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ABSTRACT
Background: The primary objective of this study was to determine
the effectiveness of a 3-month web-based computer-tailored
intervention on moderate-to-vigorous physical activity (MVPA) in
adults.
Methods: A total of 242 Canadian adults aged between 35 and 70
years were randomized to an experimental group receiving the
intervention or a waiting list control group. The fully automated
web-based computer-tailored physical activity intervention
consists of seven 10- to 15-min sessions over an 8-week period.
The theoretical underpinning of the intervention is based on the
I-Change Model.
Results: A repeated-measures ANOVA using a linear mixed model
showed a significant ‘group-by-time’ interaction favoring the
intervention group in self-reported MVPA (p = .02). The MVPA was
similar in both groups at baseline (mean ± SD; 176 ± 13 vs. 172 ±
15 min/week, p = .72) and higher in the intervention than in the
control group at a 3-month follow-up (259 ± 21 vs. 201 ± 22 min/
week, p = .04). This finding was comparable across women and
men (group-by-sex, p = .57) and across participants meeting or
not physical activity guidelines at baseline (group-by-baseline
physical activity, p = .43). Although engagement to the web-
based sessions declined over time, participants completing more
web sessions achieved higher self-reported MVPA (p < .05).
Conclusion: These findings suggest that this intervention is
effective in enhancing self-reported MVPA in this adult population
in the short term; however, this needs to be confirmed in a larger
trial with better engagement to the web-based sessions.
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In the field of behavioral medicine, more behavior change interventions are moving from
the traditional patient–provider encounters to eHealth technology platforms (Michie,
Yardley, West, Patrick, & Greaves, 2017; Moller et al., 2017; Webb, Joseph, Yardley, &
Michie, 2010). Although the scope of definitions of eHealth has varied considerably
over the past 15 years (Boogerd, Arts, Engelen, & van de Belt, 2015; Oh, Rizo, Enkin,
& Jadad, 2005; Shaw et al., 2017), researchers, policymakers, and practitioners neverthe-
less agree that these technologies represent a promising public health low-cost approach.
Most especially, eHealth technology can simultaneously reach a large number of a popu-
lation target group (e.g. adults) to promote and maintain their health through primary or
secondary prevention and management of health problems (Bennett & Glasgow, 2009).
Among the eHealth technologies available are those dedicated to supporting healthy life-
style behaviors (Shaw et al., 2017). In this regard, the promotion of regular physical
activity (PA) has received significant research attention over the last 20 years (Müller
et al., 2018). While many systematic reviews reveal the effectiveness of eHealth technol-
ogies in making more people physically active (Cotie et al., 2018; Davies, Spence, Vande-
lanotte, Caperchione, & Mummery, 2012; Jahangiry, Farhangi, Shab-Bidar, Rezaei, &
Pashaei, 2017; LaPlante & Peng, 2011), levels of insufficient physical activity are particu-
larly high and still rising in high-income countries (Guthold, Stevens, Riley, & Bull,
2018). For instance, in Canada, this behavior poses a public health challenge, as only
15% of Canadian adults achieve the recommended 150 min of moderate-to-vigorous
physical activity (MVPA) weekly (Statistics Canada, 2015).

Among eHealth technologies, computer-tailoring technology is one of the most widely
used to promote regular physical activity (systematic reviews (Broekhuizen, Kroeze, van
Poppel, Oenema, & Brug, 2012; Neville, O’Hara, & Milat, 2009; Short, James, Plotnikoff,
& Girgis, 2011) and meta-analyses (Krebs, Prochaska, & Rossi, 2010; Noar, Benac, &
Harris, 2007)). This technology provides an innovative and potentially beneficial
avenue to reach many of the insufficiently active Canadian adults to increase their
levels of MVPA. This technology assesses individuals’ perceived health behavior status
and the determinants of their motivation and behavior. Using data-driven decision
rules, the technology provides automated tailored feedback about these determinants
based on participants’ answers and personal characteristics (de Vries & Brug, 1999;
Krebs et al., 2010). The rationale underpinning computer-tailoring technology is based
on the Elaboration Likelihood Model (Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra,
2008). In brief, by enhancing the perceived relevance of health messages and thus per-
sonal involvement, as shown by studies using functional magnetic resonance imaging
(Chua, Polk, Welsh, Liberzon, & Strecher, 2009; Chua et al., 2011), computer-tailoring
technology enables users to give more thoughtful consideration of health messages.
Hence, using the central route of information processing will determine the extent of
cognition changes (e.g. attitude, self-efficacy) and then support the adoption of healthy
lifestyle behaviors. In addition to its automated yet personalized nature (de Vries &
Brug, 1999), several advantages are associated with computer-tailoring (Lustria et al.,
2013). These advantages include the possibility of interacting with many users under
free-living conditions (Schulz, Kremers, et al., 2014) as well as its cost-effectiveness
(Peels et al., 2014; Schulz, Smit, et al., 2014) and cost-utility (Schulz, Smit, et al., 2014).

