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Abstract
Background: Living with human immunodeficiency virus (HIV) necessitates long-term health care follow-up, particularly with
respect to antiretroviral therapy (ART) management. Taking advantage of the enormous possibilities afforded by information
and communication technologies (ICT), we developed a virtual nursing intervention (VIH-TAVIE) intended to empower HIV
patients to manage their ART and their symptoms optimally. ICT interventions hold great promise across the entire continuum
of HIV patient care but further research is needed to properly evaluate their effectiveness.
Objective: The objective of the study was to compare the effectiveness of two types of follow-up—traditional and virtual—in
terms of promoting ART adherence among HIV patients.
Methods: A quasi-experimental study was conducted. Participants were 179 HIV patients on ART for at least 6 months, of
which 99 were recruited at a site offering virtual follow-up and 80 at another site offering only traditional follow-up. The primary
outcome was medication adherence and the secondary outcomes were the following cognitive and affective variables: self-efficacy,
attitude toward medication intake, symptom-related discomfort, stress, and social support. These were evaluated by self-administered
questionnaire at baseline (T0), and 3 (T3) and 6 months (T6) later.
Results: On average, participants had been living with HIV for 14 years and had been on ART for 11 years. The groups were
highly heterogeneous, differing on a number of sociodemographic dimensions: education, income, marital status, employment
status, and living arrangements. Adherence at baseline was high, reaching 80% (59/74) in the traditional follow-up group and
84% (81/97) in the virtual follow-up group. A generalized estimating equations (GEE) analysis was run, controlling for
sociodemographic characteristics at baseline. A time effect was detected indicating that both groups improved in adherence over
time but did not differ in this regard. Improvement at 6 months was significantly greater than at 3 months in both groups. Analysis
of variance revealed no significant group-by-time interaction effect on any of the secondary outcomes. A time effect was observed
for the two kinds of follow-ups; both groups improved on symptom-related discomfort and social support.
Conclusions: Results showed that both interventions improved adherence to ART. Thus, the two kinds of follow-up can be
used to promote treatment adherence among HIV patients on ART.
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Introduction
For over a decade, HIV infection has been considered a chronic
disease thanks to the advent of antiretroviral drugs [1,2]. Living
with HIV necessitates long-term health care follow-up
particularly with respect to management of antiretroviral therapy
(ART), which today entails daily medication intake for life. The
latest guidelines recommend that ART initiation be offered to
all upon HIV infection diagnosis [3]. Major developments in
information and communication technologies (ICT) over the
years have allowed diversification of the modalities and kinds
of interventions available to support ART adherence or
self-management. ICT can also facilitate access to a wide variety
of interventions at a favorable cost-effectiveness ratio [4].
Recent literature reviews have reported the deployment of
ICT-supported interventions for HIV patients. Pellowski and
Kalichman [5] reviewed 12 studies, of which nine focused on
adherence to HIV treatment subsequent to interventions
delivered via different technologies, including short message
service (SMS)/text messaging, cell phones, and computers. The
systematic review realized by Saberi and Johnson [6] turned its
attention to technology-based self-care approaches likely to
improve ART adherence. According to these authors, a clear
pattern of results emerged in favor of individually tailored
interventions that used multi-function technologies allowing
for periodic communications with health care providers instead
of merely relying on electronic reminder devices. Moreover,
recent reviews [7,8] have suggested that ICT-assisted
interventions, such as sending text messages via mobile phone,
had the potential to increase treatment adherence in sub-Saharan
Africa. Pellowski and Kalichman [5] suggested that
technology-delivered interventions held great promise across
the entire continuum of HIV patient care but that further research
was needed to properly determine and assess their effectiveness.
We developed a virtual intervention called HIV Treatment,
Virtual Nursing Assistance and Education or VIH-TAVIE (from
its French appellation, Virus de l’immunodéficience humaine Traitement assistance virtuelle infirmière et enseignement) to
empower HIV patients to manage their ART and their symptoms
optimally. Based on theories of behavior change [9,10],
VIH-TAVIE targets the development and consolidation of skills
to enhance the individual’s ability to act [11]. VIH-TAVIE
consists of four interactive sessions at a computer, which are
hosted by a virtual nurse who engages the user in a
self-management skills-learning process [12]. Unlike
conventional health-related websites that contain a library of
information, VIH-TAVIE is a tailored intervention driven by a
decision tree. What distinguishes this intervention from others
is its mechanism of action, a tailored design that adapts content
and messages to user profile and needs, the scientific rigor of
its proposed content, and its flexibility of use. The intervention
is the end point of a number of previous activities, which
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consisted of identifying predictors of treatment adherence [13],
developing an intervention program aimed at promoting
adherence [11], using innovative technology through the creation
of a virtual intervention [12], and carrying out a preliminary
validation among HIV patients [14].
As there is no cure for HIV infection, the number of chronically
affected individuals is on the rise, placing growing demands on
health care systems. Health resources need to be optimized in
order to provide better support to service user groups living
with various chronic health conditions. In this light, the aim of
the present project was to compare the efficacy (value) of two
kinds of health care follow-up—traditional and virtual
(VIH-TAVIE)—on treatment adherence behavior among HIV
patients on ART.

