on goals in physical activity and in smoking. In the other
two interventions (Jacobs, De Bourdeaudhuij, et al., 2011; Reid et al., 2012), tailored-text
on the websites was provided as users interacted with tutorials and entered data on
assessments of their behaviours such as step-count in CardioFit (Reid et al., 2012), or on
assessments based on motivation such as stage of change and autonomous motivation in
PreCardio (Claes & Jacobs, 2007). In both the CardioFit and PreCardio interventions
reminder emails were sent (i.e., non-tailored text), which included encouragement to log
in to the website in addition to motivational messages (Jacobs, De Bourdeaudhuij, &
Claes, 2010; Reid et al., 2012). Jacobs et al. (2010) found that occurrence of emails that
invited participants to visit the website, or provided motivational messages or feedback,

was associated with an increased number of logins in the PreCardio website.
Mobile phone

The use of automated SMS delivered by mobile phone, in addition to a website
was identified in two out of 10 RCTs (Antypas & Wangberg, 2014; Maddison et al.,
2015). Both of these two interventions were fully automated (i.e., no health care
professional involvement) (Antypas & Wangberg, 2014; Maddison et al., 2015). SMS
frequency ranged between every two weeks in three months (Antypas & Wangberg,
2014), and three to six per week in 24 weeks (Maddison et al., 2015). Although
Maddison et al. (2015) reported high adherence to viewing some or all SMS (82%), the
CAD patients in the pre-test study warned that receiving “too many” SMS could be
“nagging” (Pfaeffli et al., 2012, p. 6).
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In addition to SMS, CAD patients in the HEART intervention had access to non-
tailored educational videos on the website (Maddison et al., 2015). Based on their pre-test
study testing brief 30 to 60 second videos, Pfaeffli et al. (2012) concluded that highest
acceptability may be achieved by providing a mix of health care professionals or peers
educational videos. In addition, the HEART intervention retained access to videos via
website only, rather than both website and mobile phone, because Pfaeffli et al. found

that CAD patients were not confident enough to access videos by mobile phone.

The intervention of Antypas and Wangberg (2014) provided tailored messages by
SMS and online text based primarily on assessments of self-reported intention to increase
physical activity within a given time-frame (or stage of change). Other theoretical
constructs, such as self-efficacy, were assessed to tailor the message further within a
particular stage of change. Moreover, whereas the intervention included a peer support
forum, it was also present in the control group, thus not a distinguishing mode of delivery

of the experimental group.
Portal with peer support forum

Another intervention, the Hearts of Salford, was described as a web-based health
portal. However, little information on the details of this intervention was reported.
Overall, it was mainly focused on peer support via an online discussion forum
(moderated by health care professionals), and supplemented with health information

within the portal and links to public websites (Lindsay et al., 2008).
Tailored-videos

Tailored-videos refers to tailored messages provided through pre-recorded videos.
The use of tailored-videos of a coach or personal exercise trainer was identified in two
out of 10 RCTs (Friederichs, Oenema, et al., 2014; Patrick & Canevello, 2011). These
two interventions mainly relied on tailored-videos, rather than relying on other modes of
delivery, and had no health care professional involvement (i.e., were fully automated).

Notably, tailored-videos were not found in the web-based CAD literature.

Friederichs, Oenema, et al. (2014) (I MOVE, RCT in progress) argued that using

tailored-videos of a real person rather than an animated representation of a person may

88



address relational aspects in web-based interventions because users see a face
demonstrating facial expressions during message delivery. Friederichs, Oenema, et al.’s
suggestion in using videos of a real person was based on their past work that tested three
conditions in an RCT: 1) a Motivational Interviewing intervention (without SDT)
involving tailored-videos of an animated coach, 2) an identical intervention without the
video-coach using tailored-text only, and 3) a no-intervention control group (Friederichs,
Bolman, Oenema, Guyaux, & Lechner, 2014). Although significantly greater increases in
physical activity were found in either the tailored-videos or the tailored-text interventions
compared to the no-intervention control group, no differences were found between either
intervention (i.e., tailored-videos versus tailored-text) (Friederichs, Bolman, et al., 2014).
Friederichs, Oenema, et al. hypothesized that tailored-videos may be more efficacious on
physical activity outcomes than tailored-text only, if the tailored-videos represent a

realistic coach, which is best implemented through videos of a real person.

In I MOVE, Friederichs, Oenema, et al. (2014) integrated SDT with Motivational
Interviewing, such that SDT was used to determine the theoretical constructs to target by
the Motivational Interviewing intervention, and to explain the intervention’s effects on
planned physical activity outcomes. I MOVE consists of sessions with tailored-videos of
a real coach every three weeks for 12 months (Friederichs et al., 2013), tailored on
assessments used in Motivational Interviewing such as rating levels of importance and
confidence towards behaviour change and a mix of multiple choice and short answer
questions consistent with this approach (Friederichs, Oenema, et al., 2014). It also
includes generic educational videos of health care professionals explaining, for instance,
the benefits of physical activity and peers stating their reasons for becoming more

physically active, and how they attained their goals (Friederichs, Oenema, et al., 2014).

Patrick et al. (2012) consisted of seven weekly sessions (i.e., seven-week
duration) with tailored-videos of a coach who provided advice on how to overcome
barriers to physical activity (Patrick & Canevello, 2011). The CPT videos were tailored
on assessments of past physical activity, current physical activity goals, and daily
assessments derived from participants’ personal digital assistants (PDA). The PDA
included assessments of physical activities, and expectations, motivation and emotion

related to performing physical activity the next day (Patrick & Canevello, 2011).
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In summary, given that the use of videos as a mode of delivery in the CAD
literature is sparse, testing our proposed intervention, which is primarily video-based,
may help advance knowledge in our field. We retained the use of tailored-videos of a real
nurse (the Virtual Nurse) and peers who provide educational and motivational
information viewed via a website. Our choice is supported by the works by Friederichs
and colleagues who suggested that the use of tailored-videos of a real person in fully
automated web-based interventions may address relational aspects in intervention
delivery. In addition, evidence shows that brief videos (< 60 seconds) of health care

professionals and peers are both appreciated (Pfaeffli et al., 2012).

Non-tailored information seems fundamental in most web-based interventions and
supplements tailored information. Therefore, non-tailored educational and motivational
information in online text or printable format, which is allowable in TAVIE™, was

retained.

Reminding patients to use the intervention may be important for intervention
utilization (Jacobs et al., 2010), and can be achieved through their preferred mode of
delivery (email or SMS), noting that too many reminders may not be appreciated (Pfaeffli

et al., 2012). Therefore, email or SMS reminders for intervention utilization was retained.

We retained a dose of approximately weekly frequency within a short intervention
duration. Although there is a paucity of RCTs in the CAD literature testing shorter
duration interventions, the video-tailored SDT-based CPT intervention tested weekly
sessions in seven weeks finding promising results (Patrick et al., 2012). We retained this
same weekly frequency, but within an intervention duration of four weeks, which is
sufficient to include intervention content guided by the integrated SBNC and SDT

theoretical framework.
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Summarize the strengths and limitations of TAVIE en m@rche

An important strength of the proposed intervention design is its grounding in a
solid theoretical framework that integrates an approach to nursing practice (SBNC) with a
theory on human behaviour (SDT). Although SBNC delineates nursing values, it does not
propose theory on health behaviour change. Although SDT provides theory on health
behaviour change, it lacks a clear set of values that may be used in the design of
interventions provided by health care professionals, namely nurses. Therefore, the
integration of SBNC and SDT allowed us to delineate the intervention strategies in a way

that could not be achieved with either SBNC or SDT alone.

One limitation is the discrete number of constructs that the intervention targets,
and therefore some efficacious intervention strategies may have been overlooked. The
results of the proposed intervention may be viewed as building blocks that could lead to
further improvements in the theoretical framework and target constructs. Other
limitations involve the challenges in keeping the intervention consistent with SBNC
because the intervention is web-based rather than face-to-face. SBNC assumes nurse-to-
person interactions, and computer-to-person interactions may lack in the degree that it
attains consistency to SBNC values. We present how this limitation is addressed in the

operationalization of the intervention (see the Intervention Manual in Appendix A)

In summary, our intervention is unique in that it is a shorter duration (i.e., four
weeks) than what is found in the web-based CAD RCT literature. In addition, our
intervention is unique such that the integrated SBNC and SDT intervention framework
guided the choices of the intervention elements including the theoretical constructs to be
targeted by the intervention. To our knowledge, no RCTs have tested a web-based
tailored intervention aimed at increasing physical activity in ACS patients, guided by an
approach to nursing practice such as SBNC, in which tailoring was based on SDT

constructs.
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Research Hypotheses

We propose one primary hypothesis related to change in steps per day, five

secondary hypotheses related to physical activity, and 16 exploratory hypotheses.
Primary

Steps per day was the chosen primary outcome because it can objectively capture
walking behaviour (Ainsworth et al., 2015), which is a step-based activity. Two solid
RCTs in our field, testing web-based tailored interventions in CAD patients,
demonstrated significant improvements in their primary outcome of steps per day at six
weeks (Devi et al., 2014), and at six and 12 months (Reid et al., 2012) post-
randomization. Therefore, we hypothesize that in ACS patients receiving the web-based
tailored nursing intervention EG as compared to the usual care public websites CG will

demonstrate a greater increase in:

HI: steps per day between randomization and 12 weeks
Secondary

The secondary hypotheses include greater increases in steps per day immediately
post-intervention at five weeks post-randomization. Other secondary hypotheses are
related to change in walking and MVPA. Two solid RCTs in our field have demonstrated
significant improvements in secondary outcomes for self-reported walking (Maddison et
al., 2015), and MVPA (Maddison et al., 2015; Reid et al., 2012). Because the focus of our
intervention is on increasing walking in ACS patients, we expect to capture most of the
change in energy expenditure through walking. However, there may be a few patients
that will increase MVPA in addition to walking if they attend a secondary prevention
program during the study, as this is encouraged at hospital discharge, and then reinforced
during the intervention to all EG participants. Therefore, we hypothesize that in ACS
patients receiving the web-based tailored nursing intervention EG as compared to the

usual care public websites CG will demonstrate a greater increase in:
H2: steps per day between randomization and 5 weeks

H3: energy expenditure for walking between randomization and 5 weeks
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H4: energy expenditure for walking between randomization and 12 weeks