While computer-tailored interventions have the potential to favorably influence
health behaviors (Krebs et al., 2010; Lustria et al., 2013), more research is needed
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regarding some issues pertaining to physical activity (PA). Davies et al. (2012) meta-
analysis of internet-delivered PA interventions, including computer-tailoring technol-
ogy, showed that studies classifying participants as less physically active (e.g. not reaching
PA guidelines) at baseline produced greater effects on PA behavior than studies that did
not screen participants for baseline PA levels. Yet, most new research on computer-tai-
lored PA interventions has analyzed the interventions’ effectiveness without considering
the participants’ baseline PA levels (Friederichs, Oenema, Bolman, & Lechner, 2015; Gol-
steijn et al., 2018; Gomez Quiñonez, Walthouwer, Schulz, & de Vries, 2016; Peels et al.,
2014; Plaete, De Bourdeaudhuij, Verloigne, & Crombez, 2015). This suggests that future
computer-tailored intervention studies should assess adults who do not meet PA guide-
lines when measuring their effectiveness.

Achieving the recommended 150 min per week of MVPA is apparently more challen-
ging for Canadian women than it is for Canadian men (Colley et al., 2011), perhaps due
to men’s and women’s differing beliefs and motives to participate in MVPA (Hankonen,
Absetz, Ghisletta, Renner, & Uutela, 2010; Koivula, 1999; Molanorouzi, Khoo, & Morris,
2015; Rhodes et al., 2014). This suggests that specific beliefs and motives may need to be
integrated when designing an intervention in order to promote MVPA among adult
women (Edwards & Sackett, 2016). Computer-tailoring technology offers precisely this
possibility by developing customized messages to promote women’s regular participation
in MVPA. Another issue concerns participants’ education levels. Higher attrition rates
among participants with low- or mid-level education have been documented in compu-
ter-tailored interventions, possibly due to difficulties processing information (Reinwand
et al., 2015). Relative to text-delivery tailored feedback, video-delivery tailored feedback
has been found to be more efficient at gaining participants’ visual attention in a web-
based PA intervention (Alley et al., 2014); however, this last observation was analyzed
without assessment of the participants’ educational attainment. There is a need to deter-
mine whether video-delivery tailored PA feedback facilitates information processing
among participants with low- or mid-level education.

The main objective of this study was to test the short-term effectiveness of a stand-
alone, fully automated, web-based, computer-tailored PA intervention on MVPA in
adults. The secondary objectives were: (1) to assess the effectiveness of the interven-
tion according to different PA levels at baseline and sex, (2) to analyze whether the
completion of all web sessions varied in relation to participants’ sociodemographic
and PA behavioral characteristics, and (3) to determine whether video-delivery tai-
lored PA feedback information processing varied among participants with different
education levels.

Method

Study design, population, and randomization

The study was a parallel randomized controlled trial (ISRCTN 36353353), with the exper-
imental arm receiving the web-based computer-tailored intervention and the control arm
receiving only the same baseline and final evaluations as the experimental group. The
control group received the intervention after the trial. Details concerning the design,
recruitment and population have been described previously (Boudreau et al., 2015).
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The participants were men and women from urban and rural Quebec City who were
enrolled in the international Prospective Urban and Rural Epidemiological (PURE) study
(Teo, Chow, Vaz, Rangarajan, & Yusuf, 2009). The eligibility criteria for the present study
included: (1) age between 35 and 70 years; (2) no history of cardiovascular disease; (3) no
limitations concerning the ability to walk; and (4) familiarity with and home access to a
computer. At first, the eligibility criteria included only participants who did not reach the
recommended 150 min of MVPA weekly. Following the assessment of the baseline
recruitment, the research team decided to also include participants achieving the Cana-
dian physical activity guidelines.

In April 2014, potential participants received an email communication describing the
study and an electronic participation form. Interested participants were invited to com-
plete and return the form to the center. A follow-up reminder email was sent to non-
respondents one week after the invitation. There was no other intervention or promotion
for the recruitment of potential participants.

Excel software (RAND function) was used by a member of the research team (A-S B)
to randomize eligible participants to the intervention or control arm. Men and women
living together were assigned to the same arm based on the first spouse’s randomized
allocation. Participants were stratified based on their cardiovascular risk (low, moderate,
high) according to the INTERHEART Modifiable Risk Score (McGorrian et al., 2011).
Three members of the research team (FB, GT, A-S B) and participants were not
blinded to group allocation. The study protocol was approved by the ethics committees
of the Université du Québec à Trois-Rivières and the Institut Universitaire de Cardiolo-
gie et de Pneumologie de Québec. Each participant received information on the study
objective and protocol and gave their informed consent online via the study website
during the registration process.

Web-based computer-tailored intervention

Automatization of the tailoring process was realized with an online tool offering
advanced possibilities called TailorBuilder (OverNite Software Europe). Through
logical algorithms, the participant received tailored feedback from a set of previously for-
mulated feedback that matched with the online questionnaire scores on PA behavior and
determinants regarding behavior (Romeike, Lechner, de Vries, & Oenema, 2016), which
was completed during the first session. More specifically, the TailorBuilder is a tool that,
by inputting questions, feedback and formulas, generates tailor-made advice. The Tailor-
Builder is fully web-based. This means that both the development of the intervention by
the research team and the intervention itself occurred via the Internet. The advantage of
this medium is that the TailorBuilder was available on every computer with an Internet
connection. Another advantage is that the TailorBuilder never has to be installed.