Methods
Study Design
A quasi-experimental study was conducted to evaluate the
capacity of both kinds of follow-up to optimize medication
adherence (primary outcome). Adherence is a behavioral
indicator that can be predicted in part by cognitive and affective
variables (secondary outcomes), particularly sense of
self-efficacy and attitude toward drug intake [13], which in turn
can be explained by perceived social support and absence of
symptoms. The primary and secondary outcomes were selected
on the basis of previously identified predictors of treatment
adherence among HIV patients [13]. There were three
measurement times: baseline (T0), 3 months (T3), and 6 months
(T6) later. The study was approved by the Research Ethics Board
of the Université de Montréal, the Research Centre of Centre
Hospitalier de l’Université de Montréal, and the McGill
University Health Centre.

Recruitment of Participants
Participants were recruited at two university hospitals that
deliver specialized care and services to HIV patients in the same
metropolitan area. The two sites share the same mission of care
and services, teaching, and research in the field of HIV/AIDS.
The HIV patients recruited had to be at least 18 years old and
on ART for at least 6 months. Pregnant women, people with
uncontrolled psychiatric conditions, and active intravenous drug
users were not eligible for the study. It was estimated that an
initial sample size of 186 participants was needed in order to
detect a difference of 20 percentage points at 80% power and
an alpha level of .05 for two-tailed chi-square tests.

Non-Random Assignment
Recruitment took place at the two university hospitals, one of
which offered virtual follow-up in addition to traditional
follow-up. Thus, one group was formed at each recruitment site:
the traditional care group and the group with the adjunctive
virtual intervention. Of the 179 participants, 99 were recruited
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at the site offering virtual follow-up adjunctive to traditional
follow-up and 80 at the other site offering only traditional
follow-up.

Follow-Up
In virtual follow-up, the four VIH-TAVIE sessions, each 20-30
minutes long, were offered over an 8-week period following
the baseline measurement. Each interactive session is distinct
from the other in terms of messages, strategies, skills, questions,
and data entry (for example, see Figure 1).
The sessions follow a predefined sequence in order to ensure a
gradual conveyance of abilities. The first session focuses on
developing self-assessment skills, reinforcing and developing
motivational skills, such as associating a positive image with
treatment, and managing undesirable and adverse effects. The
second session deals with emotional management by learning
to identify negative sentiments, recognizing their effects on
behavior, and acquiring strategies to cope with them. It serves,
also, to review the problem-solving process for dealing with
situations where medication intake is awkward. The third session
concerns how to establish, maintain, and strengthen social
relations and interact with health professionals. In the final
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session, all the skills previously worked on are consolidated, as
illustrated in Figure 2.
At the heart of the application is a virtual nurse who acts as
coach interacting with the user asynchronously. Over the course
of the sessions, approximately 140 video clips of the virtual
nurse are presented, ranging in duration from 10 to 90 seconds.
The virtual nurse provides feedback and positive reinforcement
on the user’s personal style and methods and on skills acquired.
Aside from delivering tailored teaching, the virtual nurse also
refers to the experiences of other HIV patients who have been
able to cope successfully with situations similar to those of the
user. The originality of this Web application lies in the process
of interaction with the individual, which contrasts with standard
health information websites where much of the content is
passively presented and interaction with the user is minimal, if
not nil. Participants who benefitted from VIH-TAVIE could
also consult their regular health care teams.
Traditional follow-up consisted of meeting with health care
professionals over a period of 3 to 4 months. The meetings
lasted 20 minutes and covered medication, symptoms, and
problems encountered. Personalized health advice was given
on these occasions.

Figure 1. Illustration of the first page of session 2 of VIH-TAVIE.
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Figure 2. Illustration of a page of session 4 of VIH-TAVIE.

Measures
Adherence, the study’s primary outcome, was evaluated by
means of a self-administered questionnaire developed and
validated among HIV patients following the latest
recommendations regarding the measure of therapy adherence
[15]. The questionnaire comprised seven items serving to
measure how often a person forgot to take their medication. It
is designed to place the respondent in a context where events
and situations could lead to lapses. The questionnaire’s validity
was demonstrated (sensitivity: 71%; specificity: 72%; correct
classification: 72%; OR 6.15) using immunologic (CD4 count)
and virologic (viral load) parameters as criteria. Adherence was
defined as the intake of at least 90% of prescribed tablets.
Though there is no clear minimum cut-off point defining what
constitutes sufficient ART adherence for optimal treatment
effectiveness [16], this is generally set at >90% to >95% [17].
Self-efficacy regarding medication intake was measured with
12 items rated on a 5-point Likert scale. These items were
adapted from a scale developed by Godin et al [15] and
previously used on a larger sample (N=399). To adapt the
instrument to the present context, that is, ART medication
http://www.jmir.org/2015/1/e6/
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intake, the items were reviewed by expert consensus on the
basis of the results of a focus group, a literature review, and
Bandura’s theoretical model of self-efficacy. Content validation
was carried out. A Cronbach alpha of .88 was obtained for this
study.
Attitude toward medication intake was evaluated through six
items rated on a 5-point Likert scale. These items emerged from
focus groups of HIV patients on treatment. A preliminary
version of the instrument was tested among 35 HIV patients.
The scale was previously used on a large sample (N=399) [13],
obtaining a Cronbach alpha of .83 and a test-retest reliability
coefficient of .72. A Cronbach alpha of .86 was obtained for
this study.
Symptom-related discomfort was measured with the
Self-Completed HIV Symptom Index [18]. This 20-item
instrument serves to determine whether symptoms are present
on a scale of 0 to 4 (0=absence) and the degree of discomfort
experienced (1, 2, 3, or 4). The instrument was validated among
188 HIV patients, demonstrating acceptable psychometric
properties, including good construct validity. A Cronbach alpha
of .93 was obtained for this study.
J Med Internet Res 2015 | vol. 17 | iss. 1 | e6 | p. 4
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Social support was evaluated using the Medical Outcome Survey
[19,20]. One dimension of social support was measured by the
emotional support (8 items) subscale. Items are rated on a
5-point Likert scale. The instrument has demonstrated good
content validity and appreciable internal consistency. A
Cronbach alpha of .97 was obtained for this study.

