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Abstract: Background: The purpose of this study was to design, usability test, and explore the
feasibility of a web-based educational platform/intervention for patients with atrial fibrillation (AF)
as part of their virtual AF care. Methods: Participants were patients attending a specialized AF clinic.
The multiple mixed-methods design included website design, think-aloud usability test, 1-month
unstructured pre-testing analysis using Google Analytics, follow-up interviews, and a non-randomized
one-group feasibility test using pre/post online surveys and Google Analytics. Results: Usability
testing participants (n = 2) guided adjustments for improving navigation. Pre-testing participants’
(n = 9) website activity averaged four sessions (SD = 2.6) at 10 (SD 8) minutes per session during a
1-month study period. In the feasibility test, 30 patients referred to AF specialty clinic care completed
the baseline survey, and 20 of these completed the 6-month follow-up survey. A total of 19 patients
accessed the website over the 6 months, and all 30 participants were sent email prompts containing
information from the website. Health-related quality of life, treatment satisfaction, household activity,
and AF knowledge scores were higher at follow-up than baseline. There was an overall downward
trend in self-reported healthcare utilization at follow-up. Conclusions: Access to a credible education
website for patients with AF has great potential to complement virtual and hybrid models of care.

Keywords: health services; atrial fibrillation clinic; website; education; user-centered design; healthcare
improvement

1. Introduction

Atrial fibrillation (AF) is the most common form of chronic arrhythmia, whose global
prevalence has doubled since the early 2000s [1]. Rates of AF steadily increase with age, from
0.16% in those younger than 49 years, 4.2% in those 60–70 years, and up to 17% in those aged
80 and older [2]. Consequences of poorly managed AF include stroke, heart failure, high rates
of hospitalization, emergency department (ED) use, and increased healthcare costs [3,4].

AF is challenging for both patients and healthcare providers to manage [4,5]. The shift
to virtual care with the pandemic has heightened some of these challenges. In a recent qual-
itative study, a number of AF patients found virtual AF care to be sub-optimal for meeting
their informational and educational needs, particularly when providers communicated
more complex and technical information and without the use of visuals to supplement
their explanations [6]. Additionally, fewer instances of information given by both clinicians
and patients were found between videoconference and phone compared to face-to-face in a
UK study of primary care [7].
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Evidence indicates that patients with AF with knowledge gaps and unmet educational
needs will seek their information from other sources. In one study, rural patients with
AF resorted to the use of a range of sources to meet their informational needs, such as
popular magazines (e.g., Reader’s Digest, senior’s magazines), other patients with AF,
or the internet [8]. Further, while some had uncertainties about the reliability of the
information, having received warnings from health providers about internet information
credibility, others accepted the information unquestioningly [8]. Similarly, Redman et al. [9]
found that AF patients with important unmet informational needs may seek “unproven”
advice from the internet. In contrast, Salmasi et al. [10] found that urban-based patients
experienced limitations when using the internet to find information on AF, such as finding
biases and inaccurate, misleading, and conflicting information.

Online/Web-based resources have shown considerable benefits for patient populations
in accessing information. However, evidence suggests that the quality of online resources
specific for patients with AF may not be optimal [11,12]. Pandya et al. [12] qualitatively
assessed the information provided in a range of online resources to identify what aspects
of thromboprophylaxis (antithrombotic treatment options) were most commonly described
in these resources. They reported that the resources had suboptimal information quality.
Similarly, Cano Valls et al.’s [13] assessment of websites describing catheter ablation treat-
ment for atrial fibrillation found few resources that were of high quality, understandable,
and contained actionable information. Access to and use of quality, credible, user-friendly
education websites for patients with AF has great potential to complement virtual and
hybrid models of care. The integration of complementary resources into the routine deliv-
ery of these care models can also support their sustainability [14]. Therefore, this study
aimed to design, usability test, and explore the feasibility of a web-based educational
platform/intervention for AF patients as an adjunct to their virtual AF care.