HS5: energy expenditure for moderate to vigorous intensity physical activity

between randomization and 5 weeks

H6: energy expenditure for moderate to vigorous intensity physical activity

between randomization and 12 weeks
Exploratory

SDT applied in health care settings suggests that increased physical activity
levels, such as through walking, can be explained by improvements of three SDT
constructs: perceived autonomy support, self-determined motivation continuum
(controlled versus autonomous motivations), and perceived competence (Ng et al., 2012).
Given that these hypotheses are exploratory, we consider both perceived autonomy
support from a significant other and the allocated research website as one construct to
simplify the hypotheses. Although the support for barrier self-efficacy in explaining
increased physical activity is weak in the web-based CAD literature (Maddison et al.,
2014), CAD patients nonetheless report barriers (Fleury et al., 2004; Rogerson et al.,
2012), and variables related to barrier self-efficacy are consistently associated with
physical activity in CAD patients (Petter et al., 2009). We expect an indirect effect of the
intervention on steps per day, such that improvements in the proposed SDT constructs
and barrier self-efficacy will in turn influence increases in steps per day. Therefore, we
hypothesize that the effect of the web-based tailored nursing intervention EG on greater
steps per day at 12 weeks compared to the usual care public websites CG will be

mediated by:

H7: a greater level of perceived autonomy support from a significant other and

from the intervention website at 5 weeks

HS: a greater decrease in controlled motivation between randomization and 5

weeks

HO9: a greater increase in autonomous motivation between randomization and 5

weeks
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H10: a greater increase in perceived competence between randomization and 5

weeks

H11: a greater increase in barrier self-efficacy between randomization and 5

weeks

Depression and fatigue were not retained as outcomes because of the uncertainty
that web-based interventions in CAD populations can decrease depression symptoms
(Antypas & Wangberg, 2014; Devi et al., 2014; Southard et al., 2003), and because it is
unknown if fatigue is amenable to change by such interventions as this variable was not
tested previously in the web-based CAD literature. These two variables are nonetheless
retained as covariates because of their associations with physical activity found in the

CAD observational studies.

We retained quality of life as an exploratory outcome because the literature in our
field found it to be influenced, but inconsistently by the interventions. In addition, despite
the proposed ‘gateway’ effect of increased physical activity on other health behaviour
changes, evidence supporting the ‘gateway’ effect is weak. Diet was not retained as an
outcome because of the uncertainty that it can be improved in a web-based intervention
focused only on increasing walking. However, smoking status was retained because of its
importance in secondary prevention programs and because nicotine withdrawal and
craving may be temporarily relieved with moderate-intensity physical activity.
Medication adherence was retained because most, if not all ACS patients will leave
hospital discharge with a medication prescription, and is another important outcome in
secondary prevention. Attendance to a secondary prevention program was retained
because attendance is reinforced in the intervention. Although the evidence is
preliminary, fewer emergency department visits and hospitalizations have been
consistently found in favour of web-based interventions in the CAD literature. As such,
emergency department visits, and hospitalizations were retained as exploratory outcomes.
Therefore, we hypothesize that ACS patients receiving the web-based tailored nursing
intervention EG as compared to the usual care public websites CG will demonstrate at 12

weeks:
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H12: a greater level of global quality of life

H13: a greater level of emotional quality of life

H14: a greater level of physical quality of life

HI15: a greater level of social quality of life

H16: a greater proportion reporting having not smoked

H17: a greater proportion reporting optimal cardiac medication adherence

H18: a greater proportion reporting attendance in a secondary prevention program
H19: a lower proportion of emergency department visits

H20: a lower proportion of hospitalizations

No RCT in our field examined whether the effect of the intervention depended on
the sex of the patient, although observational studies in CAD have found that females are
less active than males. Therefore, we hypothesize that the effect of the web-based tailored
nursing intervention on steps per day at 12 weeks compared to usual care public website

will depend on:

H21: the sex of the participant, such that the intervention will be /ess efficacious

on steps per day in females than in males

Although angina frequency may be amenable to change by a web-based
intervention, significant reduction in angina symptom frequency was found in only one of
the two RCTs measuring this variable in the CAD literature (Devi et al., 2014). We
therefore hypothesize that ACS patients receiving the web-based tailored nursing
intervention experimental group compared with the usual care publicly available websites

control group will demonstrate at 12 weeks:

H22: an equal level of angina frequency
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Chapter 3. Methods

This chapter presents the methods as published in the Journal of Medical Internet
Research Protocols (Kayser et al., 2017), named the “Protocol Article.” Following this
article, we included the statistical methods that were implemented for the exploratory

outcomes not presented in either the Protocol or the Primary Results Articles.
Protocol Article

Citation : Kayser, J. W., Cossette, S., Cote, J., Bourbonnais, A., Purden, M., Juneau, M.,
Tanguay, J. F., Simard, M. J., Dupuis, J., Diodati, J. G., Tremblay, J. F., Maheu-Cadotte,
M. A., Cournoyer, D. (2017). Evaluation of a web-based tailored nursing intervention
(TAVIE en m@rche) aimed at increasing walking after an acute coronary syndrome: A
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Abstract

Background: Despite the health benefits of increasing physical activity in the secondary
prevention of acute coronary syndrome (ACS), up to 60% of ACS patients are
insufficiently active. Evidence supporting the effect of Web-based interventions on
increasing physical activity outcomes in ACS patients is growing. However, randomized
controlled trials (RCTs) using Web-based technologies that measured objective physical

activity outcomes are sparse.

Objective: Our aim is to evaluate in insufficiently active ACS patients, the effect of a
fully automated, Web-based tailored nursing intervention (TAVIE en m@rche) on

increasing steps per day.

Methods: A parallel two-group multicenter RCT (target N=148) is being conducted in
four major teaching hospitals in Montréal, Canada. An experimental group receiving the
4-week TAVIE en m@rche intervention plus a brief “booster” at 8 weeks, is compared
with the control group receiving hyperlinks to publicly available websites. TAVIE en
m(@rche is based on the Strengths-Based Nursing Care orientation to nursing practice and

the Self-Determination Theory of human motivation. The intervention is centered on
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videos of a nurse who delivers the content tailored to baseline levels of self-reported
autonomous motivation, perceived competence, and walking behavior. Participants are
recruited in hospital and are eligible if they report access to a computer and report less
than recommended physical activity levels 6 months before hospitalization. Most
outcome data are collected online at baseline, and 5 and 12 weeks postrandomization.
The primary outcome is change in accelerometer-measured steps per day between
randomization and 12 weeks. The secondary outcomes include change in steps per day
between randomization and 5 weeks, and change in self-reported energy expenditure for
walking and moderate to vigorous physical activity between randomization, and 5 and 12
weeks. Theoretical outcomes are the mediating role of self-reported perceived autonomy
support, autonomous and controlled motivations, perceived competence, and barrier self-
efficacy on steps per day. Clinical outcomes are quality of life, smoking, medication
adherence, secondary prevention program attendance, health care utilization, and angina
frequency. The potential moderating role of sex will also be explored. Analysis of
covariance models will be used with covariates such as sex, age, fatigue, and depression
symptoms. Allocation sequence is concealed, and blinding will be implemented during

data analysis.

Results: Recruitment started March 30, 2016. Data analysis is planned for November
2017.

Conclusions: Finding alternative interventions aimed at increasing the adoption of health
behavior changes such as physical activity in the secondary prevention of ACS is clearly
needed. Our RCT is expected to help support the potential efficacy of a fully automated,
Web-based tailored nursing intervention on the objective outcome of steps per day in an
ACS population. If this RCT is successful, and after its implementation as part of usual

care, TAVIE en m@rche could help improve the health of ACS patients at large.

Trial Registration: ClinicalTrials.gov NCT02617641
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Introduction

Acute coronary syndromes (ACS) are among the leading causes of coronary
artery disease mortality and are among the top reasons for health care utilization in North
America (Ko et al., 2010; Statistics Canada, 2012; Writing Group et al., 2016) and
worldwide (World Health Organization, 2016). Physical activity is one behavior
associated with several health benefits in ACS patients, including reduced mortality and
health care utilization. Accumulating an equivalent of 150 minutes per week of moderate-
intensity physical activity is associated with reduced all-cause (Apullan et al., 2008;
Gerber et al., 2011; Janssen & Jolliffe, 2006) and cardiac mortality risk (Apullan et al.,
2008) compared with lower levels of physical activity. Evidence from cohort data
suggests that all-cause mortality risk can be reduced by accumulating half of the
recommendation compared with zero minutes, and further reductions are obtained as
physical activity increases (Moore et al., 2012), which may also be applicable to ACS
populations. Other health benefits of increased physical activity in ACS include improved
quality of life (Shepherd & While, 2012), reduced cardiac risk factors such as
dyslipidemia and hypertension, and reduced health care utilization such as
hospitalizations (Stone et al., 2009). Moreover, positive change in one health behavior,
such as an increase in physical activity, may increase overall confidence and serve as a
gateway to changing other health behaviors (Prochaska et al., 2008), such as increased
smoking cessation, improved diet, medication adherence, or attendance in a cardiac
secondary prevention program. Therefore, these multiple health benefits place increased
physical activity as a cornerstone in the secondary prevention of ACS (Stone et al.,
2009). Despite these benefits, between 40% and 60% of patients were insufficiently
active after an ACS event (Gerber et al., 2011; Janssen & Jolliffe, 2006; Reid et al.,
20006).

Increased physical activity is promoted in traditional secondary prevention
programs that consist of face-to-face or phone health behavior change counseling, which
may range from brief to intensive counseling, and most include supervised exercise in
affiliated hospital settings (Grace et al., 2014). However, only 22%-30% of cardiac

patients attend face-to-face secondary prevention programs (Grace et al., 2002; Karmali
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et al., 2014). Barriers include the difficulty of accessing these programs among those
living in remote locations where secondary prevention programs are not offered, traveling
to meetings, or reaching those who lack motivation or are unwilling to participate in these
programs. Therefore, alternative ways of delivering these programs are being examined

in research, including use of the Web (Grace et al., 2014).

Web-based interventions aimed at improving health behaviors have been tested
mostly in general adult populations. These interventions include modes of delivery such
as online text, videos, and discussion forums, and include other modes complementary to
websites such as email and text message (Eysenbach & CONSORT-EHEALTH Group,
2011). A meta-analysis of randomized controlled trials (RCTs) and quasi-experimental
studies in mainly general adult populations or adults with cardiac risk factors found a
significantly greater effect on physical activity outcomes in Web-based interventions
compared with usual care control groups that were not Web-based (d=0.14, P<.001)
(Davies et al., 2012). Although intervention effects were small, a greater effect was found
in studies that included only insufficiently active participants compared with those that
included any level of physical activity (d=0.37 vs 0.12, respectively, P<.05) (Davies et
al., 2012).