of change using a two-factor (time and group) repeated-measures
analysis of variance (ANOVA). Finally, we ran the same
analysis controlling for the measure at T0. In all cases, the
ANOVAs were based on a generalized linear model (GLM) and
no allocation technique (no imputation of missing data) was
used.

Stress was measured with the stressfulness subscale (4 items)
of the Stress Appraisal Measure developed by Peacock and
Wong [21]. A Cronbach alpha of .90 was obtained for this study.

Results

Immunologic and viral indicators were captured through CD4
count and viral load, respectively. This information was garnered
from the participants’ medical files.

The sample included 23 women and 153 men and had a mean
age of 48 years (SD 8.4, range 23-73). On average, participants
had been living with HIV for 14 years and had been on treatment
for 11 years. The groups were highly heterogeneous, differing
on a number of sociodemographic dimensions. For instance,
compared with participants in the virtual follow-up group, those
in the traditional follow-up group had more years of formal
education (P<.001), earned more (P<.003), had more children
(P<.035), and were more likely to be married (P<.001) and
living with a spouse (P<.001). A high percentage of participants
in each group had an undetectable viral load and maintained a
CD4 level within reasonable limits. A higher proportion of
participants in the virtual follow-up group reported having
ceased taking anti-HIV medication in the 3 months prior to the
study, compared with those in the traditional follow-up group
(P<.030). Also, the virtual group had a lower CD4 count
compared with the traditional follow-up group (P<.021). Table
1 presents the sociodemographic and clinical characteristics of
the participants in both groups.

Statistical Analyses
Descriptive statistics (frequency tables, means, and standard
deviations) were summarized at each time point. Student’s t
tests or chi-square tests were performed for each
sociodemographic and baseline psychological variable to verify
group equivalence. A generalized estimating equations (GEE)
analysis was run to test differences in adherence over time
(baseline, 3 months, and 6 months) between kinds of follow-up
(traditional vs virtual: dichotomous variable). For the analysis,
an intention-to-treat approach was applied. Thus, all available
data for each participant were used in the analysis model. To
test changes in continuous variables (attitudes, self-efficacy,
symptoms, stress, and social support) over 6 months for both
groups, we compared measures of change at T3 and T6
separately with two t tests. Then, we compared the two measures
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Table 1. Demographic and clinical characteristics of the participants in both groups.
Variables

Traditional follow-up

Virtual follow-up (n=99)

P value

(n=80)
Gender, n (%) a

.151b
Female

7 (8.8)

16 (16.2)

Male

71 (88.8)

82 (82.8)

49 (9.2)

47 (7.6)

Age (years), mean (SD)

<.001b

Ethnicity, n (%)
Canadian

41 (51.2)

89 (89.9)

Other

39 (48.8)

10 (10.1)
<.001b

Marital status, n (%)
Single

41 (51.2)

80 (80.8)

Married or living as couple

31 (38.8)

7 (7.1)

Divorced/widowed

8 (10.0)

12 (12.1)
<.001b

Employment status, n (%)
Working/student

37 (46.2)

14 (14.1)

Insurance/retired

16 (20.0)

9 (9.1)

Welfare

19 (23.8)

64 (64.6)

Other

8 (10.0)

12 (12.1)
.001b

Education levels, n (%)
Primary

5 (6.2)

7 (7.1)

Secondary

27 (33.8)

54 (54.5)

College

23 (28.7)

29 (29.3)

University

25 (31.2)

9 (9.1)

Annual income, CAD, n (%) a

a

.062c

.003b

<$14,999

33 (41.2)

67 (67.7)

$15,000 - $34,999

20 (25.0)

21 (21.3)

$35,000 - $54,999

10 (12.6)

5 (5.0)

>$55,000

11 (13.8)

3 (3.0)

Years of HIV infection, mean (SD)

14.4 (7.3)

13.4 (7.7)

.365c

Years on antiretroviral therapy, mean (SD)

11.6 (6.6)

9.9 (6.5)

.077c

Treatment interruption 3 months before baseline T0, n (%) 4/79 (5.1)

15/99 (15.2)

.03b

Viral load less than 50 copies, n (%)

60/67 (89.6)

67/82 (81.7)

.179b

CD4 count (cells/μl), mean (SD)

540 (293)

441 (237)

.021c

Subgroups do not always add up to totals owing to missing data.

b

Chi-square test.

c

Student’s t-test.