2. Materials and Methods
2.1. Study Design and Context

This study used multiple mixed methods, including qualitative website usability testing,
a combination of qualitative (interviews) and quantitative (usage) approaches for website
pre-testing, and a one-group pre-post educational intervention to explore the feasibility.
The context was an urban-based specialized AF clinic providing in-person and virtual
care to patients throughout a Canadian province. The study involved two phases: health
technology intervention design/usability testing and feasibility testing. The intervention
was a web-based education program combined with monthly email prompts within the
context of primarily specialty virtual AF care with in-person appointments as needed.

2.2. Health Technology Intervention Development and Description

A dedicated AF educational website was purposefully designed to complement the
education provided during specialty AF clinic appointments. The website was developed
by a team of researchers and clinicians with support from information technologists and
a digital marketing strategist. It used iterative design principles and proceeded through
four iterations—initial content creation, webpage design, usability testing, and pre-testing
before exploring feasibility.

2.2.1. Content Creation

The website content included well-established knowledge/educational topics needed by
patients living with and managing AF: (1) What is AF, (2) Lifestyle, (3) Complications, (4) Risk
Factors, and (5) Management [15]. The content was developed using current evidence-based
AF information sources (e.g., meta-analyses, systematic reviews, websites (e.g., Heart and
Stroke Foundation), a patient/provider needs assessment [8]) and was guided by a multi-
disciplinary group of content experts. The website content included responses prepared
by clinicians (nurse practitioner (NP), cardiologist) to Frequently Asked Questions (FAQs)
that arose from a previous needs assessment [8]. Selected patient stories from an earlier
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AF patient journey study were also integrated into the website [16]. Clinic care providers
(electrophysiologist/cardiologist, NP, RN, pharmacist) vetted and validated all content.

2.2.2. Website Design

A website designer built page skeletons with color schemes and font options. Research
team members vetted the website structure and scheme before the content was added. Once
the website was constructed, team members and AF healthcare providers were provided
with a website link and asked to provide feedback on the content, readability, ease of use,
and missing or extraneous information. See Figure 1; Figure 2 for website screenshots.
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2.2.3. Usability Testing

Two AF patients were recruited to perform usability testing from a pool of previous
research participants expressing an interest in future research. The think-aloud approach,
common for evaluating website usability [17–19], was used to have participants navigate
five common website tasks while verbalizing their process. Following task completion,
they were asked semi-structured questions about the website to address three criteria:
(1) ease of finding information (i.e., was information where you expected it); (2) ease in
understanding content; and (3) clarity of layout to support task performance. Participants
found the website useful, as one participant expressed, “To me this is user-friendly” and
“I’m really impressed with this because everything that you are wondering about, the
answers are right here” (Male, 81 years old). Overall improvements to readability and site
navigation were made based on participants’ feedback.

2.2.4. Pre-Testing

Nine patients (6 males, 3 females, mean age of 53 [SD 16.1]) with new or established
AF and not affiliated with a specialty AF clinic participated in a one-month unstructured
pre-testing phase to evaluate their interactions with the website. They received an email
giving them a link to the website and were told they had access to unlimited use of the
website for 4 weeks. Google Analytics [20] was used to collect data about total time spent
on the website, total number of sessions, pageviews, events, and average time spent on
the website per session. Participants’ website activity averaged four sessions (SD 2.6) at
10 (SD 8) minutes per session for 42 (SD 38) minutes in total during the 1-month study
period. The pages viewed most often were Lifestyle, Complications of AF, and Patient
stories, followed by Medications, each with seven users.

After the 1-month period, participants were invited to participate in a follow-up
interview guided by the Perceived Health Web Site Usability Questionnaire [21]. Of the
nine, three participants (male 58, female 68, male 84) agreed to participate in the follow-up
interviews. They found the website valuable as a refresher with everything in one place, as
complementary to provider education, and as an impetus for self-reflection. They described
the “good/very good” quality of the website information, its precision, simplicity, layout,
and ease in understanding and singled out specific content they appreciated (e.g., risk
factors). They also found it user-friendly and easy to navigate.