Web-based tailored interventions are expected to increase the relevancy of and
attention to the information delivered, which in turn is expected to improve effects on
health behavior change (Kreuter et al., 2013; Lustria et al., 2009). Tailoring can be static,
such that tailored messages are provided based on a single baseline assessment, or
dynamic, such that tailored messages are provided based on multiple assessments from
baseline to follow-up (Krebs, Prochaska, & Rossi, 2010). Although a meta-analysis of
RCTs and quasi-experimental studies in mainly general adult populations or adults with
cardiac risk factors found no differences between tailored versus non-tailored
interventions on physical activity outcomes, the authors found a significant effect in favor
of tailoring (static or dynamic) on smoking cessation and healthy diet outcomes (Lustria
et al., 2013). Therefore, increased physical activity in Web-based interventions may not
depend only on tailoring. Perhaps the combination of components within Web-based
tailored interventions matters, such as the variables on which tailoring was based (eg,

motivation and confidence), modes of delivery used (eg, combining online text, videos,
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email, and others), level of intervention intensity delivered, and target population
characteristics. Therefore, further research is needed to test innovative combinations of
these components in tailored interventions to influence greater increases in physical

activity.

In ACS patients, a Cochrane review found some evidence in eight RCTs to
support the effect on increased physical activity outcomes in favor of Web-based
interventions (tailored or not) compared with usual care (Devi et al., 2015). However,
heterogeneity between these RCTs prevented a meta-analysis on physical activity
outcomes (Devi et al., 2015). Among these eight RCTs, one was a pilot (Zutz et al.,
2007), two were not powered on physical activity outcomes (Lindsay et al., 2008;
Southard et al., 2003), and one was powered on a self-reported physical activity outcome,
but results were limited by the majority of participants dropping out (Antypas &
Wangberg, 2014). Only four RCTs were full-sized and powered on objective physical
activity outcomes (Devi et al., 2014; Lear et al., 2014; Maddison et al., 2015; Reid et al.,
2012), among which, two tested tailored interventions (Devi et al., 2014; Reid et al.,
2012). Both found significantly greater levels in the primary outcome of steps per day in
favor of the tailored experimental groups (Devi et al., 2014; Reid et al., 2012). These data
suggest that in ACS populations, the effects of tailored interventions on steps per day

outcomes are promising.

The other two RCTs tested nontailored interventions measuring the primary
outcome of exercise capacity compared with usual care (Lear et al., 2014; Maddison et
al., 2015). One RCT found a significantly greater increase in a proxy outcome of exercise
capacity, maximal time on treadmill, in favor of the experimental group (Lear et al.,
2014). In contrast, the other RCT found no difference between groups in treadmill-
measured peak oxygen uptake, despite finding significantly greater increases in a
subjective secondary outcome of self-reported physical activity in favor of the
experimental group (Maddison et al., 2015). Considering these four RCTs, the content of
the Web-based interventions tested were sufficient to increase steps per day (Devi et al.,
2014; Reid et al., 2012) and maximal time on treadmill (Lear et al., 2014), but the
exercise intensity was insufficient to increase peak oxygen uptake (Maddison et al.,

2015). No RCTs tested Web-based interventions, with or without tailoring, in ACS
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patients performing insufficient physical activity. The paucity of strong evidence
highlights the need for future full-sized RCTs testing Web-based tailored interventions on

objective physical activity outcomes in ACS populations.
Theoretical framework

We designed the fully automated, Web-based tailored nursing intervention
TAVIE en m@rche in French. “TA VIE” means your life, and “en marche” means
walking as the intervention is focused on increasing walking behavior in one’s daily life
after an ACS-related hospitalization. The tailored content of TAVIE en m@rche is
presented to participants by prerecorded videos of a nurse. We used Strengths-Based
Nursing Care (SBNC) integrated with Self-Determination Theory (SDT) as the
intervention’s theoretical framework. SBNC describes an orientation to nursing practice
or a “way of being” that is manifested through person-centered, holistic, knowledgeable,
and compassionate nursing care (Gottlieb, 2013). SBNC is driven by eight values that
focus on “understanding the whole, ... and understanding how strengths and weaknesses
interact to promote health, and healing” (Gottlieb, 2013, p. 120): (1) health and healing
refers to creating and restoring persons’ sense of wholeness in all domains of human
functioning, (2) uniqueness of the person refers to understanding unique experiences and
strengths, (3) holism and embodiment refers to understanding the complexities
underlying the relationships among the mind, brain, and other body systems, (4)
objective/subjective reality and created meaning refers to understanding along with
objective observations, subjective realities through created meanings of persons’
experiences, (5) self-determination refers to respecting persons’ right to a life grounded
in volition and free will, (6) person and environment are integral refers to understanding
how persons’ environments influence health and healing, (7) learning, readiness, and
timing refers to being sensitive to readiness and timing when engaging patients in an
active learning or change process, and (8) collaborative partnership between nurse and
person refers to both nurse and patient sharing knowledge and strategies that foster health

and healing.

Self-determination, one of the eight SBNC values, is particularly relevant in

nursing care, and in human motivation to adopt health behavior changes. This value was
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drawn from literature on self-determination including past works on the SDT of human
motivation (Deci & Ryan, 1985). Empirical work in SDT applied in health care settings
has presented two models (Ng et al., 2012). The first model suggests that improvements
in physical and mental health can be explained by the satisfaction of the psychological
needs of autonomy, competence, and relatedness (Ng et al., 2012). However, our Web-
based intervention that has a minimal focus on encouraging social support from others
may not be powerful enough to influence the construct of relatedness, which refers to the
“feeling of being respected, understood, and cared for by others” (Ng et al., 2012, p. 327),
such as exercise companions. Therefore, the second model that excludes the construct of
relatedness (Ng et al., 2012) was retained. This model suggests that improvements in
health behavior can be explained by improvements in three SDT constructs: increased
perceived autonomy support, improved self-determined motivation (decreased controlled
vs increased autonomous motivations), and increased perceived competence (Ng et al.,
2012; Williams et al., 2006). Perceived autonomy support refers to the perception that
during an intervention or interaction with a significant other, choices were provided,
rationale was offered, and acknowledgement or empathy was expressed (Ng et al., 2012).
Controlled motivation refers to actual or future behavior change that is imposed by others
or that is motivated out of a sense of guilt and shame in the presence of failure in change
(Nget al., 2012). Autonomous motivation refers to actual or future behavior change that
is volitional, aligned with one’s goals and values, or motivated by sheer enjoyment (Ng et
al., 2012). Perceived competence, similar to self-efficacy (Williams et al., 2006), refers to
the degree of confidence in one’s capability in achieving a health behavior change goal
(Nget al., 2012). From the cardiac literature, barrier self-efficacy refers to degree of
confidence in overcoming barriers towards health behavior change (Blanchard et al.,
2002). A systematic review found that the relationships between these SDT constructs
and physical activity outcomes were well supported (Teixeira et al., 2012), suggesting
that interventions that are efficacious at influencing positive changes in SDT constructs

may also influence improvements in physical activity outcomes.

SDT is a novel approach to theoretical grounding in the Web-based physical
activity literature as no studies using SDT were found in past meta-analyses in either

general adult populations (Davies et al., 2012) or ACS patients (Devi et al., 2015).
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However, we found three full-sized RCTs testing the effect of Web- and SDT-based
interventions in general adult populations that were powered on self-reported physical
activity outcomes (Friederichs, Oenema, et al., 2015; Patrick et al., 2012) or a composite
outcome that included physical activity (Jacobs, De Bourdeaudhuij, et al., 2011). Among
the two RCTs powered on a self-reported physical activity outcome, the most recent
found a significant increase of 71 minutes in weekly moderate to vigorous physical
activity at 12 months in favor of the SDT-based intervention compared with a waitlist
control (Friederichs, Oenema, et al., 2015). In this RCT, the SDT-based intervention
consisted of tailored messages delivered in text format and nontailored information
(motivational and educational) delivered by videos of a physical activity expert. In the
other RCT, the authors did not report effects on physical activity outcomes in their
conference abstract (Patrick et al., 2012). In the RCT powered on a composite outcome of
self-reported weight, diet, smoking, and physical activity, the authors reported no effect
on the physical activity outcome, which was possibly due to a lack of intervention
utilization because too many choices were given in intervention intensities and modes of
delivery in the experimental group (Jacobs, De Bourdeaudhuij, et al., 2011). Therefore,
the Web- and SDT-based intervention literature is sparse (Friederichs, Oenema, et al.,
2015; Jacobs, De Bourdeaudhuij, et al., 2011; Patrick et al., 2012), despite the solid
evidence supporting the positive associations between SDT constructs and physical
activity outcomes (Teixeira et al., 2012). To our knowledge, no RCT has tested a Web-
and SDT-based intervention on physical activity outcomes in ACS patients whether
sufficiently active or not. In addition, an innovation not yet examined in the Web-based
ACS literature is the use of fully automated videos in tailored interventions. Use of
videos could better convey the nurses’ strengths-based “way of being” because patients
can view and listen to the nurse who presents tailored motivational and educational

information instead of reading this same information in text format.
Study aim and hypotheses

The aim of this RCT is to evaluate in insufficiently active ACS patients, the effect
of a fully automated, Web-based tailored nursing intervention (TAVIE en m@rche) on
increased steps per day. Our primary hypothesis is that ACS patients in the experimental

group receiving TAVIE en m@rche compared with the control group receiving
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hyperlinks to publicly available websites will demonstrate a greater increase in change in
steps per day between randomization and 12 weeks (H1). Secondary hypotheses are a
greater increase in change in steps per day between randomization and 5 weeks (H2), and
in energy expenditure for walking and moderate to vigorous physical activity between

randomization and 5 weeks, and randomization and 12 weeks (H3 to H6).

We are interested in assessing if the change in SDT variables immediately
postintervention at 5 weeks will explain the hypothesized increase in steps per day at 12
weeks. Therefore, we will explore the mediating role of the SDT constructs (perceived
autonomy support, controlled and autonomous motivations, perceived competence) and
barrier self-efficacy on the effect of TAVIE en m@rche on increased steps per day at 12
weeks (H7 to H11 respectively).