Engagement and Participation in Virtual and
Traditional Follow-Up
Of the 99 participants in the virtual follow-up group, 73
completed all four VIH-TAVIE sessions, three completed three,
seven completed two, 12 completed only one, and four
completed none. The computer sessions took place every 2
http://www.jmir.org/2015/1/e6/
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weeks at the hospital/clinic over a period of 6 to 8 weeks. The
time required to complete session 1 varied from 20 to 30
minutes, sessions two and three took 20 minutes to complete,
and session 4 required about 10 minutes. Participants in the
virtual follow-up group could also consult their regular health
care teams during the study’s 6-month period. Of the 80
J Med Internet Res 2015 | vol. 17 | iss. 1 | e6 | p. 6
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participants in the traditional follow-up group, 60% (48/80) met
with their medical teams twice and the remaining 40% (32/80)
met three times.

in terms of sociodemographic characteristics, a GEE analysis
was run controlling for age, living alone, income, symptoms,
and employment status. A time effect was observed, whereby
the two groups improved on adherence over time but did not
differ. Improvement at 6 months was significantly greater than
at 3 months for both groups. No significant group-by-time
interaction was noted. Table 2 shows the GEE results for kind
of follow-up effect on medication intake adherence (≥90%).

Effect on Adherence Behavior
Adherence at baseline was high, reaching 80% (59/74) for the
traditional follow-up group and 84% (81/97) for the virtual
follow-up group. Given the inter-group differences at baseline

Table 2. Effect of follow-up type on medication adherence (% of adherence ≥90%) using generalized estimating equations (GEE)a.
Type of follow-up

a

Baseline (T0)

3 months (T3)

6 months (T6)

% adherence ≥90

% adherence ≥90

% adherence ≥90

Traditional follow-up (n=80)

79.7

85.7

92.7

Virtual follow-up (n=99)

83.5

90.4

89.6

Group x Time interaction, Z=−1.36, P=.1743; time effect, Z=−1.96, P=.0496.

Effect on Cognitive and Affective Variables
Overall, participants reported on symptoms in terms of quantity
and perceived discomfort. They also expressed positive attitudes,
a high sense of self-efficacy, a low level of stress, and a
moderate level of perceived social support. Nonetheless, at
baseline, the virtual follow-up group reported more symptoms,
a higher level of stress, and less perceived social support,
compared with the traditional follow-up group. Table 3 gives
a description of the cognitive and affective variables relative to
the participants in each group.
Statistical analyses revealed no significant group x time
interaction on self-efficacy, attitude toward medication intake,
symptom-related discomfort, stress, or social support. A time
effect was observed for both kinds of follow-up on
symptom-related discomfort and social support. Both groups
improved over time with respect to these variables. ANOVA
results regarding type of follow-up effect on cognitive and

affective variables are presented in Table 4. These ANOVAs
were based on a GLM with no data imputation technique used.
Participants lost to attrition at T3 and T6 were considered
missing at random. To verify our strategy, analyses were run
to compare characteristics at T0 based on presence/absence of
participants at T6. Differences emerged in terms of age, having
children (yes/no), income, and ART drug intake cessation.
Accordingly, there were more losses among younger
participants, those with no children, those with lower income,
and those who had ceased taking ART medication 3 months
prior to the study. However, these differences were not of the
sort to call into question the analysis strategy used. Moreover,
as attrition was higher in the traditional follow-up group, use
of the last observation carried forward (LOCF) allocation
method would have contributed to obtain the desired results
(difference of evolution between groups) by generating a larger
number of stable participants in the traditional follow-up group
compared with the virtual follow-up group.

Table 3. Cognitive and affective variables of the participants in both groups.
Cognitive and affective variables

a

P valuea

Traditional follow-up (n=80)

Virtual follow-up (n=99)

mean (SD)

mean (SD)

Symptoms countb

9.85 (7.17)

12.57 (6.91)

.011

Symptoms botherc

21.16 (17.19)

29.07 (18.23)

.004

Attituded

23.90 (5.32)

23.46 (4.69)

.554

Stresse

6.23 (3.67)

7.45 (4.04)

.037

Self-efficacyf

1246.25 (206.22)

1192.89 (196.89)

.079

Social supportg

70.23 (21.61)

60.77 (20.03)

.003

Student’s t test.

b

Possible range 0-24.

c

Possible range 0-96.

d

Possible range 6-30.

e

Possible range 4-20.

f

Possible range 0-1400.

g

Possible range 19-95.
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Table 4. Effect of follow-up type on cognitive and affective variables using ANOVA.
Variables/type of follow-up

Group x time interaction

Time effect

F, P value

F, P value

F=0.322, P=.572

F=4.166, P=.044

F=0.562, P=.455

F=4.127, P=.045

F=3.759, P=.056

F=1.069, P=.304

F=0.871, P=.353

F=1.915, P=.170

F=0.268, P=.606

F=1.416, P=.237

F=0.184, P=.669

F=5.647, P=.019

Symptoms count
Virtual (n=67)
Traditional (n=31)
Symptoms bother
Virtual (n=67)
Traditional (n=31)
Attitude
Virtual (n=67)
Traditional (n=29)
Stress
Virtual (n=68)
Traditional (n=32)
Self-efficacy
Virtual (n=68)
Traditional (n=32)
Social support (total score)
Virtual (n=68)
Traditional (n=32)

Discussion
Principal Results
The objective of the study was to compare the effectiveness of
two kinds of follow-up—traditional and virtual—in promoting
adherence behavior among HIV patients on ART. We expected
virtual follow-up to produce greater adherence on account of
the use of an innovative tool, VIH-TAVIE, designed to empower
HIV patients to self-manage their ART. Results showed that
the two groups improved in adherence at 6 months but did not
differ in this regard. Hence, neither type of follow-up proved
better than the other in terms of treatment adherence.

stop viral replication and the individual’s subsequent state of
health. As it is documented, poor adherence remains a major
risk factor for virologic failure and the development of resistance
[22] and has major implications regarding future viral
transmission.
Notwithstanding our results, Hersch and colleagues [23] reported
that the adherence rate of participants in their Web-based
adherence program did not improve but actually decreased
slightly, whereas the adherence rate in the control group declined
from about 85% to 66%.