Beyond copyediting, participants had suggestions for website changes. These included
translating it to French and adding a mechanism to encourage ongoing connection to the
website (e.g., blog, educational newsletter for AF updates/self-management tips). Feedback
was used to create a series of email prompts to promote website engagement.

2.3. Health Technology Intervention
2.3.1. Design

The study used a non-randomized pre/post one-group design.

2.3.2. Study Population and Setting

The feasibility study took place in a Western Canadian urban-based specialized AF
clinic. The provincial-wide referral center provides integrated, multi-disciplinary care,
including acute interventions, education, disease management, and advanced treatments.
The clinic converted to primarily telephone appointments at the onset of the COVID-19
pandemic, with occasional video or in-person appointments as necessary. Educational
sessions previously held in person were not available during the pandemic nor at the
time of publication. Therefore, the website aimed to fill educational gaps and complement
specialty care appointments.

Eligible participants were any newly referred patients to the AF clinic who had not yet
had their first appointment. Such patients were typically recently diagnosed, symptomatic,
and/or referred for advanced treatment (e.g., ablation). Patients received a letter (email or
mail) notification from the clinic booking clerk about the research study and the potential
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for research team contact with them regarding participation. During recruitment, Research
Assistants (nursing or medical students) recruited patients using the clinic schedule with
patient contact information and appointment types. They identified and telephoned eligible
patients to provide study details and answer any outstanding questions. Recruitment
began in January 2021 and continued until September 2021, after which recruitment was
closed due to project timelines and the 6-month follow-up. Due to recruitment challenges,
including challenges contacting/reaching eligible patients prior to their first appointment,
participant numbers remained low, and we were unable to recruit sufficient numbers for a
control group.

2.3.3. Intervention Procedure

Following consent and baseline measure completion, all participants received an
intervention welcome email, instructions on website access, and general information about
the website. Participants were instructed to visit the website at their convenience and to
expect regular emails from the research team. Website usage was unstructured to allow
participants to control when they used the website, for how long, and what content they
accessed. An unstructured web-based educational approach has been previously shown
to improve self-care [22]. Website interaction was encouraged by monthly email prompts
(n = 6) sent to participants during the intervention. These encouraged making lifestyle
changes with SMART goals, integrating exercise, when to seek healthcare, controlling risk
factors, healthcare provider communication, and healthy diet.

2.3.4. Data Collection

Data were collected using an online survey hosted on Qualtrics [23] and Google
Analytics [20]. Patients needing additional assistance with survey completion could do it
over the phone with an RA or with a family member/friend.

2.3.5. Measures

Socio-demographic characteristics. Questions asked about age, sex, marital status, race/
ethnicity, education, and income.

Technology. Researcher-developed questions asked participants to select the types of
technology they used for daily life and healthcare (e.g., appointments, information) as well
as the type and cost of internet service. The questions also asked participants to rate their
satisfaction with internet services on a scale from 1 (poor) to 10 (excellent) on reliability,
speed, support, security, and availability.

Self-Efficacy and Healthcare Technology Attitudes [24]. A validated 24-item tool that
captures general self-efficacy, health technology self-efficacy (HTSE), and attitude toward
healthcare technology. Items are scored on a seven-point Likert scale from 1 (strongly
disagree) to 7 (strongly agree). Scores range from 1 (low self-efficacy/attitude) to 7 (high
self-efficacy/positive attitude).

Overall Health. Participants were asked to rate their overall health on a scale from
1 (poor) to 4 (excellent) [25].

Overall mental health. Participants were asked to rate their overall mental health on a
scale from 1 (poor) to 4 (excellent) [26].

Perceived stress [27]. The Perceived Stress Scale (PSS-10), a validated 10-item, 5-point
scale, measures the degree to which situations in one’s life are appraised as stressful, the
ability to control aspects of life, confidence in handling problems, or being unable to cope
with demands.