The development of the fully automated web-based computer-tailored intervention
was based on the I-Change Model (de Vries, Kremers, Smeets, Brug, & Eijmael, 2008)
which incorporates several socio-cognitive models, including the theory of planned
behavior (Ajzen, 1991), the social-cognitive theory (Bandura, 1986), the transtheoretical
model (Prochaska & Velicer, 1997), and the goal-setting theory (Locke & Latham, 1994).
The intervention content consisted of seven sessions requiring approximately 10–15 min
each to complete, which could be performed over a period of eight weeks (see Table 1 for
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participants’ progress through the weeks). For each of the sessions, participants were
invited to log in with a username and password provided by the research team during
the registration process. To remind participants that they could continue with the next
session, an automated email was sent seven days after session completion. In the case
of a non-response, a reminder email was sent 10 days after session completion. Partici-
pants received tailored feedback on their physical activity level and the following I-
Change Model determinants: knowledge, risk perception, attitude, social influence,
self-efficacy, and PA intention. For instance, for PA intention, there were three possible
tailored feedbacks, depending on the expressed level of intent to engage in regular PA:
low, moderate and high intent. For those characterized by a low intention, the
message was as follows:

Table 1. Overview of the web-based computer-tailored physical activity intervention sessions.
Session 1 (week 1)
• Explanation of the study
• Obtaining informed consent for taking part in the study
• Baseline measurement: demographics, physical activity level, and I-Change Model variables
Session 2 (immediately after session 1 or wait a few days before starting the session).
• Introduction of the session: explanation of the intervention and the different sessions
• Tailored feedback related to participant’s belief of the benefits of physical activity on their heart
• Optional: information about the Canadian guidelines and the different intensity categories of physical activity
• Tailored feedback on physical activity levela

• Tailored feedback on attitudea,b

• Summary of session
Session 3 (one week after session two)
• Introduction of the session
• Tailored feedback on intentiona

• Tailored feedback on self-efficacy
• Tailored feedback on social influence (social support, modelling, and social norm)a

• Optional: tailored feedback on attitude (same as in session 1)a,b

• Goal setting: selection of amount of physical activity increase (10–60 min per week)
• Change date: setting date when starting with goal (7–14 days after session 3)
Session 4 (four days before the day they want to increase their moderate-to vigorous-intensity PA level)
• Introduction of the session
• Information about the use of preparatory plans
• Assessment of self-efficacy towards achieving goal
• Tailored feedback on self-efficacy towards achieving goal
• Assessment of self-efficacy towards achieving goal in difficult situations
• Tailored feedback on self-efficacy towards achieving goal in difficult situations
• Summary of the session
Session 5 (one week after the change date)
• Introduction of the session
• Assessment physical activity level during past week
• Tailored feedback on physical activity progressa

• Optional: tailored feedback on intention, self-efficacy, social influence, and attitude (identical to session 2)
• Coping planning: assessment of difficult situationsb

• Coping planning: tailored feedback on selected difficult situation(s)b

• Coping planning: selection of coping option(s)b

• Summary of the session
Session 6 (two weeks after session 5)
• Identical to session 5
• Additional: information about how to main behavior changes on long-term
• Summary of the session
Session 7 (four weeks after session 5)
• Identical to session 6
• Additional: process evaluation

Note: aThis part was delivered using videos for people with a low educational level; bThis part includes additional infor-
mation for women.
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Dear [participant name], you have indicated that you do not intend to be regularly phys-
ically active in the next month. This is entirely understandable! It can be difficult to be reg-
ularly physically active and sometimes it takes a lot of effort. Let’s take a closer look together
at why you don’t intend to be regularly physically active.

Subsequently, on the same principle of low, moderate, and high scores, the participant
received tailored feedback related to their attitude, social influence, and self-efficacy. Fur-
thermore, women received feedback on additional beliefs particularly relevant to them
(e.g. not having sufficient time to exercise because of family responsibilities). Likewise,
during the intervention, instead of text, participants with low-level (less than a high
school diploma) to mid-level (high school diploma) education received tailored feedback
regarding their physical activity level and their I-Change Model beliefs via video delivery.
A total of 33 video-delivery tailored feedback recordings were created by Point Bleu Pro-
ductions (Trois-Rivières, Canada). Table 1 presents an overview of the content of each
session. However, a previous publication presents in more detail the content of each
of the web sessions (Boudreau et al., 2015).

Measures

Participation in moderate-to-vigorous physical activity
Participants in both arms of the study underwent a standardized evaluation at baseline and
at a 3-month follow-up. A slightly modified version of the validated Godin-Shephard
Leisure Time Physical Activity Questionnaire was used (Godin & Shephard, 1985). Partici-
pants were asked to self-report: (1) the frequency of their practiced intensity-specific PA (i.e.
light, moderate, vigorous) in a typical seven-day period and (2) the average duration, in
minutes, of these activities for each intensity category. In the original questionnaire, the dur-
ation of PA sessions was expressed as ‘more than 15minutes.’Greater precision concerning
the duration of intensity-specific PA should strengthen the assessment of the behavior. The
procedure for calculating the total minutes of MVPA per week was as follows. First, the
weekly duration in minutes of each category of intensity-specific physical activities was cal-
culated separately by multiplying the frequency of days per week by the activity duration.
The reported minutes per week in each category were then weighted by a metabolic equiv-
alent (MET) energy expenditure estimate. Light-, moderate-, and vigorous-intensity activi-
ties were considered equivalent to 3.3, 4, and 8METs, respectively (IPAQ, 2005). Finally, the
weighted MET-minutes per week (MET-min/week) were calculated for each category of
intensity-specific physical activities as follows: (duration/session) × (frequency of sessions/
week) × (MET intensity), where a score greater than or equal to 600 MET-min/week was
equivalent to 150 min of MVPA per week (Detry & Ma, 2016).