We will also explore the effect of TAVIE en m@rche at 12 weeks on improved
quality of life (global, emotional, physical, and social), smoking, medication adherence,
secondary prevention program attendance, emergency visits, and hospitalizations (H12 to
H20). The potential moderating role of sex on the effect of TAVIE en m@rche on steps
per day at 12 weeks will also be explored (H21). Finally, we expect no adverse effect,
which is represented by an equal level of angina symptom frequency at 12 weeks in both

groups (H22).
Methods

This section is presented according to the SPIRIT 2013 statement in defining
standard protocol items for clinical trials (Chan et al., 2013). The completed CONSORT
EHEALTH checklist (Eysenbach & CONSORT-EHEALTH Group, 2011) is found in
Multimedia Appendix 1 of the online publication.

Study design and settings

The study design is a two-group parallel multicenter RCT testing the effect of an
experimental group that is receiving access to a 4-week Web-based tailored nursing
intervention (TAVIE en m@rche) and a brief “booster” at 8 weeks, compared with a

control group that is receiving access to hyperlinks of publicly available websites on
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increased steps per day. Study settings are at four major teaching hospital centers in
Montreal, Canada.
Eligibility criteria

Patients are eligible if they are home the third week after an ACS-related
hospitalization, have no serious medical condition that would impede adhering to
moderate-intensity physical activity, report access in any location to a computer with a
USB port that is connected to the Internet, and report the ability to read and speak French.
Patients are ineligible if they self-report sufficient physical activity during 6 months prior
to the hospitalization where they are recruited (ie, performed at least 150 minutes [30
minutes 5 days a week] of moderate-intensity physical activity per week or at least 75
minutes [25 minutes 3 days per week] of vigorous-intensity physical activity per week),
have documented New York Heart Association Class III-IV heart failure, or reported
planned involvement in intensive regular clinical follow-up (eg, an outpatient heart
failure clinic) during TAVIE en m@rche. One hospital center asked that those who are
eligible for participation in their onsite secondary prevention program (ie, new diagnosis
of ACS and age <75 years) be ineligible for study participation to avoid delivery of

parallel secondary prevention interventions at that center.
Interventions

Both groups receive usual care from hospital entry to return home. At all four
recruitment centers, from hospital entry to hospital discharge, usual care consists of brief
counseling by hospital staff on discharge issues such as new medications and their side
effects and on health behavior changes such as progressively increasing physical activity
at home. Printed materials are provided as teaching aids to complement the brief
counseling. As well, patients receive referrals to onsite or community-based secondary

prevention programs.

After hospitalization, all centers offer secondary prevention programs, but at
varying doses. All offer an educational group program on the topic of cardiac risk factors
and health behaviors aimed at reducing these risk factors, but the number of sessions
varies between one and eight across the four centers. Also, three of the four centers offer

onsite supervised exercise programs, but the number of sessions vary between one to
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three times per week. Two of the programs are 12 weeks in duration, and the other lasts 1

year.
Control group

The control group receives a list of four hyperlinks on a unique webpage of
available online information that is Canadian, French, and that included information on
walking. Three major Canadian nonprofit or public organizations are included: Montreal
Heart Institute, Heart and Stroke Foundation, and Canadian Society for Exercise
Physiology. In addition, because key recommendations on walking post—-ACS-related
hospitalization were derived from a patient education booklet published by the Montreal
Heart Institute that is available online, the walking program in this booklet is also
included in the list of hyperlinks. All websites provide information in text format without

the use of videos.
Experimental group

The experimental group receives access to TAVIE en m@rche. The central
feature of TAVIE en m@rche is the prerecorded videos of a nurse (see Multimedia
Appendix 2 of the online publication) who presents the fully automated tailored
intervention content delivered according to patients’ baseline assessments of autonomous
motivation, perceived competence, and walking behavior. Other modes of delivery
include online text that appears beside the videos to allow simultaneous reading of the
video’s content, and downloadable PDF files referred to by the nurse. Access to TAVIE
en m@rche starts at randomization between the fourth and fifth week after
hospitalization, which depends on when the baseline online assessment is submitted. The
suggested completion time of the intervention is 4 weeks but access to the intervention
ends at 11 weeks postrandomization. An additional brief “booster” is added at 8 weeks
postrandomization. We estimate about 60-75 minutes is sufficient to complete the
intervention. TAVIE en m@rche consists of 73 videos, each lasting on average nearly 1
minute with most (n=68) lasting less than 2 minutes. The TAVIE platform has simple
webpage layouts and is easy to navigate (Coté et al., 2012).

The intervention goal is to encourage a progressive increase in walking behavior,

up to the recommended 150 minutes per week at moderate-intensity, which is determined
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by an adapted version of the Borg Rating of Perceived Exertion (Deschénes et al., 2009).
This walking level is recommended to all patients at discharge for an ACS-related
hospitalization by their treating physician unless a contraindication is present such as
comorbid physical condition or an environmental constraint. Such patients are ineligible

for study participation.

The intervention is based on a theoretical framework that integrates SBNC with
SDT. SBNC focuses on nursing values such as fostering a collaborative partnership with
the person, supporting the person’s self-determination in their decisions and actions, and
working with the person’s strengths in the aim of achieving health and healing. The SDT
on human motivation specifies theoretical constructs for physical activity to be targeted
by the intervention strategies and to drive the tailoring process. The intervention
strategies are specifically targeted toward increasing self-reported perceived autonomy
support, autonomous motivation, and/or confidence (combined perceived competence

and barrier self-efficacy).

The appeal of using videos as the main mode of delivery, rather than text-only
format, is the greater ability to convey the strengths-based nursing way of being that is
manifested in part by nonverbal behaviors such as tone of voice (eg, energetic vs neutral)
and body language (eg, smiling vs a sincere nonjudgmental expression), and by verbal
behaviors (ie, the nurse’s script). This script, consistent with both SBNC and SDT, drawn
from our past literature review (Kayser et al., 2014), followed five global strategies:
being collaborative, being strengths-focused, providing choice, offering rationale, and
expressing empathy. These global strategies can be thought of as the fabric in which the
entire intervention content is interwoven. As such, we expect that the use of videos
instead of text-only format will be more interesting and motivating to participants

because the SBNC way of being will be better conveyed.

The intervention consists of four specific strategies targeting increasing perceived
autonomy support, autonomous motivation, and/or confidence aimed at increasing
walking behavior: Strategy (1) Providing information and feedback to build motivation
and confidence; Strategy (2) Exploring reasons to build motivation; Strategy (3)

Exploring personal strengths to build confidence; and Strategy (4) Developing an action
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plan to build and consolidate motivation and confidence. These strategies are
operationalized by 19 behavior change techniques. The terminologies of those 19
techniques were made consistent with those of the CALO-RE taxonomy (Michie et al.,
2011) (Table 8). These behavior change techniques were drawn from three main literary
sources: (1) SDT-based physical activity face-to-face or Web-based interventions and
Motivational Interviewing due to its consistency with SDT (Markland et al., 2005), (2)
facilitators of physical activity such as improved cardiac health and quality of life, and
barriers of physical activity such as lack of time and the presence of fatigue and
depressive symptoms found in cardiac patients, and (3) two patient education booklets on
the secondary prevention of ACS (Deschénes et al., 2009; Patenaude et al., 2010). The
content validity of comparing intervention strategies (global and specific) with the
theoretical background was done by the Université de Montréal scientific PhD jury of the
first author. One cardiac nurse reviewed the operationalization of the entire intervention,
and two clinical kinesiologists in secondary prevention reviewed the operationalized

information on walking.

The strategies are conveyed through a set of videos that build toward participants’
commitment to developing their own action plan. The order of the strategies is
determined by the primary static tailoring method that is driven by participants’ baseline
self-reported autonomous motivation (low vs high), confidence (low vs high), and
walking behavior, which resulted in four tailored profiles: A, B, C, and D (Figure 6).
Profiles A, B, and C are assigned from scores that are below the recommended 150
minutes per week of walking. Profile A receives Strategies 1 (information), 2 (reasons), 3
(strengths), and 4 (action plan) because this profile is low in motivation and confidence.
Profile B receives Strategies 1 (information), 2 (reasons), and 4 (action plan) because this
profile is low in motivation. Profile C receives Strategies 1 (information), 3 (strengths),
and 4 (action plan) because this profile is low in confidence. Profile D receives Strategies
1 (information), and 4 (action plan) because this profile is high in motivation and
confidence. In addition, participants who attained the recommended minutes per week of

walking between hospital discharge and baseline receive Profile D.
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Table 8. Specific strategies, intermediate intervention goals, behavior change techniques,
and targeted SDT variables

Specific
strategy

Intermediate
intervention goal

Behavior change technique

Targeted SDT
variable®

1. Providing
information and
feedback on
walking
behavior

To help patients
build or
consolidate
motivation and
confidence to
increase walking
behavior or
maintain
sufficient walking
behavior

1.1 Provide information on
consequences of behavior in
general by providing information
on potential advantages of
physical activity through walking

1.2 Provide instruction on how to
perform the behavior of attaining
the recommended minutes per
week of physical activity through
walking

1.3 Provide feedback on
performance tailored to minutes
per week of walking in the past 7
days

=Perceived autonomy
support from the
intervention
sAutonomous
motivation

=Perceived autonomy
support from the
intervention
=Confidence

aPerceived autonomy
support from the
intervention
=Confidence

2. Exploring
reasons to
increase
walking
behavior

To help patients
build motivation
to increase
walking behavior

2.1 Motivational interviewing,
asking evocative questions to
explore advantages of increasing
walking behavior, and to explore
goals and values®

2.2 Motivational interviewing,
sharing a list of potential reasons
to increase walking behavior®

aPerceived autonomy
support from the
intervention

s Autonomous
motivation

=Perceived autonomy
support from the
intervention
sAutonomous
motivation

3. Exploring
strengths

To help patients
build confidence
to increase
walking behavior

3.1 Motivational interviewing,
asking evocative questions to
explore strengths®

3.2 Motivational interviewing,
sharing a list of potential
strengths®

aPerceived autonomy
support from the
intervention
=Confidence

=Perceived autonomy
support from the
intervention
=Confidence

4. Developing
an action plan

To help patients
consolidate their
motivation and
confidence to
increase walking
behavior or
maintain
sufficient walking
behavior

4.1 Provide instruction on how to
perform the behavior of perceived
exercise exertion assessment and
planning walking in four steps

4.2 Teach to use prompts/cues
using flash card of perceived
exertion and the four steps

4.3 Goal setting using SMART
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intervention
=Confidence

=Perceived autonomy
support from the
intervention
=Confidence

=Perceived autonomy



Specific
strategy

Intermediate
intervention goal

Behavior change technique

Targeted SDT
variable®

goals

4.4 Provide information on
consequences of behavior in
general by providing information
on potential advantages of
walking, and how to make
walking enjoyable