AF Knowledge [15]. The validated knowledge about the AF tool is a 24-item multiple
choice-style questionnaire, including questions about AF symptoms, treatment, medica-
tions, risk factors, and lifestyle. Participants are asked to choose one of three options for
each question, only one of which is the correct response. Knowledge scores are calculated
as a percentage of correct answers, with higher numbers indicating higher knowledge.
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Household and recreational physical activity [28]. Physical activity scores were calculated
based on the validated Phone-FITT questionnaire, adapted for online administration. Par-
ticipants were asked to indicate their participation in various household and recreational
activities in a typical week within the past month. Participants were also asked to provide a
frequency (times per week) and choose a duration from 1 (1–15 min) to 4 (1 h or more) and
an intensity from 1 (breathing normally and able to carry on a conversation) to 3 (too out
of breath to carry on a conversation). Scores were calculated as the sum of the frequency,
duration, and intensity for all household and recreational activities, with higher scores
indicating higher physical activity.

Atrial Fibrillation Effect on QualiTy-of-Life Questionnaire (AFEQT) [29]. AFEQT is a
20-item, 7-point scale comprising overall HRQoL and 3 sub-domains: symptoms, daily
activities, treatment concerns, along with AF treatment satisfaction. Overall HRQoL scores
are calculated as the sum of items 1–18, accounting for unanswered items, and normed on
a scale from 0–100, with higher numbers indicating higher HRQoL. Treatment satisfaction
scores for items 19–20 follow the same calculation, with higher scores indicating higher
treatment satisfaction.

Healthcare Utilization. A researcher developed a self-reporting tool to capture healthcare
utilization in the past six months, including the number of AF-related appointments per
healthcare provider, appointment type (i.e., in-person, virtual), emergency department
visits, and hospitalizations. Self-reported healthcare utilization has shown good agreement
with administrative data [30].

2.3.6. Analysis

Website usage was analyzed using Google Analytics to measure the total time spent on
the website, the total number of website sessions, the total number of page views, the total
number of events, and the average time each participant spent on the website per session.
Google Analytics was also used to track what device participants were using to access
the website (e.g., computer or smartphone) and whether directly (i.e., typing the website
address) or following a researcher-provided link (e.g., welcome email, newsletter link).

Data were analyzed using SPSS Statistics 28 [31]. Descriptive analyses (e.g., means
and frequencies) were used to summarize the data. To evaluate the differences in all
outcome variables of participants completing both baseline and the post-intervention
6-month follow-up surveys, paired samples t-tests were used. The magnitude of the pre-
and post-intervention differences was evaluated based on the effect size (Cohen’s D), given
the small sample size [32,33]. All continuous variables were inspected for normality and
outliers. p-values are used solely for informational/descriptive purposes, not to infer the
effects of the intervention.

2.4. Ethical Considerations

University Behavioral Research Ethics Board approval was obtained (#H19-03601)
prior to data collection. This study has been reported in line with the Consolidated Stan-
dards of Reporting Trials (CONSORT) extension for reports of randomized pilot and
feasibility studies [34].

3. Results

Of an original panel of 198 new referrals during the feasibility study period, 54 became
ineligible (either participated in another related study or were not reached prior to their first
appointment). Of the remaining 144, 30 participants (20.8% response rate) completed the
baseline survey, and 20 of these completed the 6-month follow-up survey (approximately
33% lost to follow-up). Baseline surveys took on average 44 min (range 19–89) to complete,
and follow-up surveys took on average 38 min (range 15–79). Baseline surveys had 1.8%
missing data, with no consistent pattern for missingness (Little’s MCAR p = 0.742). The
initial sample (n = 30) had an average age of 66 (range 37 to 84 years; SD = 9.8) and was
primarily Caucasian (n = 27; 90%). Baseline characteristics of participants are presented in
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Table 1. Of these participants, 53% reported using either a desktop or laptop computer, 47%
used a tablet, and 47% used a smartphone in their daily lives. Most participants reported
having “good” or “excellent” physical health (n = 21; 70%) and mental health (n = 21; 70%),
and on average perceived stress was relatively low at baseline (M = 13.93; SD = 8.1).