Psychosocial determinants
Participants answered questions regarding some of the I-Change Model variables on the
study website. Table 2 (panel A) describes each of these variables and their psychometric
values. All variables were assessed at the baseline; however, only intention and self-efficacy
were reassessed after three months to avoid a lengthy follow-up questionnaire. This choice
was based on a Canadian study that showed support for a significant relationship for each
of these two determinants with changes in PA (Plotnikoff, Lubans, Trinh, & Craig, 2012).
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Processing of information
Participants were invited to complete the assessment during the seventh and last web
session. Those who did not were invited to do so during the 3-month follow-up. The
information was assessed using four variables, as described in Table 2 (panel B). In
addition, all participants were asked to provide an overall evaluation of the intervention
on a 10-point scale ranging from ‘very bad’ (+1) to ‘very good’ (+10). Assessment regard-
ing the video-delivery tailored feedback was also evaluated for participants with low- or
mid-level education.

Table 2. Description of the psychosocial (panel A) and processing of information variables (panel B).

Variables
Seven-point

scales
Internal

consistencya

Panel A – Psychosocial variables
Intention 0.76b

• I intend to practice regularly one or more physical activities in my free times
within the next month

Unlikely/likely

•My plans are to practice regularly one or more physical activities in my free times
within the next month

Disagree/agree

Attitude-pros of physical activity (example below for one the seven items) 0.79
• If I practiced regularly one or more physical activities in my free times within the
next month, I would have a better control of my weight

Unlikely/likely

Attitude-cons of physical activity (example below for one of the six items) 0.69
• If I practiced regularly one or more physical activities in my free times within the
next month, I would miss time to do other things

Unlikely/likely

Social influence (example below for one of the four items) 0.84
• My physician/wife/husband encourage/support me to do regular physical
activity

Disagree/agree

Social norm 0.87b

• According to people who are part of your daily life, you should be physically
active on a regular basis

Disagree/agree

• People who are part of your daily life think that it is important for you to be
physically active on a regular basis

Disagree/agree

Modeling 0.66b

•Most people who are part of your daily life are physically active on a regular basis Disagree/agree
• Among the people who are part of your daily life, how many are physically active
on a regular basis?

None/
everybody

Self-efficacy (example below for one of the thirteen items) 0.91
• I am able to be sufficiently physically active when the weather is bad
Panel B – Processing of information variables
Attention for the tailored feedback 0.90
• The feedback and information attracted my attention Disagree/agree
• The feedback and information kept my attention Disagree/agree
• The feedback and information were attractive Disagree/agree
Comprehension of the tailored feedback 0.80
• The feedback and information were clear. Disagree/agree
• The feedback and information were understandable. Disagree/agree
• The feedback and information were hard to understand. Disagree/agree
Appreciation of the tailored feedback 0.95
• The feedback and information were interesting Disagree/agree
• The feedback and information were useful Disagree/agree
• The feedback and information were motivating Disagree/agree
• I liked the feedback and information Disagree/agree
• The feedback and information suited me well
Persuasion of the tailored feedback 0.84
• The feedback and information were convincing Disagree/agree
• The feedback and information were credible Disagree/agree
• The feedback and information were reliable Disagree/agree

Note: aInternal consistency was reported as Cronbach’s alpha coefficient for variables of 3 items or more; bSpearman’s
correlation coefficient for variables of 2 items.
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Sample size

Sample size was calculated using the G*Power software platform (Faul, Erdfelder, Lang,
& Buchner, 2007). Assuming a power of 0.80, an alpha value of 0.05 and a moderate cor-
relation (r = 0.5) between baseline and 3-month follow-up PA measures, it was deter-
mined that a total sample size of 200 participants was required to detect a small effect
size ( f = .10) based on Cohen’s convention (Cohen, 1992). This effect size was chosen
in accordance with findings reported in the field of computer-tailored interventions
(Krebs et al., 2010). Participants invited to the present study (n = 1269) should provide
flexibility to obtain the sufficient statistical power at the 3-month follow-up, based on
an expected attrition rate of 40% (Peels et al., 2012).

Statistical analysis

The 3-month effectiveness of the intervention for increasing weekly minutes of self-
reported MVPA was assessed with repeated measures ANOVA using a linear mixed
model. Linear mixed models can properly account for correlations among repeated
measurements on the same subject and have greater flexibility to model time effects
(Gueorguieva & Krystal, 2004). Moreover, linear mixed models are better able to
handle missing observations (Peters et al., 2012; Twisk, de Boer, de Vente, &
Heymans, 2013). Multiple imputation was, however, carried out as a sensitivity analysis
in order to verify the robustness of the findings based on the linear mixed model analysis
(Thabane et al., 2013).