4.5 Teach to use prompts/cues
using flash card of SMART goals
and reasons for walking

4.6 Prompt self-monitoring of
behavior of SMART goals

4.7 Provide information on where
and when, and instruction on how
to perform the behavior using
practical tips to increase walking
behavior or to maintain sufficient
walking

4.8 Prompt review of the
identification of behavioral goals
(SMART goals, and reasons for
walking)

4.9 Barrier identification/problem
solving

4.10 Plan social support to elicit
support from significant others in
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support from the
intervention
sConfidence

=Perceived autonomy
support from the
intervention
=Autonomous
motivation

=Perceived autonomy
support from the
intervention

s Autonomous
motivation
=Confidence

aPerceived autonomy
support from the
intervention

s Autonomous
motivation®
=Confidence

aPerceived autonomy
support from the
intervention
sConfidence

aPerceived autonomy
support from the
intervention

s Autonomous
motivation
=Confidence

=Perceived autonomy
support from the
intervention
sAutonomous
motivation®
sConfidence

=Perceived autonomy
support from the
intervention



Specific Intermediate Behavior change technique Targeted SDT

strategy intervention goal variable®
the attainment of increasing =Perceived autonomy
walking behavior or maintaining ~ support from a
sufficient walking behavior significant other

4.11 Provide an example of action =Perceived autonomy

planning support from the
intervention

s Autonomous
motivation®
sConfidence

4.12 Provide feedback on =Perceived autonomy
performance (action plan and support from the

walking behavior) irger?éltion
sconndence

2Perceived autonomy support from the intervention is targeted throughout because the global strategies
(Being Collaborative, Being Strengths-Focused, Providing Choices, Offering Rationale, and Expressing
Empathy), which are consistent with both SBNC and SDT, are integrated within each specific strategy.

bAutonomous motivation targeted 4.6 in the enjoyment in monitoring the accomplishments of a SMART
goal; 4.9 in two barriers: (1) not having enough time to walk, and (2) having no reason to walk; and 4.11 in
the example of reasons for increasing walking behavior within an action plan.

“Motivational Interviewing is reported here as behavior change techniques consistent with the CALO-RE
taxonomy and is limited to open-ended questions consistent with Motivational Interviewing, without the
back-and-forth aspect of face-to-face counseling found in an interview.

Secondary methods are the use of tailored messages based on “yes” versus “no”
responses to questions after intervention login on identifying symptoms of exercise
intolerance in the past 7 days (Introduction). Participants who respond “yes” to having
identified symptoms of exercise intolerance are provided an onscreen video message
asking them to not initiate the intervention, to consult a free 24-hour province-wide
phone service for general health problems if the symptoms are nonurgent, or to call 9-1-1
or go to the emergency department if the symptoms are urgent, and then to log out of the
intervention. Two weeks later, participants are asked to log in to the intervention, and
only if no symptoms of exercise intolerance are identified by the participant, they are
invited to continue the intervention. Static tailored messages on walking behavior (ie,
feedback on performance) are also provided to participants in all four profiles (Strategy 1
information) based on their responses of walking behavior assessed only at baseline.

Other tailored messages based on “yes” versus “no” responses to questions after
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intervention login pertain to the identification of personal reasons for walking (Strategy 2
reasons), personal strengths (Strategy 3 strengths), personal goals that are SMART
(Specific, Measurable, Attainable, Realistic, and within a Timeframe) (Strategy 4 action

plan), social support, and solutions to barriers (Strategy 4 action plan).
Timeline and procedures

The study duration is 16-17 weeks, from hospitalization (-T2) to the last
assessment at 12 weeks postrandomization (T3). We estimate that 4 hours in the
experimental group and 2.5 hours in the control group are needed to participate in the
study, which includes time spent in either experimental or control interventions, and the

completion of the questionnaires (Table 9).

Recruitment (-T2) takes place in-hospital. Potential participants are identified
through patient lists during hospitalization, and we then proceed with preliminary
eligibility screening using patients’ medical charts (Figure 7). Eligibility screening, rather
than being based on a 24-hour and 7-day a week schedule, is based on the recruiters’
irregular schedules, which vary depending on their availability to present at one of the
four sites or on other constraints such as work (academic or other) unrelated to recruiting.
When potential participants are approached in hospital, eligibility is confirmed (ie,
inclusion/exclusion based on in-person interview), and the study protocol is explained.
After signed consent is obtained, self-administered paper questionnaires on
sociodemographic data and depressive symptoms are completed. Participants are then
given an accelerometer and an open prepaid envelope to use when sending it back to the
researcher at the end of the study. After hospital discharge, clinical data are collected

from the medical chart.
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General Introduction
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- If positive on Exercise |ntolerance — Lo“

If negative on Exercise Intalerance
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Information on Why Walking is Important and How to Attain the Recommendation /

Tailored Messages on Walking Behaviour (Strategy 1)

V

Figure 6. Schema of the intervention’s general and per profile introductions, and the four
specific intervention strategies
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Table 9. Schedule of enrollment, interventions, and assessments

g
- g .
2] 5 S 8 & =
5. £ g @ E § I3 it
S 2 A o k= e £9
Activity Items -T2 -TI TO T1 T2 T3
Eligibility screening
Patient lists N/A X
Inclusion/exclusion ~10 X
interview
Screening log N/A X
Consent and signing ~30 X
Instruction to wear ~10 X
accelerometer and
complete questionnaires
Randomization and N/A X
allocation to group
Access to experimental or 60 to 75 X
control group
interventions
Documentation N/A X X X X X X
Assessments in-hospital
Sociodemographic data 19 ~15 X
and depression
questionnaire
Give and explain ~10 X
accelerometer wear
Clinical data (eg, N/A X
history, tests, events,
and cardiac risk
factors)
Assessments at home
Intervention adherence N/A X
Primary outcome (X) N/A X X X
steps per day
Questionnaires 30 to 45
Self-reported 7 X X X

physical activity and
location of
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Minutes per
Recruitment
Randomization
Interventions
Follow-up

5 weeks
Follow-up

12 weeks

patient
Baseline

—
[\
-
—
S
=
—
[\
—
W

Activity Items

accelerometer wear

Perceived autonomy 6 X
support of significant
other

Perceived autonomy 6 X
support of websites

Autonomous and 12 X X
controlled
motivations

Perceived 4 X X
competence

Barrier self-efficacy 8
Quality of life 27
Smoking status

Medication 4
adherence

T TR

Secondary 2 X
prevention program
enrollment

Angina frequency 2 X X

Fatigue 7 X

Clinical data

Emergency visits and N/A X
hospitalizations

Baseline (-T1) is at the beginning of the third week posthospital discharge. In
conjunction with an email, participants are contacted by phone to confirm their
willingness to participate. This email includes a hyperlink to download and install the
software into the participants’ computers, allowing the accelerometer data to be synced to
the company’s server. Thereafter, the data can then be downloaded into the researcher’s

computer. During the same phone call, participants are instructed to wear the
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accelerometer daily for 7 days from awakening to bedtime. After 7 days of accelerometer
wear, a second email is sent that includes a hyperlink to access the first online
questionnaire. Although we expect most participants to complete the baseline
accelerometer wear followed by the online questionnaire within 1 week, a maximum

window of 2 weeks is allowed to complete baseline assessments.

Randomization (T0) and allocation to the experimental or control groups occur
upon submission of the baseline questionnaire at the fourth or fifth week posthospital
discharge, allowing participants the window of 2 weeks to complete baseline
assessments. Each participant receives, by automated email from the TAVIE platform,
access to either TAVIE en m@rche or the control group involving publicly available

websites.

Interventions (T1) start immediately after allocation to the experimental or control
groups. Follow-ups at 5 weeks (T2) and 12 weeks (T3) postrandomization are planned.
At both follow-ups, participants in both groups (experimental and control) are sent an
email with instructions to wear the accelerometer for 7 days. If participants accept, a brief
text message is sent to remind them to read the email. After 7 days of accelerometer
wear, a second email is sent to complete the online questionnaires. In addition, at the end
of data collection, participants are instructed to return the accelerometer by mail via the
prepaid envelope provided. During participation, the first author is available by phone

and email to resolve technical difficulties in accessing the intervention or questionnaires.
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Figure 7. Flow of participants (Protocol Article)

Sample size calculation

To detect a difference in change between randomization and 12 weeks of 1500
steps per day (SD 2824) in favor of the experimental group compared with the control
group, a total of 148 participants (n=74 participants per group [57 plus 17 for attrition],

117



and n=37 per recruitment center) is needed, given a two-sided 5% significance level,
power of 80%, and an expected attrition of 23%. The 1500 steps per day is an
approximation of half of the recommended daily minutes of moderate-intensity physical
activity (Marshall et al., 2009). The attrition of 23% was reported in a meta-analysis of
Web-based interventions, in which the experimental groups had an average intervention
duration of 13 weeks (Davies et al., 2012). The SD of 2824 steps per day was estimated
using data found in an RCT of a counseling intervention in ACS patients in Quebec

(Houle et al., 2011).
Randomization and allocation

Randomization is planned by an offsite coordinating center. It is stratified by
study center to help protect against between group imbalances if recruitment differs in
one or more study centers (Friedman, Furberg, DeMets, Reboussin, & Granger, 2015).
Per stratum, random numbers are given for each assignment. Random assignments follow
a 1:1 allocation using random block sizes determined by the coordinating center to

minimize the chance of group imbalances (Friedman et al., 2015).

The assignment sent by the coordinating center in electronic list (.xIs) format was
uploaded in the TAVIE platform. The allocation sequence is concealed. Upon submission
of the baseline questionnaire, the TAVIE platform sends an automated email of the
assignment to the participant. This email includes the hyperlink and password to access
the experimental TAVIE en m@rche or to receive a different hyperlink to access the

control of publicly available websites.
Blinding

Care providers during hospitalization (treating physicians, nurses, and others) are
blinded to group assignment because randomization occurs posthospitalization. The first
author must know of the assignment after it is revealed, in order to manage the emails
sent to participants in either the experimental or control group. The outcome data
completed online are anonymized allowing blinding to group assignment. Participants are
not blinded to group assignment because they consent to randomly receiving one of two
website hyperlinks. Although participants are not informed as to which website is

experimental versus control, they are informed that one website takes about 60-75
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minutes to complete (ie, experimental), and the other website takes an undetermined

number of minutes to complete (ie, control).
Outcomes
Primary outcome of steps per day

The primary outcome is change in steps per day measured by an accelerometer between
randomization and 12 weeks. We chose 12 weeks as the primary endpoint rather than 5
weeks to assess the persistence of steps performed beyond the end of the intervention’s 4-
week period. The accelerometer step count data are concealed, uploaded wirelessly to a
server (Brown, Grimwade, Martinez-Bussion, Taylor, & Gladwell, 2013), and
downloaded in the first author’s computer. Similar to step counts measured by a
previously validated pedometer, step counts measured by the accelerometer worn on a
shoe had less than 2% error compared with observed step counts measured by hand tally
counter (Brown et al., 2013). Participants are instructed to clip the accelerometer on one
of their shoes during waking hours. If they are not wearing shoes, they are then instructed

to clip it at their waistline clothing (belt or pants) as recommended by the manufacturer.