Table 1. Characteristics of participants at baseline.

Characteristics All Participants
(n = 30)

Participants Who Completed
Follow-Up (n = 20)

Age 1 66 (10) 65 (10)

Sex 2

Female 13 (43) 9 (45)
Male 17 (57) 11 (55)

Ethnicity 2

Caucasian/White 27 (90) 17 (85)
Asian 2 (6.7) 2 (10)

Indigenous 1 (3.3) 1 (5.0)

Marital Status 2

Single, divorced, separated, or widowed 13 (43) 8 (40)
Married, remarried, or common law 17 (57) 12 (60)

Education 2

College/University Graduate 17 (57) 14 (70)
Some post-secondary 7 (23) 4 (20)
High School or less 6 (20) 2 (10)

Income 2

Less than $25,000 6 (20) 2 (10)
$25,000–$50,000 8 (27) 6 (30)
$51,000–$75,000 4 (13) 1 (5)

Over $75,000 12 (40) 11 (55)

Overall Health 2

Excellent 2 (6.7) 2 (10)
Good 19 (63) 14 (70)
Fair 8 (27) 4 (20)
Poor 1 (3.3) 0

Overall Mental Health 2

Excellent 7 (23) 7 (35)
Good 14 (47) 8 (40)
Fair 7 (23) 4 (20)
Poor 2 (6.7) 1 (5)

Last Atrial Fibrillation 2

Current 10 (33) 7 (35)
Earlier today 2 (6.7) 1 (5)

Within the past week 5 (17) 3 (15)
Within the past month 6 (20) 4 (20)
1 month to 1 year ago 5 (17) 4 (20)

Never aware 1 (3.3) 1 (5)

Tobacco Use 2

Yes 2 (6.7) 1 (5)
No 28 (93) 19 (95)

Alcohol Use 2

Yes 12 (40) 10 (50)
No 18 (60) 10 (50)
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Table 1. Cont.

Characteristics All Participants
(n = 30)

Participants Who Completed
Follow-Up (n = 20)

Fruit consumption (days per week) 2

1–2 3 (10) 1 (5)
3–4 4 (13) 2 (10)
5–6 7 (23) 5 (25)
>6 16 (53) 12 (60)

Servings of fruit per day 2

1–2 21 (70) 13 (65)
3–4 8 (27) 7 (35)
5–6 1 (3.3) 0

Vegetable consumption (days per week) 2

1–2 2 (6.7) 2 (10)
2–3 1 (3.3) 0
3–4 2 (6.7) 1 (5)
5–6 9 (30) 7 (35)
>6 15 (50) 9 (47)

Missing 1 1

Servings of vegetables per day 2

1–2 11 (37) 6 (30)
3–4 16 (53) 13 (65)
4–5 1 (3.3) 0
5–6 1 (3.3) 1 (5)
>6 1 (3.3) 0

Cooking fat used 2

Vegetable oil 24 (80) 16 (80)
Butter 3 (10) 1 (5)

Margarine 2 (6.7) 2 (10)
Missing 1 1

1 Mean (SD). 2 n (%).

3.1. Healthcare Utilization and AF Specialty Clinic Care

At baseline (n = 30), the most common healthcare practitioner that participants re-
ported visiting in relation to their AF was a GP (n = 18; 60%), followed by a specialist
(n = 9; 30%), then a pharmacist (n = 7; 23%). The average number of GP visits for the
18 participants was 2.72 times (SD = 1.32) in the past 6 months. Of 27 participants at
baseline, 43% (n = 13) indicated that they had visited the emergency department (ED) in the
past 6 months because of their AF. Of these 13 participants, 2 reported being hospitalized
once after visiting the ED, and 3 reported being hospitalized 3 times. On average, these
5 participants were hospitalized for about 2.6 days (SD = 1.34).

At the 6-month follow-up (n = 20), 8 participants reported visiting their GP (40%),
3 visited a specialist (15%), and 5 visited a pharmacist (17%) in relation to their AF. The
average number of GP visits for these 8 participants was 2.63 times (SD = 1.19). Of the
20 who responded, only 1 indicated that they had visited the ED in the past 6 months for
their AF, and this participant did not report being hospitalized.