The model considered a within-subject fixed effect (baseline, 3-month follow-up), a
between-subject fixed effect (intervention group, control group), a two-way interaction
effect ‘time-by-group’ and the addition of a random effect (subject effect nested within
the group effect). Furthermore, potential interaction effects due to ‘sex-by-group,’ ‘base-
line PA level-by-group,’ ‘education level-by-group,’ and ‘age-by-group’were added to the
model to ensure that the effectiveness of the intervention on self-reported MVPA was not
dependent on participants’ baseline PA behavior or socio-demographic characteristics.
The covariance structure was tested, and the heterogeneous compound symmetry covari-
ance matrix appeared to be the most adequate for the model based on Akaike’s Infor-
mation Criterion (Bozdogan, 1987). Minutes of MVPA were positively skewed and
were square root-transformed for the analysis. The residual plot was visually inspected
and was not observed to obviously deviate from homoscedasticity or normality. For a
better understanding of the results, the non-transformed mean scores have been used.
The analysis was adjusted for baseline covariates (Deaton & Cartwright, 2018). The
same analysis was repeated, but this time by evaluating the 3-month effectiveness of
the intervention on two key psychosocial determinants susceptible to influence the
primary outcome, namely ‘intention to practice regular MVPA’ and ‘sense of self-
efficacy over regular MVPA’. These two determinants are borrowed from the theoretical
framework, the I-Change model, and were targeted by the intervention. To verify
whether the completion of all web sessions differed according to participants’ character-
istics, a binary logistic regression was conducted with intervention completion (0 = no/1
= yes) as the dependent variable and sex, age, level of education, PA intention at baseline,
and achieving (or not) PA guidelines as the predictors of intervention completion.
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Likewise, to verify whether the number of web sessions completed had an effect on self-
reported MVPA, a post-hoc trend analysis was performed by means of a linear poly-
nomial contrast using an ANOVA. To identify any difference between participants
with low- or mid-level education and high-level education and the impact of exposure
to video-delivery and text-delivery tailored feedback, respectively, on attention for tai-
lored feedback, comprehension, appreciation, and persuasion, four 1-way ANOVAs
with a Bonferroni correction were performed.

The significance levels were set at p < .05 for all analyses, except for testing the inter-
action terms (p < .10), which have less power (Twisk, 2006). The software Statistical
Analysis System (SAS version 9.4, SAS Institute) was used to perform the statistical ana-
lyses in line with the study’s objectives.

Results

Study population

Of the 2,790 participants, 1,269 met the eligibility criteria and were randomized to the
intervention (n = 660) or control (n = 609) arm. Of the 660 participants randomized to
the intervention group, 434 (65.8%) did not reply to the two email invitations, 30
(4.5%) refused to participate, 196 (29.7%) expressed interest, and 131 gave consent
and underwent baseline measurements. Of the 609 participants randomized to the
control arm, 414 (68.0%) ignored the two email invitations, 34 (5.6%) refused to partici-
pate, 161 expressed interest, and 111 gave consent and underwent baseline measure-
ments. Finally, 80 (60%) of the 131 participants in the intervention group and 93
(84%) of the 111 participants in the control group completed the 3-month follow-up
(Figure 1).

There were no differences in age, sex, education level, cardiovascular risk factors,
INTERHEART modifiable risk score, physical activity intention, or MVPA between
the participants in the intervention and those in the control groups (Table 3). In terms
of dropouts, participants in the intervention group had 3.5 times higher odds of dropping
out of the study than those in the control group (95% CI [1.88–6.67], p < .001). Likewise,
for each one-year reduction in age, the odds of dropping out of the study increased by a
factor of 1.04 (95% CI [1.00–1.08], p = .049).

Intervention effects on moderate-to-vigorous physical activity and psychosocial
determinants

A linear mixed model-repeated measures ANOVA showed a significant ‘group-by-time’
interaction, F(1, 167) = 5.37, p = .02, indicating that participants in the intervention
group experienced a significantly larger increase in self-reported weekly minutes of
MVPA than participants in the control group. The sensitivity analysis using multiple
imputation produced comparable results, t(1596.3) = 1.76, pinteraction = .08. Figure 2
shows the differences between the study groups at each time point. At baseline, the
self-reported weekly minutes of MVPA did not differ significantly between the interven-
tion and the control group (mean ± SD; 176 ± 13 vs. 172 ± 15 min/week), F(1, 181) =
0.14, p = .72. In contrast, at the final 3-month follow-up, weekly minutes of MVPA
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were significantly higher in the intervention group than in the control group (259 ± 21 vs.
201 ± 22 min/week), F(1, 175) = 4.04, p = .04. There were no significant interaction effects
on average weekly minutes of MVPA for ‘sex-by-group’ (p = .57), ‘baseline PA level-by-
group’ (p = .43), ‘education level-by-group’ (p = .92), or ‘age-by-group’ (p = .69). All
main effects on average weekly minutes of MVPA were not statistically significant (edu-
cation, p = .74; sex, p = .95; age, p = .21; group, p = .87), except for the main effect of par-
ticipants’ baseline PA (p < .001).

As for the two key psychosocial determinants, no significant ‘group-by-time’ inter-
action was found for ‘intention to practice regular MVPA’, F(1, 218) = 0.47, p = .50,
and ‘sense of self-efficacy over regular MVPA’, F(1, 205) = 0.26, p = .61.