The steps per day mean will be estimated using >3 valid step-days within the 7-
day wear period, which is an accepted norm in adult populations (Aadland & Ylvisaker,
2015). A valid step-day will be determined by a wear time of >10 hours per day (Aadland
& Ylvisaker, 2015). Fewer than 3 valid step-days will be treated as missing data.

Secondary outcomes of steps per day and energy expenditure

Secondary outcomes are change in steps per day measured by an accelerometer between
randomization and 5 weeks, and in self-reported energy expenditure for walking, and for
moderate to vigorous physical activity measured by the French short version International
Physical Activity Questionnaire (IPAQ) (The IPAQ group, 2002) between
randomization, and 5 and 12 weeks (Appendix B). For self-reported energy expenditure,
we retained six of the seven items that provided a single continuous score of Metabolic
Equivalent of Task (METs)-minutes per week in the last 7 days. The score of energy
expenditure for walking is the product of days performed in walking, minutes performed

per day, and 3.3 METs. The score of energy expenditure for moderate to vigorous
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physical activity is the sum of two products: the product of days performed in moderate-
intensity physical activity (eg, carrying light loads or bicycling at a regular pace), minutes
performed per day, and 4.0 METs; and the product of days performed in vigorous-
intensity physical activity (eg, heavy lifting, or fast bicycling), minutes performed per
day, and 8.0 METs. International studies found that the reliability (test-retest) and
criterion validity (self-report vs accelerometer data) of the IPAQ generally score around
.80 (reliability) and .30 (criterion validity), which is comparable with psychometrics of
other self-report physical activity questionnaires (Craig et al., 2003).

Outcomes of theoretical variables

Two outcomes assessed only at 5 weeks for Perceived autonomy support (PAS)
were drawn from a French version of the Important Other Climate Questionnaire: (1)
from a significant other (PAS-SO) and (2) from the intervention (PAS-WEB)
(Appendices C and D). These measures assess autonomy support felt from a significant
other (PAS-SO) and from either research website visited (PAS-WEB). The two scores are
the mean of responses of 6 items for each PAS (significant other [SO] vs intervention
[WEB]) rated between “not at all true” (1) and “very true” (7). Higher scores represent
greater levels of PAS. Reported Cronbach alphas across three assessments were between

.86 and .89 (Fortier et al., 2007).

Self-determined motivation is assessed at baseline and 5 weeks by the French
version of the Treatment Self-Regulation Questionnaire (Appendix E). This measure
assesses reasons to attain the recommendation of walking 150 minutes per week. We
retained the 12 items that assess controlled motivation (6 items) and autonomous
motivation (6 items). The two scores are the mean of responses of 6 items for each
motivation (controlled vs autonomous) rated between “not at all true” (1) and “very true”
(7). Higher scores represent greater levels of controlled and autonomous motivation.
Reported Cronbach alphas across four populations were between .73 and .91 for

controlled motivation, and between .85 and .93 for autonomous motivation (Levesque et

al., 2007).

Perceived competence is assessed at baseline and 5 weeks by the French version

Perceived Competence Scale (Fortier et al., 2007) (Appendix F). This measure assesses
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confidence to attain the recommendation of walking 150 minutes per week. The score is
the mean of responses of 4 items rated between “not true at all” (1) and “very true” (7).
Higher scores represent greater levels of perceived competence. Reported Cronbach

alphas across two assessments were .93 and .96 (Fortier et al., 2007).

Barrier self-efficacy is assessed at baseline and 5 weeks by the French version
Barrier Self-Efficacy Scale for cardiac patients (Blanchard et al., 2002) (Appendix G).
This measure assesses confidence to walk for the recommended 150 minutes per week
even if one or more of eight barriers listed are experienced. We retained 8 of the 9 items.
The item removed referred to the barrier of experiencing angina or chest pain. Instead of
overcoming this barrier, we expect that participants treat the pain and consult a health
care professional if the pain is not relieved instead of continuing to increase their walking
behavior. The score is the mean of responses of 8 items rated between “(0%) not at all
confident” and “(100%) very confident.” Higher scores represent greater levels of barrier
self-efficacy. A reported Cronbach alpha was .86 in the original 9-item scale (Blanchard
et al., 2002).

Clinical outcomes

Quality of life is assessed at baseline and 12 weeks by the French version
MacNew Heart Disease Health-related Quality of Life Questionnaire for cardiac patients
(Hofer, Lim, Guyatt, & Oldridge, 2004) (Appendix H). The 27 items assess, in the
previous 2 weeks, global quality of life and its 3 subdimensions: emotional (14 items),
physical (13 items), and social (13 items) (Hofer et al., 2004). Items include reverse
scores and overlap across dimensions. The scores for global quality of life and each
dimension are the mean of responses that range between 1 (poor quality of life), and 7
(high quality of life). Reported Cronbach alphas were .94, .94, .89, and .90 in global,

emotional, physical, and social respectively (Pavy et al., 2015).

Self-reported 7-day point prevalence smoking status, an accepted norm in
assessing smoking status outcomes (U.S. Department of Health and Human Services,
2008), is assessed at baseline and 12 weeks (Appendix I). The following question is used:
“Have you smoked a cigarette, even a puff, in the past 7 days?” (Ossip et al., 2013, p. 4),

answered with “yes” (0), “no” (1), or “never smoked” (2). Point prevalence assessment
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had a sensitivity of 96.9% and specificity of 93.4% in detecting dichotomous smoking
versus nonsmoking status compared with urinary cotinine (Noonan, Jiang, & Dufty,

2013).

Medication adherence is assessed at baseline and 12 weeks by the Self-Reported
Morisky Medication Adherence Scale (MMAS-4) (Morisky, Green, & Levine, 1986)
(Appendix J). This measure assesses barriers to cardiac medication use in the previous 2
weeks such as forgetting to take them and stopping them because one feels well. The
score is the sum of 4 items rated “no” (0) or “yes” (1) such that lower scores indicate
better medication adherence. Scores are dichotomized between medium to low (1 to 4)
and high (0). The MMAS-4 had a sensitivity and specificity of 81.0% and 44.0%
respectively in predicting controlled blood pressure (Morisky et al., 1986).

Secondary prevention program attendance is measured at 12 weeks by self-report
rated by “no” (0) or “yes” (1) of at least one visit, since hospitalization, to a secondary
prevention program that offers clinical follow-up with a health care professional for
general health, medication adherence, healthy diet, smoking cessation, or exercise
(Appendix K). No data on baseline attendance are collected because programs may start 4

weeks or later posthospitalization, which falls around the planned time of randomization.

Data for both emergency department visits and hospitalizations are collected from
the medical records at 12 weeks at each study center. For each outcome, one or more
emergency department visits or hospitalizations for any reason indicate a score of 1 and

no emergency department visits or hospitalizations indicate a score of 0.

Angina frequency is assessed at baseline and 12 weeks by the angina frequency
scale of the Seattle Angina Questionnaire (Appendix L). This measure assesses frequency
of angina pain and nitroglycerin use that we changed from “in the past 4 weeks” to “in
the past 2 weeks.” The score is the sum of responses of 2 items rated between “4 or more
times per day” (1) and “none over the past 2 weeks” (6), which is then transformed to
score between 0 (worst) and 100 (best). Lower scores represent greater angina frequency.
A reported significant positive association was r=.31 between greater angina frequency
and greater number of refills of sublingual nitroglycerin tablets in the previous year

(Spertus et al., 1995).
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Sociodemographic and clinical data

At recruitment in hospital (-T2), sociodemographic and clinical data are collected. Nine
items in a paper-based self-report questionnaire assess employment, education, marital
status, and other demographics (Appendix M). Other data including medical history,
diagnosis, laboratory tests, in-hospital events, cardiac risk factors, intermittent
claudication, and documented referral to a secondary prevention program are collected
from the medical chart after hospitalization (Appendix N). Also, depressive symptoms
are assessed at recruitment (-T2) by the 9-item French version Patient Health
Questionnaire (PHQ-9) (Appendix O). The PHQ-9 administered at recruitment in
hospital allowed us to refer participants with abnormal scores to the treating cardiologist.
At baseline (-T1), fatigue is measured by the 7-item short form French version (PROMIS,
2012) (Appendix P). Based on our literature review prior to commencing our RCT,
depression and fatigue were retained as potential covariates rather than outcome variables
because of the uncertainty that Web-based interventions in ACS populations can decrease
depression symptoms (Devi et al., 2014) and because it is unknown if such interventions
can decrease fatigue as this variable has not been previously tested in the Web-based

ACS literature.
Intervention adherence

During the intervention (T1), intervention adherence data are collected. For TAVIE en
m(@rche, data are collected on the number of times videos and webpages are viewed and
documents are downloaded. Time spent in the intervention will be estimated from these
data. For the control group website, data on the number of website visits per person are
collected by Google Analytics. Because the control group is provided a single webpage
of hyperlinks of publicly available websites, collecting data from these websites is not

possible.
Statistical methods

The Montreal Health Innovations Coordinating Center provided expertise for the
statistical methods. Baseline characteristics will be compared using descriptive statistics
to identify trends in group imbalances, and the analyses will be consistent with intention-

to-treat principles, in which data at a given time point will not be excluded from the
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analysis (Consort Group, 2013). Missing data will be examined and handled according to

best practice in that field (Graham, 2009).