For the 20 patients who completed the follow-up survey, the average number of AF
clinic encounters over the 6 months was 7.70 (SD = 6.47). The average number of encounter
appointments for those who completed the follow-up and used the website (N = 15) was
8.73 (SD = 7.12) and 4.60 (SD = 2.41) for those who completed the follow-up and did not
use the website (N = 5).
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3.2. Website Usage

Table 2 compares the website usage of all participants who accessed the website,
patients who accessed the website and completed both pre and post surveys, and patients
who accessed the website but completed the baseline survey only.

Table 2. Comparison of Website Users.

Total (n = 19) Pre/Post (n = 13) Pre (n = 6)

Average # of unique pages visited a 3.58 (1.95) 3.92 (2.13) 2.83 (1.32)

Average # of sessions a 2.52 (1.57) 2.85 (1.62) 1.83 (1.33)

Email Prompts b

None 1 / 1
Introduction 8 6 2
Lifestyle (1) 8 6 2
Exercise (2) 2 2

Risk Factors (4) 7 4 3

Unique Pages Visited b

Home Page 12 9 3
Lifestyle 13 11 2

Risk Factors 10 7 3
Symptom Management 8 7 1

Complications 4 3 1
FAQ 7 6 1

Patient Stories 2 / 2
Resources 6 4 2

Smart Goals 6 4 2

Acquisition b

Introductory Email 11 9 2
Lifestyle Campaign (First Email Prompt) 3 2 1
Risk Factor Campaign (4th email prompt) 4 2 2

Typed in website directly (no link followed) 1 / 1
a mean (SD). b participant counts. # = number

Of the 30 participants who completed the baseline measures and were given access to
the website, 19 accessed the website (15 of these completed follow-up measures, and 4 did
not) over the 6 months either from a computer (n = 15), a smartphone (n = 3), or a tablet
(n = 1). The mean number of website sessions was 2.5 (SD 1.57; Range: 1 to 7 sessions),
with a mean time per session of 8.6 min (SD = 11.1). There were 68 unique webpage visits
between the 19 participants during the 6 months.

All 30 participants were sent email prompts that contained information about AF
drawn from the website. Most participants (n = 18) accessed the website from a link
emailed to the participants, with one participant accessing the website by typing or copying
the address into the browser directly. Participants accessed the website using links from the
introductory (n = 11), month one lifestyle (n = 10), month two exercise (n = 2), and month
four risk factor emails (n = 8). Participants did not access the website by following email
links from months 3 (symptom management), 5 (health provider communication), and
6 (healthy diet). Participants primarily visited the home page (53% of visits/sessions), with
the risk factors (20% of visits/sessions) and lifestyle (18% of visits/sessions) pages the next
most commonly visited pages. The time from researcher communication to the website
visit was, on average, 1.8 days, with approximately three participants visiting the website
on the same day of email receipt. Webpages that did not have specific prompts—patient
stories, resources, and complications—received fewer visits.
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3.3. Participants at Baseline versus Follow-Up

The descriptive data and results of paired samples t-test for participants at baseline
and at follow-up are presented in Table 3.

Table 3. Baseline and 6-month follow-up comparisons.

Variable
Participants at

Baseline
(n = 20) 1

Participants at
Follow-Up
(n = 20) 1

Change
M

(95% CI)
t p Cohen’s D

(95% CI)

AF Knowledge
Missing n = 2 78.70 (14.07) 81.71 (8.94) 3.01

(−2.11, 8.12) 1.24 0.231 0.29
(−0.18, 0.76)

AF Subscales:

Basic AF Knowledge 90.74 (19.15) 100.0 (0.0) 9.26
(−0.26, 18.78) 2.05 0.056 0.48

(−0.01, 0.97)

Common symptom knowledge 97.22 (11.79) 100.0 (0.0) 2.78
(−3.08, 8.64) 1.00 0.331 0.24