Participation levels within the intervention group

Participation in the different sessions varied, as follows: session 1 (n = 131, 100%), session
2 (n = 124, 95%), session 3 (n = 105, 80%), session 4 (n = 91, 70%), session 5 (n = 72, 55%),
session 6 (n = 55, 42%), and session 7 (n = 46, 35%). Of the five predictors of intervention
completion, defined as participating in all seven web sessions, four were statistically sig-
nificant: participants meeting PA recommendations at baseline, OR = 3.32, 95% CI
[1.44–7.66], p = .005; participants having a mid-level education, OR = 2.78, 95% CI
[1.04–7.42], p = .04; participants being women, OR = 2.34, 95% CI [1.00–5.46], p = .049;
and participants being older, with a one-year increase in age increasing the odds of parti-
cipating in all seven web sessions by a factor of 1.08, 95% CI [1.02–1.14], p = .01.

Figure 1. CONSORT flow chart of participants through the study.
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To analyze whether the number of web sessions completed has an effect on self-
reported MVPA, a post-hoc trend analysis was performed by means of a linear poly-
nomial contrast using an ANOVA. Participants completing more web sessions had a
higher MVPA, F(1, 77) = 4.74, p < .05. The difference between baseline and 3-month
assessments was an increase of 3.9 min per week for participants who completed sessions
one through three and increases of 46.8 and 78.9 min per week for those who completed
sessions four through five and six through seven, respectively.

Processing of information for video-tailored feedback and text-tailored
feedback

As shown in Table 4, the information processing indicates that participants in the inter-
vention group scored relatively high on attention, comprehension, appreciation, and per-
suasion of the tailored feedback. No significant differences were observed between
participants exposed to the video-tailored feedback (mid-level education) and those
exposed to the text-tailored feedback (high-level education) regarding the

Table 3. Characteristics of the randomized participants at baseline.
All participants

(n = 242)

Control
(n = 111)

Intervention
(n = 131)

p
value

Sociodemographics
Mean age (SD), years 55.6 (7.3) 57.0 (7.3) .13
Sex, n (% within group)
Women 80 (72.1) 83 (63.4) .15
Men 31 (27.9) 48 (36.6)

Highest education level completed, n (% within group) .13
High school (mid-level education) 14 (12.6) 26 (19.8)
College/university (high-level education) 97 (87.4) 105 (80.2)

Cardiovascular risk factors
Smoking behaviour, n (% within group)
Current 9 (8.1) 5 (3.8)
Never 58 (52.3) 68 (51.9)
Former 44 (39.6) 58 (44.3)

Mean body mass index (SD), kg/m2 25.8 (4.8) 26.4 (4.3) .33
Mean blood pressure (SD), mm Hg
Systolic 126 (18.9) 127.9 (17.8) .43
Diastolic 78.8 (11.2) 80.2 (11) .33

Mean low-density lipoprotein level (SD), mmol/L 2.9 (.74) 3.1 (.85) .29
Mean high-density lipoprotein level (SD), mmol/L 1.7 (.43) 1.7 (.46) .90
Mean apolipoprotein B level (SD), mmol/L .92 (.23) .91 (.24) .66
Mean triglycerides level (SD), mmol/L 1.2 (.73) 1.2 (.70) .99
Mean glycemia level (SD), mmol/L 5 (.61) 5 (.83) .88
Cardiovascular modifiable risk scorea n (% within group)

Low 35 (31.5) 41 (31.3)
Moderate 48 (43.2) 57 (43.5)
High 28 (25.2) 33 (25.2)

Physical activity
Mean physical activity intention (SD), score varying from +1 (very low) to +7
(very high).

5.9 (1.6) 6.1 (1.4) .25

Mean sense of self-efficacy over physical activity (SD), score varying from +1
(disagree) to +7 (agree).

5.1 (1.1) 5.2 (1.1) .45

Mean moderate-to-vigorous physical activity behaviour (SD), minutes per week 147.6 (174.0) 158.3 (213.8) .67

Note: aAccording to the INTERHEART modifiable risk score (McGorrian et al., 2011).
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aforementioned concepts (all ps > .05). With respect to the overall evaluation of the inter-
vention, no significant difference was observed between participants exposed to the
video-tailored feedback (M = 8.05, SD = ±1.50) and those exposed to the text-tailored
feedback (M = 7.61, SD = ±1.69), F(1,89) = 1.10, p = .30. Finally, participants with mid-
level education expressed that the pace of the video-tailored feedback was ‘near
perfect,’ ‘agreed’ that it was pleasant to listen to the people who gave the advice in the

Table 4. Processing of information according to the type of tailored delivery feedback.