The two groups or cohorts studied had been living with HIV
for 14 years, had been under therapy for 10 years, reported many
symptoms, but maintained a high adherence level that far
exceeded percentage levels reported in the literature. In this
regard, a recent meta-analysis of 84 studies from 20 countries
[17] showed that only 62% of participants reported 90% or
better ART adherence. Despite a high percentage at baseline
that left little room for improvement, the two groups still
managed to improve over time. The two groups also improved
in terms of symptom-related discomfort and perceived social
support. Sense of self-efficacy and attitude toward ART
medication intake, which were high at baseline, remained
unchanged.

Such differences in reported findings can be attributed to the
difficulty of observing improvement in adherence among HIV
patients. This was observed by Mathes et al [24]. In their
systematic review, they pointed out that the likelihood of finding
only slight differences between groups is limited by a ceiling
effect (high baseline adherence) and the fact that comparison
groups benefit from adherence-enhancing components in their
usual follow-up. Also, the meta-analysis by de Bruin and
colleagues [25] showed that standard adherence care (traditional
follow-up) had a large impact on HIV treatment effectiveness
and adherence. In fact, these authors found these HIV patients
in the experimental and the comparison groups (standard
adherence care) of ART adherence intervention trials were
exposed to effective adherence care that explained up to 55%
of treatment success rates.

It is worth noting that with both types of follow-up—virtual
and traditional—individuals improved in adherence over the
6-month period. This is a significant clinical outcome given the
consequences of non-adherence on treatment’s effectiveness to

At present, comparisons with previous studies remain difficult
given the scant literature on interventions similar to
VIH-TAVIE. Most of the published studies concern
interventions using mobile phones [26-28] or SMS/text
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messaging [8,28-33]. To date, only Fisher and colleagues [34]
and Hersch and colleagues [23] have evaluated Web-based HIV
medication adherence interventions comparable to VIH-TAVIE.
Fisher et al [34] conducted a large randomized controlled trial
(RCT) to evaluate or test the efficacy of a
computer-administered ART adherence support intervention.
Though an intention-to-treat analysis (n=594) revealed no
significant impact on medication adherence compared with
usual interventions (standard care), a protocol analysis (n=328)
that considered only participants who completed all planned
sessions showed a significant increase in self-report adherence
for the computer-based intervention group. Hersch and
colleagues [23], for their part, tested a Web-based program
intended to improve medication adherence among adult HIV
patients. For the purpose, 168 participants were randomized
into either the Web-based program or a wait-list control
condition. Those who benefitted from the Web-based program
had a significantly higher ART medication adherence rate than
did patients in the control group over a 9-month period. As
stated by the authors, the adherence rate of participants in the
Web-based program did not improve, while the adherence rate
of the control group declined substantially. The work conducted
by León and colleagues [35] is very innovative and instructive
as well. These researchers developed an Internet-based homecare
model—Virtual Hospital—that covers management of chronic
HIV-infected patients in full. It offers four main services: virtual
consultations, telepharmacy, virtual library, and virtual
community. In an RCT, 42 patients were followed through
Virtual Hospital and 41 through standard care. Results showed
Virtual Hospital to be a feasible and safe tool. In fact, the groups
did not differ in terms of clinical parameters such as viral load,
CD4 count, and treatment adherence.

highly heterogeneous groups in terms of sociodemographic
characteristics and affective and cognitive variables. Statistical
adjustments were necessary to correct for this. In addition,
conservative statistical strategies were used to address the
problem of attrition within the traditional follow-up group at
T3 and T6. Unfortunately, randomization was not feasible in
our clinical context and study setting. Given that group
assignment was non-random, the risk for bias in the study was
high.

Although ICT-assisted interventions have shown promise as an
effective means of maintaining and improving medication
adherence, more research is needed to determine their efficacy
with larger trials and adequate statistical power. According to
Pellowski and Kalichman [5], no definite conclusions can be
drawn from existing research as only pilot studies with
insufficient statistical power to detect even modest-sized effects
have been carried out to date. In their systematic review of the
literature, Linn et al [36] concluded that ICT-assisted
interventions showed promising results as a means of enhancing
patient adherence to prescribed long-term medication but since
this constituted a relatively new field of endeavor, high-quality
studies were required in the future to establish more robust
evidence of the effectiveness of this type of intervention.

We developed and tested an innovative intervention for
providing follow-up care to HIV patients, particularly by helping
patients manage their ART. This virtual tool is easy to
implement and could constitute a complementary service in
support of existing specialized services. Given the current short
supply of specialized resources in health care and in the area of
HIV-related services, VIH-TAVIE offers clinicians an additional
instrument to support their professional practice and meet the
needs of their clientele with a minimum investment in human
resources. As it consists essentially of simulated interactions
with a virtual nurse, all that is needed is to provide minimal
remote computer support services in the event the user
encounters technical problems. The computer platform affords
the system administrator the flexibility to add and modify page
models without always having to resort to a Web programmer.
This reduces system costs and facilitates the implementation of
solutions over the long term in a normal context of clinical
practice.