(−0.24, 0.70)

Consequences knowledge 60.0 (22.67) 61.33 (24.46) 1.33
(−10.84, 13.51) 0.24 0.818 0.06

(−0.45, 0.57)

Recurrent knowledge 82.35 (20.81) 78.43 (23.40) −3.92
(−18.62, 10.77) −0.57 0.579 −0.14

(−0.61, 0.34)

Treatment Knowledge 70.0 (28.92) 70.0 (20.00) 0.0
−13.27, 13.27) 0.00 1.00 0.0

(−0.57, 0.57)

Monitoring knowledge 83.33 (11.79) 84.31 (13.78) 0.98
(−4.66, 6.62) 0.37 0.718 0.09

(−0.39, 0.56)

Risk factors knowledge 94.12 (13.10) 100 (0.0) 5.88
(−0.85, 12.62) 1.85 0.083 0.45

(−0.06, 0.94)

Psyc knowledge 94.44 (23.57) 94.44 (23.57) 0.0
(−17.06, 17.06) 0.00 1.00 0.00

(−0.46, 0.46)
Household Activity

Missing n = 1 25.84 (6.67) 29.58 (5.98) 3.74
(0.20, 7.28) 2.22 0.040 0.51

(0.02, 0.98)
Recreational Activity

Missing n = 1 28.13 (18.67) 25.77 (13.35) −2.36
(−7.94, 3.23) −0.89 0.388 −0.20

(−0.66, 0.25)

Overall HRQoL (AFEQT) 68.72 (22.23) 84.28 (11.82) 15.56
(7.31, 23.80) 3.95 <0.001 0.88

(0.36, 1.40)

Symptoms HRQoL Subscale 69.17 (20.92) 86.67 (12.87) 17.5
(8.19, 26.81) 3.93 <0.001 0.88

(0.35, 1.39)

Daily Activities Subscale 73.41 (23.57) 84.91 (15.44) 11.50
(2.83, 20.18) 2.77 0.012 0.62

(0.13, 1.09)

Treatment Control Subscale 62.92 (27.58) 81.81 (14.88) 18.89
(8.74, 29.03) 3.90 <0.001 0.87

(0.35, 1.38)
Treatment Satisfaction (AFEQT)

Missing n = 1 60.53 (25.59) 81.14 (26.62) 20.61
(2.78, 37.44) 2.43 0.026 0.56

(0.07, 1.04)
General SE

Missing n = 2 6.01 (0.81) 5.90 (0.95) −0.10
(−0.47, 0.27) −0.59 0.564 −0.14

(−0.60, 0.33)
Health technology SE

Missing n = 2 5.23 (1.14) 5.24 (1.25) 0.01
(−0.40, 0.42) 0.05 0.962 0.01

(−0.45, 0.47)
Technology attitude

Missing n = 2 4.99 (1.09) 5.13 (1.38) 0.14
(−0.31, 0.60) 0.67 0.512 0.16

(−0.31, 0.62)

Perceived Stress 12.80 (8.12) 14.70 (8.74) 1.90
(−1.56, 5.36) 1.15 0.265 0.26

(−0.19, 0.70)
1 Mean (SD). Notes: Participants who did not complete a measure at baseline or at follow-up are indicated as
“Missing”. Effect sizes that are small, medium, or large in magnitude, according to Cohen (1988), are bolded
regardless of whether they are significant based on formal hypothesis testing.

Table 3 shows the means and mean change scores, confidence intervals, and effect
sizes for all study variables from baseline to follow-up. Overall, the intervention (vir-
tual care/AF website and prompts) produced mixed effects—positive, negative, and no
change. The largest changes were observed in variables showing positive effects: HRQoL,
treatment satisfaction, and household activity. The mean HRQoL, treatment satisfaction,
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and household activity scores were higher at follow-up than baseline, with medium to
high effect.

A smaller positive effect was observed for change in AF knowledge. The average base-
line knowledge score was higher at follow-up, with a small effect (d = 0.29). The knowledge
sub-scale mean scores that were higher at follow-up were risk factors knowledge, basic AF,
and common symptom knowledge.