For the analyses of single continuous variables (eg, the primary outcome of
change in steps per day), repeated measures analysis of covariance models will be used
with covariates that include gender, age, diabetes, intermittent claudication, baseline
smoking status, depression symptoms, and fatigue. For analyses of multiple continuous
variables (eg, the secondary outcomes of change in walking and moderate to vigorous
physical activity), repeated measures multivariate analysis of covariance models will be
used with the same covariates as the above model. For single dichotomous variables with
baseline values (eg, smoking status), sequential logistic regression models will be used.
For single dichotomous variables without baseline values (eg, hospitalizations), chi-
square models will be used. A mediation analysis will use a sequence of one-way
analysis of variance models with Bonferroni adjustments, in which the alpha will be
divided by the number of tests performed. Adjusted and unadjusted means or proportions
in each group (experimental and control) will be provided along with a 95% confidence
interval. No adjustments in P values will be made for the hypotheses on secondary and
tertiary outcomes because these are aimed at supporting the primary hypothesis on steps

per day rather than claiming intervention effect (European Medicines Agency, 2002).
Ethical considerations

Ethics approval for this multicenter RCT was obtained from the Scientific and
Ethics Committee of the Montreal Heart Institute Research Center (reference #MP-33-
2015-1887). Procedures follow the mechanism of multicenter studies outlined by the
Quebec Ministry of Health and Social Services (Ministere de la Santé et des Services
sociaux, 2014). The approved consent form and procedures for data collection are found

in Appendices Q and R respectively.

We expect that the study population has no additional adverse effects in
participating in this RCT because the recommendation for physical activity (ie, walking
150 minutes per week) is consistent with current cardiology practice. Also, past research

found that cardiac patients can safely participate in physical activity at home (Brosseau et
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al., 1995; N. H. Miller, Haskell, Berra, & DeBusk, 1984). As such, we hypothesize that

angina frequency will be equivalent in both groups (experimental vs control).

Results

This RCT is currently recruiting. Recruitment started March 30, 2016, and data

analysis is planned for November 2017.
Discussion
Limitations

We aim to test in insufficiently active ACS patients, the effect of receiving a
Web-based tailored nursing intervention (TAVIE en m@rche) on increasing steps per day
compared with receiving hyperlinks to publicly available websites. There exist potential

limitations in our RCT pertaining to outcomes, intervention, and generalizability.
Outcomes

First, although our primary outcome of steps per day was retained based on the literature
showing the association between increased physical activity and reduced mortality in
ACS patients (Apullan et al., 2008; Gerber et al., 2011; Janssen & Jolliffe, 2006), we did
not plan mortality as primary or secondary outcomes. Trials that aim to improve physical
activity outcomes usually establish eligibility criteria to select populations that are
capable of attaining the amount of physical activity recommended in the intervention. As
such, these populations have few comorbidities resulting in low serious adverse cardiac
events or mortality. Two RCTs testing Web-based interventions in ACS patients
measured an objective physical activity outcome (steps per day or exercise capacity) and
reported serious adverse cardiac or mortality events requiring hospitalization per
treatment group (Lear et al., 2014; Reid et al., 2012). Reid et al. (2012) reported four
hospitalisations for chest pain and no deaths in the experimental group, and six
hospitalisations for chest pain, one for cardiac surgery and two deaths in the control
group during 12 months of follow-up. Lear et al. (2014) reported three (9%) major
cardiac events (e.g., revascularisation, stroke, and death) in the experimental group, and
six (16%) in the control group during 16 months of follow-up. These data suggest that

fewer serious adverse cardiac or mortality events are found in favor of Web-based
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experimental groups, and too few events occur to plan mortality as a primary or

secondary outcome within a feasible timeframe.

Second, for our secondary outcome of energy expenditure, we plan estimates from
self-reported data instead of from accelerometer data. Accelerometers require the entry of
participants’ weight in the devices to produce the estimates. However, we do not collect
data on weight from participants at home before randomization (baseline [-T1]) because
these data may be missing or unreliable from self-report or from participants’ own

weighing scales.

Third, we planned a relatively short follow-up of 12 weeks for feasibility reasons
as this RCT is part of a doctoral degree. A longer follow-up on steps per day and other
health behavior changes in a future RCT testing TAVIE en m@rche could improve

clinical relevance.

Fourth, it is possible that accelerometers are worn by or data from online
questionnaires are entered by someone other than the study participant because the
outcome data are completed by participants at home. Although we will treat this
possibility when examining the outliers, which could reveal some data clearly out of
range entered by a different respondent, there are no other provisions made for this

limitation.

Fifth, there is a possibility of missing outcome data. Different scenarios for
handling missing data will be followed according to best practice in that field (Graham,
2009) by a statistician who is part of an internationally recognized clinical trial reference
center (Montreal Health Innovations Coordinating Center). The method of handling

missing data will be reported in a future publication of the results.
Interventions

The platform is limited to using static tailoring rather than dynamic tailoring (Krebs et al.,
2010). However, a recent meta-analysis found that dynamic tailoring has not improved
effects on health behavior change outcomes compared with static tailoring (Devi et al.,

2015).
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Generalizability

Our sample will likely have similar characteristics as the four other RCTs testing a Web-
based intervention using steps per day or another objective physical activity outcome in
an ACS population (Devi et al., 2014; Lear et al., 2014; Maddison et al., 2015; Reid et
al., 2012). Such populations have no important comorbidities or environmental
constraints that would impede performance in moderate-intensity physical activity. ACS
populations with important comorbidities are neither eligible to participate in our study
nor eligible to receive the recommendation to gradually attain moderate-intensity walking
beginning the fourth or fifth week after hospitalization, as is recommended in TAVIE en
m(@rche. Therefore, the eligibility criteria for our RCT is comparable to the ACS
population intended for TAVIE en m@rche. Another related cardiac population that
could benefit from TAVIE en m@rche, after some minor modifications, are those with
stable coronary artery disease, such as stable angina patients requiring elective
percutaneous coronary intervention. However, our future results will not be generalizable

in stable coronary artery disease populations.
Conclusion

Alternative interventions aimed at increasing the adoption of health behavior
changes in the secondary prevention of ACS are clearly needed. Our proposed
intervention fills a gap in the literature because no RCT has tested a Web- and SDT-
based tailored intervention using videos of a nurse on an objective physical activity
outcome in insufficiently active ACS patients. Study strengths include the retained
design, a full-scale RCT, which will confirm with confidence the effect of receiving
TAVIE en m@rche on the objective primary outcome of steps per day in ACS patients.
Also, the intervention’s theoretical framework and its operationalization enhance
reproducibility. Finally, the framework allows the examination of theoretical processes,
such as the SDT constructs, which may explain the intervention’s effects on the primary
outcome. If this RCT is successful, and after its implementation as part of usual care,

TAVIE en m@rche could help improve the health of ACS patients at large.
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Complementary Information on the Methods

Timeline of measures

Only one RCT in our field tested a shorter duration intervention, and found a
significant effect immediately after the designated six-week intervention completion, but
no significant effect six-months post-intervention (Devi et al., 2014). Therefore,
measuring endpoints at both intervention completion and beyond will help determine
how the intervention effect evolves over time. Accordingly, as the designated
intervention duration of TAVIE en m@rche is four weeks, we retained the first follow-up
(T2) at five weeks post-randomization, and the second follow-up 12 weeks post-

randomization (T3).
Statistical methods

Physical activity recommendation at baseline

The IPAQ score was dichotomized to determine the number and proportion of
participants meeting the physical activity recommendation of 500 to 1000 MET-minutes
per week (Garber et al., 2011). According to the measure, “five or more days of any
combination of walking, moderate-intensity or vigorous intensity activities achieving a
minimum total physical activity of at least 600 MET-minutes per week...is defined as
accumulating a minimum level of activity” (The IPAQ group, 2005, p. 6). As participants
can attain the recommendation by performing one or any combination of the three types
of intensity even in less than five days, we summed all three activities (i.e., total activity)
regardless of the number of days in the week they were performed. Thereafter, we
assigned a value of one to those attaining 600 MET-minutes per week or greater, and zero

to those attaining less than 600 MET-minutes per week.
Exploratory outcomes

For the theoretical measures, mediation analysis was planned, as we hypothesized
that improvements in these variables during the intervention may explain a significant

increase in steps per day (H7 to H11). As described in Tabachnick and Fidell (2013), and
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consistent with Baron and Kenny (1986), four conditions (a, b, ¢, and d) must be met to

test the effect of mediation:
a) the effect of the independent variable on the dependent variable is significant;
b) the effect of the independent variable on the proposed mediator is significant;

¢) the association between the mediator and the dependent variable is significant

after controlling for the independent variable; and

d) the effect of the independent variable on the dependent variable is reduced

when controlling for the mediator.

As we found a non-significant minimal increase in steps per day, the first criterion
for mediation analysis was not met and we therefore did not proceed with this analysis.
Instead, we proceeded with only condition b to test the effect of the independent variable
of group (experimental, control) on each of the mediators (perceived autonomy support at
5 weeks, and change in controlled and autonomous motivations, perceived competence,
and barrier self-efficacy at 5 weeks). As planned, but not published in the Protocol
Article, a single perceived autonomy support score was produced by calculating a single
mean from both questionnaires (perceived autonomy support from the intervention and
significant other). No additional information is required for the other mediators (see the

Protocol Article).

As planned in condition b, the effect of group (experimental, control) on each of
the five mediators was tested using one-way ANOV A models for each of the five tests.
For the assumptions required for ANOVA, only the change score for perceived
competence in the experimental group showed lack of normal distribution. However, as
this distribution was not extremely different to its respective control group distribution
upon visual examination of histograms, the ANOVA model was retained because of its
robustness with variables that deviate from a normal distribution (Cohen, 2008).
Homogeneity and normality were otherwise met. To reduce error of yielding false
significance from multiple testing, Bonferroni inequality adjustment was used per model
in which the significance level of p = .05 was divided by the five planned tests producing

a significance level of p = .01 (Cohen, 2008). Means for perceived autonomy support and
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mean change values for controlled and autonomous motivations, perceived competence,
and barrier self-efficacy in each group (experimental, control) are provided along with

their respective 95% confidence interval.

For the exploratory hypotheses H12 to H15 on global, emotional, physical, and
social quality of life at 12 weeks (T3), a single one-way MANCOV A model was used for
all four outcomes. Specifically, this model included group (experimental, control), and
the baseline values of global, emotional, physical and social quality of life. For the
assumptions required for MANCOVA, each of the subdimensions (emotional, physical,
and social) showed one value lacking a normal distribution in either the experimental or
control group. However, comparing these distributions with their respective group
(experimental versus control), did not appear extremely different to each other upon
visual examination of histograms (Cohen, 2008). The planned MANCOV A model was
retained because of its robustness with variables that deviate from a normal distribution
even in relatively small samples (Tabachnick & Fidell, 2013). To reduce error of yielding
false significance from multiple testing, Bonferroni inequality adjustment was used per
test within the single MANCOVA model in which the significance level of p = .05 was
divided by the four planned tests producing a significance level of p =.0125 (Cohen,
2008). As the multivariate tests of each variable showed significance only in physical
quality of life (p = .006, which is smaller than the Bonferroni adjustment), the test of
between-subjects effects was performed. Adjusted means for each of the four outcomes
(global, emotional, physical, and social) in each group (experimental, control) was

provided along with their respective 95% CI.