Limitations
Our study is not without limitations. Above all, the absence of
randomization and a deep selection bias led to the formation of

Future Research and Spin-Offs
In our study, VIH-TAVIE was evaluated in a hospital setting
as an adjunct to usual care. Users did not need to own a
computer in order to participate in the study as one was provided
at the health care center. We thus managed to involve a wider
range of participants than is normally reached by Web-based
interventions. Indeed, three-quarters of our participants were in
a precarious socioeconomic condition, collecting welfare
benefits and living on annual income of less than CAD $15,000.
We are presently conducting a large online trial to evaluate
VIH-TAVIE’s capacity to optimize adherence among
participants with Internet access [37]. Other applications
developed on the basis of the TAVIE platform are currently
under evaluation. These include TRANSPLANT-TAVIE (a
virtual nurse intervention intended to support transplant
recipients in managing their treatment) and TAVIE@coeur (a
virtual nurse intervention intended to support persons with a
heart
condition
in
managing
their
treatment).
SOULAGE-TAVIE has been field-tested with persons in the
pre-operative phase of heart surgery to help them with pain
management; results so far are very promising [38].

Future Implications and Conclusions

Acknowledgments
The study is funded by the Canadian Institutes of Health Research (CIHR, 2007-2012). JC has received a clinical research bursary
(Senior) from the Fonds de recherche du Québec - Santé (FRQS, 2013-2017) to support her research program on innovative
virtual interventions that are intended for persons living with a chronic health problem. The TAVIE platform received financial
support from the Réseau Sidami du FRSQ. We are particularly grateful to Miguel Chagnon for his assistance with data analysis.

http://www.jmir.org/2015/1/e6/

XSL• FO
RenderX

J Med Internet Res 2015 | vol. 17 | iss. 1 | e6 | p. 9
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Côté et al

We wish to thank the participants who contributed to this research. We are grateful also to the professionals at the clinics for their
help with participant recruitment.

Conflicts of Interest
Granting of licensing options for marketing VIH-TAVIE will follow study completion.

References
1.
2.
3.

4.

5.
6.
7.

8.

9.
10.
11.

12.

13.
14.

15.
16.
17.

18.

19.

20.

Tsai YF, Holzemer WL, Leu HS. An evaluation of the effects of a manual on management of HIV/AIDS symptoms. Int J
STD AIDS 2005 Sep;16(9):625-629. [Medline: 16176631]
Jenkin P, Koch T, Kralik D. The experience of fatigue for adults living with HIV. J Clin Nurs 2006 Sep;15(9):1123-1131.
[doi: 10.1111/j.1365-2702.2006.01343.x] [Medline: 16911053]
Department of Health and Human Services. Panel on Antiretroviral Guidelines for Adults and Adolescents. 2013. Guidelines
for the use of antiretroviral agents in HIV-1-infected adults and adolescents URL: http://aidsinfo.nih.gov/guidelines [accessed
2014-01-16] [WebCite Cache ID 6MfqegAZ3]
Ownby RL, Waldrop-Valverde D, Jacobs RJ, Acevedo A, Caballero J. Cost effectiveness of a computer-delivered intervention
to improve HIV medication adherence. BMC Med Inform Decis Mak 2013;13:29 [FREE Full text] [doi:
10.1186/1472-6947-13-29] [Medline: 23446180]
Pellowski JA, Kalichman SC. Recent advances (2011-2012) in technology-delivered interventions for people living with
HIV. Curr HIV/AIDS Rep 2012 Dec;9(4):326-334 [FREE Full text] [doi: 10.1007/s11904-012-0133-9] [Medline: 22922945]
Saberi P, Johnson MO. Technology-based self-care methods of improving antiretroviral adherence: a systematic review.
PLoS One 2011;6(11):e27533 [FREE Full text] [doi: 10.1371/journal.pone.0027533] [Medline: 22140446]
Bärnighausen T, Chaiyachati K, Chimbindi N, Peoples A, Haberer J, Newell ML. Interventions to increase antiretroviral
adherence in sub-Saharan Africa: a systematic review of evaluation studies. Lancet Infect Dis 2011 Dec;11(12):942-951
[FREE Full text] [doi: 10.1016/S1473-3099(11)70181-5] [Medline: 22030332]
Horvath T, Azman H, Kennedy GE, Rutherford GW. Mobile phone text messaging for promoting adherence to antiretroviral
therapy in patients with HIV infection. Cochrane Database Syst Rev 2012;3:CD009756. [doi: 10.1002/14651858.CD009756]
[Medline: 22419345]
Bandura A. Self-efficacy: the exercise of control. New York: W.H. Freeman; 1997.
Petty RE, Wegener DT, Fabrigar LR. Attitudes and attitude change. Annu Rev Psychol 1997;48:609-647. [doi:
10.1146/annurev.psych.48.1.609] [Medline: 9046570]
Côté J, Godin G, Garcia PR, Gagnon M, Rouleau G. Program development for enhancing adherence to antiretroviral therapy
among persons living with HIV. AIDS Patient Care STDS 2008 Dec;22(12):965-975. [doi: 10.1089/apc.2008.0124]
[Medline: 19072103]
Côté J, Ramirez-Garcia P, Rouleau G, Saulnier D, Guéhéneuc YG, Hernandez A, et al. A nursing virtual intervention:
real-time support for managing antiretroviral therapy. Comput Inform Nurs 2011;29(1):43-51. [doi:
10.1097/NCN.0b013e3181f9dc02] [Medline: 21099544]
Godin G, Côté J, Naccache H, Lambert LD, Trottier S. Prediction of adherence to antiretroviral therapy: a one-year
longitudinal study. AIDS Care 2005 May;17(4):493-504. [doi: 10.1080/09540120412331291715] [Medline: 16036235]
Côté J, Rouleau G, Godin G, Ramirez-Garcìa P, Guéhéneuc YG, Nahas G, et al. Acceptability and feasibility of a virtual
intervention to help people living with HIV manage their daily therapies. J Telemed Telecare 2012 Oct;18(7):409-412.
[doi: 10.1258/jtt.2012.120218] [Medline: 23034932]
Godin G, Gagné C, Naccache H. Validation of a self-reported questionnaire assessing adherence to antiretroviral medication.
AIDS Patient Care STDS 2003 Jul;17(7):325-332. [doi: 10.1089/108729103322231268] [Medline: 12952734]
Bangsberg DR. Less than 95% adherence to nonnucleoside reverse-transcriptase inhibitor therapy can lead to viral suppression.
Clin Infect Dis 2006 Oct 1;43(7):939-941 [FREE Full text] [doi: 10.1086/507526] [Medline: 16941380]
Ortego C, Huedo-Medina TB, Llorca J, Sevilla L, Santos P, Rodríguez E, et al. Adherence to highly active antiretroviral
therapy (HAART): a meta-analysis. AIDS Behav 2011 Oct;15(7):1381-1396. [doi: 10.1007/s10461-011-9942-x] [Medline:
21468660]
Justice AC, Holmes W, Gifford AL, Rabeneck L, Zackin R, Sinclair G, Adult AIDS Clinical Trials Unit Outcomes Committee.
Development and validation of a self-completed HIV symptom index. J Clin Epidemiol 2001 Dec;54 Suppl 1:S77-S90.
[Medline: 11750213]
Badia X, Podzamczer D, Garcia M, López-Lavid CC, Consiglio E. A randomized study comparing instruments for measuring
health-related quality of life in HIV-infected patients. Spanish MOS-HIV and MQOL-HIV Validation Group. Medical
Outcomes Study HIV Health Survey. AIDS 1999 Sep 10;13(13):1727-1735. [Medline: 10509575]
Badia X, Podzamczer D, Casado A, López-Lavid C, García M. Evaluating changes in health status in HIV-infected patients:
Medical Outcomes Study-HIV and Multidimensional Quality of Life-HIV Quality of Life Questionnaires. Spanish MOS-HIV
and MQOL-HIV Validation Group. AIDS 2000 Jul 7;14(10):1439-1447. [Medline: 10930160]