All
Participants

Participants
receiving
video-
tailored
feedback
(n = 20)

Participants
receiving

text-tailored
feedback
(n = 71)

F pMean SD Mean SD Mean SD

Attention for the tailored feedbacka 5.66 1.23 5.66 1.48 5.66 1.16 0.00 .99
Comprehension of the tailored feedbacka 4.98 0.51 5.13 0.71 4.94 0.43 2.34 .13
Appreciation of the tailored feedbacka 5.75 1.16 6.04 0.97 5.68 1.20 1.55 .22
Persuasion of the tailored feedbacka 5.91 1.03 6.18 0.83 5.83 1.07 1.85 .18
Overall assessment of the interventionb 7.71 1.65 8.05 1.50 7.61 1.69 1.10 .30
How did you experience the pace at which the feedback
and information were given in the videos?c

– – 3.94 0.66 – – –

The people who gave the advices in the videos were
pleasant to listen to/watcha

– – 6.29 0.77 – – –

How did you experience receiving feedback and
information via videos?d

– – 6.29 1.21 – – –

Note: aScores varied between +1 (strongly disagree), +7 (strongly agree); bScores varied between +1 (very bad), +10 (very
good); cScores varied between +1 (much too fast), +4 (perfect pace), +7 (much too slow); dScores varied between +1
(totally not pleasant) to +7 (very pleasant).

Figure 2. Estimated marginal means of weekly minutes of moderate-to-vigorous physical activity for
intervention and control groups at baseline and at 3-month follow-up. *Significant difference between
the intervention and control groups. MVPA, moderate-to-vigorous physical activity.
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videos, and found the experience of receiving feedback and information via videos ‘plea-
sant’ (Table 4).

Discussion

This randomized controlled trial was mainly conducted to determine the effectiveness of
a web-based computer-tailored PA intervention at a 3-month follow-up. Although
recruitment and engagement were lower than expected, the intervention was associated
with a significant increase in self-reported MVPA relative to the control group. Predic-
tors regarding participation in all seven web-based sessions were: meeting PA rec-
ommendations at baseline, having a mid-level education, being a woman, and being
older. In addition, the more web sessions participants achieve, the greater their self-
reported MVPA tended to be at the 3-month follow-up. Finally, regardless of the type
of delivery feedback (video- or text-delivery), participants scored relatively high on
different dimensions of information processing.

In randomized studies using computer-tailoring technology targeting healthy adults,
Plaete et al. (2015) also found an increase in moderate intensity PA at a 1-month follow-
up, while Compernolle, Vandelanotte, Cardon, De Bourdeaudhuij, and De Cocker (2015)
found no significant increase in MVPA at a 3-month follow-up. While these studies had
objectives other than testing whether the effectiveness of the interventions was dependent
on participants’ socio-demographic characteristics, the present study adds new knowl-
edge in the field of web-based computer-tailored PA interventions. Indeed, the
findings suggest that the used intervention could be implemented to promote regular
MVPA in women and men of all ages with both mid- and high-level education,
meeting or not meeting physical activity guidelines. These results are in line with
those of Cheung et al. (2017), who highlighted that the effectiveness of a video-delivery
tailored intervention on average daily energy intake after one year was not dependent on
participants’ educational levels or body mass index.

For the two key psychosocial determinants that may influence MVPA participation,
namely intention and self-efficacy, no significant difference was observed between par-
ticipants in the intervention and control groups at 3-month follow-up. As a possible
explanation, for ‘intention to practice regular MVPA’, the mean baseline score was
quite high in both groups; therefore, due to this ceiling effect, a more pronounced
increase for participants in the experimental group compared with the control group
was rather difficult. An alternative explanation is that other determinants of the I-
Change model, not assessed at 3-month follow-up, such as attitude and social
influence, could explain the difference in self-reported MVPA participation between
the two groups of participants. Finally, as meta-analyses have already suggested, inten-
tion alone is insufficient to enable participants to act on their behavior (Rhodes &
Dickau, 2012; Webb & Sheeran, 2006). In the context of the present study, to bridge
the intention-behavior gap for the participants in the experimental group, behavioral
self-regulation techniques were used duringWeb-based sessions 3 (e.g. preparatory plan-
ning, goal setting) and 4 (e.g. tailored feedback on PA progress, coping planning). The
use of these techniques could explain the difference in self-reported MVPA participation
between the two groups of participants at 3-month follow-up. However, the study was
not designed to assess the effectiveness of these self-regulation techniques.
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Although the pattern of change in self-reported MVPA was independent of partici-
pants’ behaviors at baseline, participants who did not meet PA recommendations at base-
line significantly increased minutes of MVPA following exposure to the web-based
tailored intervention. A recent meta-analysis also highlighted the short-term effective-
ness of PA interventions among participants who did not meet PA recommendations
at baseline (Howlett, Trivedi, Troop, & Chater, 2019); however, most of the studies
selected involved direct contacts with the participants (face-to-face, telephone call, super-
vised training, etc.). Relative to those conventional interventions, one of the key advan-
tages of the present web-based tailored intervention is its personalized yet automated
nature. Like Arem et al.’s meta-analysis (Arem et al., 2015), the present study points
out the importance of delivering messages designed specifically for participants who
do not meet PA guidelines at baseline; these participants could benefit the most from
increasing their behavior to reduce their risk of cardiovascular disease.

Like participants who did not meet PA guidelines at baseline, women exposed to the
web-based tailored intervention significantly increased their level of self-reported
MVPA. As there is insufficient evidence to assess the effectiveness of community-
based interventions to enhance PA among women (Amiri Farahani et al., 2015), the
current findings suggest the relevance of an intervention designed specifically for
women to efficiently promote regular MVPA. While other internet-based PA interven-
tions in middle-aged women have also been effective (Lieber et al., 2012; Peyman
et al., 2018), promoting regular PA specifically for this group through eHealth interven-
tions continued to pose a challenge (Reed et al., 2015). In this way, the present study con-
tributes to our knowledge regarding the potential of computer-tailoring technology to
promote PA among women.