For the hypotheses H16 and H17 on smoking status, and high cardiac medication
adherence at 12 weeks, two sequential logistic regression models were used, one for each
outcome. As only one covariate (i.e., baseline value) was included in each of the two
models, verifying for correlation between covariates was not applicable. Also, assessment
of linear relationships between continuous variables and the dependent variables was not
applicable, as all variables are dichotomous. The logistic regression models retained
included group (experimental, control), and baseline values of the tested outcome.

Adjusted odds ratios for each of the two outcomes (smoking status, and high cardiac
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medication adherence) in each group (experimental, control) is provided along with their

respective 95% CIL.

For the hypothesis H21 of subgroup sex of the participant on the primary outcome
of change in steps per day between baseline and 12 weeks, only two females were
randomly allocated to the experimental group, and both had incomplete data on the
change value of the primary outcome. Therefore, conducting the planned single two-way

ANCOVA model was not possible.

The statistical methods for the hypotheses on secondary prevention program
attendance, emergency department visits, hospitalizations (H18 to H20) and angina
frequency (H22) are presented in the Primary Results Article found in Chapter 4. We
now bring your attention to amendments to the original consent form, prior to presenting

the Primary Results Article.
Ethical Considerations

Four amendments to the original consent form were approved by the Research
Ethics Board of the Montreal Heart Institute. In Appendix Q, we present the original
consent form approved before recruitment on October 15, 2015 (version 1 of the same
date), and the last consent form approved towards the end of recruitment on May 2, 2017
(version 5 dated April 11, 2017). Amendments primarily involved a change in reminders
for accelerometer wear (approved February 3, 2016), two changes in procedures using the
new pedometer brand (approved June 28, 2016 and December 20, 2016), and one change
in the number of participants permitted to recruit per site (approved May 2, 2017).
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Chapter 4. Results

This chapter presents the manuscript, named the “Primary Results Article,”
intended for submission. This article presents the results of the primary and secondary
outcomes of physical activity (H1 to H6). To help explain these results, we also present
the exploratory outcome of secondary prevention program attendance (hypothesis 18),
because it is related to physical activity behaviour. Finally, to determine harm or benefit
from participating in TAVIE en m@rche, we present the exploratory outcomes of
emergency department visits and hospitalizations (H19 and H20), as well as the outcome
of angina frequency (H22). Following this article, we present the results of the remaining

exploratory outcomes.
Primary Results Article

Citation: Kayser, J. W., Cossette, S., Coté, J., Tanguay, J. F., Tremblay, J. F., Diodati, J.
G., Bourbonnais, A., Purden, M., Juneau, M., Terrier, J., Dupuis, J., Maheu-Cadotte, M.
A., Fontaine, G., Cournoyer, D. (Manuscript preparation, 2018-08). A web-based tailored
nursing intervention (TAVIE en m@rche) aimed at increasing walking after an acute

coronary syndrome: Multicenter randomized trial.
Abstract

Aim: To evaluate a web-based tailored nursing intervention on increasing steps per day

after an acute coronary syndrome.

Background: Few randomized controlled trials evaluated web-based interventions on

objective physical activity outcomes in patients after an acute coronary syndrome.
Design: Parallel two-group multicenter randomized controlled trial.

Methods: Insufficiently active acute coronary syndrome patients were recruited from
three hospitals. An experimental group receiving a fully automated, web-based tailored
nursing intervention (TAVIE en m@rche), was compared to a control group receiving
hyperlinks to public websites. Steps per day were measured between randomization and 5
weeks (secondary outcome), and 12 weeks (primary outcome). Secondary outcomes of

self-reported energy expenditure for walking and for moderate to vigorous physical
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activity were measured between randomization, 5 and 12 weeks. Secondary prevention
program attendance, emergency department visits, hospitalizations, and angina frequency
were explored. The 1:1 allocation of random block assignments was concealed, and the

analysis was blinded.

Results: Sixty participants were randomized, and 39 (n = 20 experimental; n = 19
control) were analyzed for the primary outcome. No significant effects were found. For
the primary outcome, a minimal increase of 275.9, 95% CI [-1,043.0 to 1,594.8] steps per
day was found in favour of the experimental group. An increase in energy expenditure for
moderate to vigorous physical activity of 1,464.3, 95% CI [-469.2 to 3,397.8] Metabolic
Equivalent of Task-minutes per week was found in favour of the experimental group. No
differences were found between groups for secondary prevention program attendance,

emergency department visits, hospitalizations, and angina frequency.

Conclusions: Although no significant effects were found, a non-significantly greater
increase in self-reported energy expenditure for moderate to vigorous physical activity
may represent gains in health among the participants receiving access to TAVIE en
m(@rche. In context with previous randomized controlled trials in our field, our primary
result supports the need to explore novel combinations of web-based modes of delivery to

augment the effect on steps per day.
Introduction

Increasing physical activity is key in the secondary prevention of acute coronary
syndromes (ACS) among coronary artery disease (CAD) patients. Increased physical
activity or participation in an exercise-based secondary prevention program has been
associated with reduced mortality risk, reduced hospitalizations, and increased quality of
life in CAD patients (Anderson et al., 2016). Increasing moderate intensity physical
activity to the recommended 150 minutes per week in the secondary prevention of CAD
is associated with reduced mortality risk (Moholdt et al., 2018). Despite these benefits,
evidence has shown that 40% to 60% of CAD patients self-report insufficient levels of
physical activity (De Smedt et al., 2016; Janssen & Jolliffe, 2006; Reid et al., 2006).

Web-based interventions offer novel modalities to encourage increased physical

activity (Grace et al., 2014). Randomized controlled trials (RCTs) testing web-based
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interventions reported significantly improved physical activity outcomes in healthy adults
(Jahangiry et al., 2017). Significantly improved physical activity outcomes are also found
in adults with or without a chronic disease (including one cardiac), with a greater effect
found in studies that recruited insufficiently active participants (Davies et al., 2012). To
our knowledge, five RCTs were conducted in CAD populations that objectively measured
physical activity behaviour using activity tracker measuring step counts or physical
fitness using treadmill measuring exercise capacity (Devi et al., 2014; Lear et al., 2014;
Maddison et al., 2015; Reid et al., 2012; Widmer et al., 2017). In each RCT, participants
were recruited regardless of baseline physical activity levels. Interventions typically used
online written information, with or without smartphone messages, apps, video, or health

care professional involvement.

Interventions were nontailored (Lear et al., 2014; Maddison et al., 2015; Widmer
et al., 2017) or tailored (Devi et al., 2014; Reid et al., 2012). The three RCTs testing non-
tailored web-based interventions measured the primary outcome of exercise capacity
(physical fitness) compared to usual care (Lear et al., 2014; Maddison et al., 2015;
Widmer et al., 2017). Only one found a significant effect in favour of the experimental
group (Lear et al., 2014). Among the two tailored interventions, both reported a
significant effect on steps per day (physical activity behaviour) in favour of the
experimental groups compared to usual care (Devi et al., 2014; Reid et al., 2012). In
addition, significant effects were found in self-reported minutes per week of walking
(Maddison et al., 2015) and in moderate to vigorous physical activity (MVPA) in favor of
the experimental groups (Reid et al., 2012). Despite these positive findings, the paucity of
RCTs highlights the need for future investigations to test the effect of web-based tailored

interventions on objective physical activity outcomes in ACS populations.

We designed the fully automated (i.e., no health care professional involvement),
web-based tailored nursing intervention TAVIE en m@rche, to increase walking among
ACS patients, post-hospitalization. “TA VIE” means your life, and “en marche” means
walking. At the heart of the TAVIE en m@rche intervention is a Virtual Nurse who
provides a series of tailored information sessions. The messages provided by the Virtual

Nurse were delivered in French using videos of a real nurse. Drawing from our past work
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(Kayser et al., 2014), elements from Strengths-Based Nursing Care (Gottlieb, 2013) and
Self-Determination Theory (Teixeira et al., 2012) guided the design of the intervention.

The purpose of this RCT was to evaluate a web-based tailored nursing
intervention on increasing steps per day after an acute coronary syndrome. We report
findings for the primary hypothesis (H1) that TAVIE en m@rche will increase steps per
day between randomization and 12 weeks, and the secondary hypotheses of increased
steps per day between randomization and 5 weeks (H2) and increased energy expenditure
for walking and MVPA between randomization, 5 and 12 weeks (H3 to H6). Findings are
also reported for selected exploratory hypotheses that TAVIE en m@rche will yield more
participants attending a secondary prevention program; fewer participants with
emergency department visits or hospitalizations; and no differences between groups in

angina frequency.

Methods

Methods are organized according to CONSORT (Consort Group, 2010). As the
study protocol was previously published (Kayser et al., 2017), we provide a summary,
with the changes that occurred after study commencement (Trial registered in

ClinicalTrials.gov NCT02617641).
Study design and settings

This two-group parallel multicenter RCT included four teaching hospital centers

in Montréal. Randomization occurred at three sites due to lack of recruitment at one site.
Eligibility criteria

Participants were eligible if they reported physical activity that was less than 150
minutes per week of moderate intensity or 75 minutes per week of vigorous intensity six
months prior their hospitalization for an ACS event, and had no important comorbidity
impeding participation in moderate intensity physical activity by the third week

posthospital discharge. Those awaiting cardiac surgery were not approached because low

intensity activity is recommended for two to three months post-surgery.
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Interventions

During hospitalization at all recruitment sites, all participants received usual care,
which included regular discharge planning, and access to an onsite secondary prevention

program at the treating hospital.
Experimental group

The experimental intervention was described previously (Kayser et al., 2017).
Briefly, TAVIE en m@rche is a fully automated web-based tailored intervention
consisting of a Virtual Nurse who presented the content in pre-recorded videos. This
content was presented also in text format beside the video capsules, in addition to extra
content accessible in downloadable electronic documents. The intervention goal is to
encourage a progressive increase in moderate-intensity walking behavior, up to the
recommended 150 minutes per week. Participants had continued access to the
intervention until the last data collection period at 12 weeks. Participants could revisit

any session of TAVIE en m@rche at their discretion.

Following a general introduction tailored to each profile, the theoretically active
content was delivered in four sessions with an additional booster at eight weeks

postrandomization (Table 10).

The tailoring method of the TAVIE platform assigned each participant to one of
four profiles (A to D) according to three baseline tailoring measures. Profiles A, B, and C
represented patients that performed < 150 