http://www.jmir.org/2015/1/e6/

XSL• FO
RenderX

J Med Internet Res 2015 | vol. 17 | iss. 1 | e6 | p. 10
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

Côté et al

Peacock EJ, Wong PTP. The stress appraisal measure (SAM): A multidimensional approach to cognitive appraisal. Stress
Med 1990 Jul;6(3):227-236. [doi: 10.1002/smi.2460060308]
Gardner EM, Burman WJ, Steiner JF, Anderson PL, Bangsberg DR. Antiretroviral medication adherence and the development
of class-specific antiretroviral resistance. AIDS 2009 Jun 1;23(9):1035-1046 [FREE Full text] [doi:
10.1097/QAD.0b013e32832ba8ec] [Medline: 19381075]
Hersch RK, Cook RF, Billings DW, Kaplan S, Murray D, Safren S, et al. Test of a web-based program to improve adherence
to HIV medications. AIDS Behav 2013 Nov;17(9):2963-2976 [FREE Full text] [doi: 10.1007/s10461-013-0535-8] [Medline:
23760634]
Mathes T, Pieper D, Antoine SL, Eikermann M. Adherence-enhancing interventions for highly active antiretroviral therapy
in HIV-infected patients - a systematic review. HIV Med 2013 Nov;14(10):583-595. [doi: 10.1111/hiv.12051] [Medline:
23773654]
de Bruin M, Viechtbauer W, Schaalma HP, Kok G, Abraham C, Hospers HJ. Standard care impact on effects of highly
active antiretroviral therapy adherence interventions: A meta-analysis of randomized controlled trials. Arch Intern Med
2010 Feb 8;170(3):240-250. [doi: 10.1001/archinternmed.2009.536] [Medline: 20142568]
Gray WN, Janicke DM, Fennell EB, Driscoll DC, Lawrence RM. Piloting behavioral family systems therapy to improve
adherence among adolescents with HIV: a case series intervention study. J Health Psychol 2011 Jul;16(5):828-842. [doi:
10.1177/1359105310394230] [Medline: 21441357]
Kalichman SC, Kalichman MO, Cherry C, Swetzes C, Amaral CM, White D, et al. Brief behavioral self-regulation counseling
for HIV treatment adherence delivered by cell phone: an initial test of concept trial. AIDS Patient Care STDS 2011
May;25(5):303-310 [FREE Full text] [doi: 10.1089/apc.2010.0367] [Medline: 21457056]
Uzma Q, Emmanuel F, Ather U, Zaman S. Efficacy of interventions for improving antiretroviral therapy adherence in
HIV/AIDS cases at PIMS, Islamabad. J Int Assoc Physicians AIDS Care (Chic) 2011;10(6):373-383. [doi:
10.1177/1545109710383175] [Medline: 21317163]
da Costa TM, Barbosa BJ, Gomes e Costa DA, Sigulem D, de Fátima Marin H, Filho AC, et al. Results of a randomized
controlled trial to assess the effects of a mobile SMS-based intervention on treatment adherence in HIV/AIDS-infected
Brazilian women and impressions and satisfaction with respect to incoming messages. Int J Med Inform 2012
Apr;81(4):257-269 [FREE Full text] [doi: 10.1016/j.ijmedinf.2011.10.002] [Medline: 22296762]
Dowshen N, Kuhns LM, Johnson A, Holoyda BJ, Garofalo R. Improving adherence to antiretroviral therapy for youth
living with HIV/AIDS: a pilot study using personalized, interactive, daily text message reminders. J Med Internet Res
2012;14(2):e51 [FREE Full text] [doi: 10.2196/jmir.2015] [Medline: 22481246]
Hardy H, Kumar V, Doros G, Farmer E, Drainoni ML, Rybin D, et al. Randomized controlled trial of a personalized cellular
phone reminder system to enhance adherence to antiretroviral therapy. AIDS Patient Care STDS 2011 Mar;25(3):153-161
[FREE Full text] [doi: 10.1089/apc.2010.0006] [Medline: 21323532]
Lewis MA, Uhrig JD, Bann CM, Harris JL, Furberg RD, Coomes C, et al. Tailored text messaging intervention for HIV