In accordance with other studies, the present study experienced documented declining
engagement to the seven web-based sessions (Edney et al., 2019; Friederichs, Oenema,
Bolman, & Lechner, 2016; Reinwand et al., 2016; Storm et al., 2016; Voncken-Brewster
et al., 2015; Walthouwer, Oenema, Lechner, & de Vries, 2015). This non-engagement
is not unique to web-based computer-tailored PA interventions; online social network
interventions also suffer low participant commitment (Maher et al., 2014). In fact, com-
mitment toward (or re-use of) the current web-based computer-tailored intervention is
consistent with the idea that one of the most substantial issues in e-health technologies is
participants’ engagement (Barello et al., 2016; Kohl, Crutzen, & de Vries, 2013; Perski,
Blandford, West, & Michie, 2017; Yardley et al., 2016). During the present intervention,
personalized and automated emails inviting non-adherent participants to complete the
web sessions did not suffice to maintain participant engagement throughout the inter-
vention, despite evidence that this effectively increases engagement (Schneider, de
Vries, Candel, van de Kar, & van Osch, 2013). However, regardless of the strategies
used, one of the critical aspects of participants’ engagement in an eHealth intervention
aimed at the adoption of healthy lifestyles is to fully appreciate participants’ needs and
perspectives by involving them in the development of the intervention (Yardley et al.,
2016). Within the context of the present study, the intervention had to be developed,
implemented and evaluated within one year due to the short funding period. This
made it difficult to optimally implement methods to better understand the needs and per-
spectives of participants (e.g. focus groups, usability testing), which might explain in part
the observed disengagement. Many experts believe that, ultimately, the issue of
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participants’ engagement can be explained by the fact that their needs and perspectives
are not taken into account when designing an eHealth intervention (Birnbaum, Lewis,
Rosen, & Ranney, 2015). Considering our data suggesting that participating in all web
sessions improves the effect on practice of self-reported MVPA, future studies should
use innovative ideas to foster participants’ engagement. More precisely, based on the con-
ceptual framework of Cole-Lewis, Ezeanochie, and Turgiss (2019), innovative ideas for
fostering engagement could be directed towards (1) improving interactions with inter-
vention features designed to encourage frequency of use and make the participant experi-
ence attractive and (2) improving participant interactions with the components of
behavior change intervention that influence the determinants of health behavior and sub-
sequently influence health behavior.

No difference was observed in information processing between participants with mid-
level education exposed to video-delivery tailored feedback and those with high-level
education exposed to text-delivery tailored feedback. These data must be interpreted cau-
tiously, as the participants with mid-level education exposed to video-tailored feedback
should have been compared with other participants with mid-level education exposed to
text-video feedback. However, due to the small number of participants with m16id-level
education, the comparison was performed with participants with high-level education.

Study limitations and strengths

Only the short-term effect was assessed in this study due to the duration of the research
grant (i.e. one year). Second, while the sample size needed for the 3-month follow-up
was estimated at 200 participants, 183 participants actually completed the follow-up ques-
tionnaire. Therefore, the participation rate for the 3-month follow-up was less than esti-
mated. It is possible that a more optimal recruitment and retention strategies would
have resulted in a larger sample size at 3 month follow up (Watson, Mull, Heffner,
McClure, & Bricker, 2018). Other limitations include the study’s reliance on self-reporting
using the Godin-Shephard Leisure Time Physical Activity Questionnaire. The reliability
and validity of the original questionnaire compared favorably to nine other self-report
measurements (Jacobs, Ainsworth, Hartman, & Leon, 1993); however, it is unknown
whether the current study’s slight change to the questionnaire affects its measurement
qualities, given the absence of studies providing validity evidence supporting the use of
this modified form (Amireault & Godin, 2015). Likewise, the use of a subjective method
(i.e. self-report) to assess PA is a limitation. Ideally, an objective method would have
been appropriate to complement the subjective one. Both of these methods mitigate
their respective limitations inmeasuring PA (Garriguet & Colley, 2014). Finally, the inter-
vention was only available online, thus excluding participants without access to the inter-
net, who are more likely to have low-level education. The generalization of our findings is,
thus, limited.

Nevertheless, our study has strengths. First, the primary analysis regarding the effec-
tiveness of the intervention was corroborated by the sensitivity analysis. The difference in
p-value between the primary analysis (linear mixed model) and sensitivity analysis (mul-
tiple imputation) methods could be explained in part by the fact that the former offers
greater statistical power (Sullivan, White, Salter, Ryan, & Lee, 2018; Xi, Pennell,
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Andridge, & Paskett, 2018). Second, the use of video-delivery tailored feedback in the
context of web-based computer-tailored interventions is innovative.

Conclusion

The findings of our study suggest that the used PA intervention is effective in enhancing
self-reported MVPA in an adult population in the short term. Innovative approaches and
better active promotion must be developed to recruit more potential participants to visit
the website, to register, and to enhance engagement to all sessions. Finally, while video-
delivery tailored feedback seems to be a promising avenue to facilitate information pro-
cessing in individuals with mid-level education, further research is needed to confirm our
results concerning information processing and delivering tailored, customized feedback.
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