adherence: a proof-of-concept study. Health Psychol 2013 Mar;32(3):248-253. [doi: 10.1037/a0028109] [Medline: 22545972]
Pop-Eleches C, Thirumurthy H, Habyarimana JP, Zivin JG, Goldstein MP, de Walque D, et al. Mobile phone technologies
improve adherence to antiretroviral treatment in a resource-limited setting: a randomized controlled trial of text message
reminders. AIDS 2011 Mar 27;25(6):825-834 [FREE Full text] [doi: 10.1097/QAD.0b013e32834380c1] [Medline: 21252632]
Fisher JD, Amico KR, Fisher WA, Cornman DH, Shuper PA, Trayling C, LifeWindows Team. Computer-based intervention
in HIV clinical care setting improves antiretroviral adherence: the LifeWindows Project. AIDS Behav 2011
Nov;15(8):1635-1646. [doi: 10.1007/s10461-011-9926-x] [Medline: 21452051]
León A, Cáceres C, Fernández E, Chausa P, Martin M, Codina C, et al. A new multidisciplinary home care telemedicine
system to monitor stable chronic human immunodeficiency virus-infected patients: a randomized study. PLoS One
2011;6(1):e14515 [FREE Full text] [doi: 10.1371/journal.pone.0014515] [Medline: 21283736]
Linn AJ, Vervloet M, van Dijk L, Smit EG, Van Weert JC. Effects of eHealth interventions on medication adherence: a
systematic review of the literature. J Med Internet Res 2011 Dec;13(4):e103 [FREE Full text] [doi: 10.2196/jmir.1738]
[Medline: 22138112]
Côté J, Godin G, Guéhéneuc YG, Rouleau G, Ramirez-Garcìa P, Otis J, et al. Evaluation of a real-time virtual intervention
to empower persons living with HIV to use therapy self-management: study protocol for an online randomized controlled
trial. Trials 2012;13:187 [FREE Full text] [doi: 10.1186/1745-6215-13-187] [Medline: 23039306]
Martorella G, Côté J, Racine M, Choinière M. Web-based nursing intervention for self-management of pain after cardiac
surgery: pilot randomized controlled trial. J Med Internet Res 2012;14(6):e177 [FREE Full text] [doi: 10.2196/jmir.2070]
[Medline: 23241361]

Abbreviations
ANOVA: analysis of variance
ART: antiretroviral therapy
GEE: generalized estimating equations
http://www.jmir.org/2015/1/e6/

XSL• FO
RenderX

J Med Internet Res 2015 | vol. 17 | iss. 1 | e6 | p. 11
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Côté et al

GLM: generalized linear model
HIV/AIDS: human immunodeficiency virus/acquired immune deficiency syndrome
ICT: information and communication technologies
LOCF: last observation carried forward
RCT: randomized controlled trial
SMS: short message service
VIH-TAVIE: HIV Treatment, Virtual Nursing Assistance and Education (Virus de l’immunodéficience humaine
- Traitement assistance virtuelle infirmière et enseignement)

Edited by G Eysenbach; submitted 20.01.14; peer-reviewed by M Lewis, E Purssell; comments to author 02.05.14; revised version
received 11.06.14; accepted 08.11.14; published 06.01.15
Please cite as:
Côté J, Godin G, Ramirez-Garcia P, Rouleau G, Bourbonnais A, Guéhéneuc YG, Tremblay C, Otis J
Virtual Intervention to Support Self-Management of Antiretroviral Therapy Among People Living With HIV
J Med Internet Res 2015;17(1):e6
URL: http://www.jmir.org/2015/1/e6/
doi: 10.2196/jmir.3264
PMID: 25563775

©José Côté, Gaston Godin, Pilar Ramirez-Garcia, Geneviève Rouleau, Anne Bourbonnais, Yann-Gaël Guéhéneuc, Cécile
Tremblay, Joanne Otis. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 06.01.2015. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2015/1/e6/

XSL• FO
RenderX

J Med Internet Res 2015 | vol. 17 | iss. 1 | e6 | p. 12
(page number not for citation purposes)