Two variables displayed small negative effects. These included lower recreational
activity at follow-up (d = 0.20, small effect) and higher perceived stress at follow-up
(d = 0.26, small effect).

4. Discussion

This study aimed to design, usability test, and explore the feasibility of a web-based
educational platform/intervention for AF patients to complement the virtual care and
education provided at an urban-based specialty AF care clinic. Following 6-month access
to and use of a dedicated AF website together with virtual care sessions, we observed
increases in HRQoL, treatment satisfaction, and household activity for patients attend-
ing the clinic. AF knowledge was also higher at follow-up, although the effect did not
reach significance.

The recruitment rate (20.8%) overall was fairly low, though retention (67%) was
reasonable. According to the framework for hypothesis testing and sample size around
process outcome evaluation, future pilot study work would require a minimum sample
of 78 to verify/confirm a minimum recruitment uptake of 20% [35]. Our findings suggest
that to accomplish this, either the recruitment timeframe would need to be extended or
recruitment occurs through more than one clinic; however, establishing avenues to bolster
recruitment, such as reducing participant burden or increasing incentives to participate,
would enhance feasibility. However, our recruitment and retention were consistent with
other pre-post interventions with AF patient populations, which have ranged from as low
as 13.2% of eligible patients with AF presenting for consultation or hospitalized [36] to
65% of patients undergoing pulmonary vein isolation or cardioversion recruited to use an
online education platform [37]. Given recruitment rates are often unreported in studies of
patients with AF, our findings provide useful uptake estimates among patients with AF
newly referred to a specialty clinic. Finally, despite fairly lengthy online survey completion
times (~40 min), we did not identify high levels of missing data or critical issues with the
included study measures, though the follow-up survey completion rate may have been
higher had surveys been shorter/less burdensome.

As recommended for feasibility studies, we did not perform formal hypothesis testing
for intervention effectiveness but instead examined the magnitude of effect [38]. Following
Cohen’s [39] guide for effect sizes (d = 0.2 = small, d = 0.5 = medium, and d = 0.8 = large),
we found a large effect size for HRQoL (d = 0.88) and medium effect sizes for treatment
satisfaction (d = 0.56) and household activity (d = 0.51), suggesting that these differences
were quite substantial. These findings resonate with findings from a recent study of a
nurse-led primary care clinic in a Singapore community that offered integrated chronic
care, including AF with Advanced Practice nurse delivered regular patient education, sup-
plemented by a specially curated webpage, fast-tracked appointments for hospital-based
specialized investigations, and teleconsultation with a hospital-based cardiologist [40].
These authors reported increased AF knowledge, HRQoL, medication adherence, patient
satisfaction, and improved depression from baseline to 6-month follow-up in their one
group pre-post intervention study but no change in cardiovascular-related hospitalizations.
Similarly, a systematic review of seven studies evaluating the effectiveness of different
apps for AF management reported that overall these improved patient knowledge of AF,
HRQoL, and medication adherence [41].

The nearly 20-point increase in HRQoL from pre- to post-intervention among patient
participants in the current study is well above the 5-point change in HRQoL that is con-
sidered meaningful [42]. This increase is reflected in increases in the symptoms, daily
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activities, and treatment concerns subscales. Symptoms have been well-established to
be related to HRQoL [43]. This trend is consistent with participants’ modest increases
in treatment satisfaction and household activities and in the overall downward trend
in ED visits observed over the 6-month intervention. The observed increase in HRQoL
and household activity is consistent with our other work in which we found that higher
household physical activity, but not recreational activity, was related to higher HRQoL on
all three subscales, as well as overall HRQoL [44]. Study patients demonstrated higher
overall mean AF knowledge scores at 6-month follow-up that represented a small but
non-significant effect size. The overall total baseline knowledge scores were average at
79 (M 18.89/24 SD 3.38) and increased to 83 (M 19.75/24 SD 2.10) post-intervention. This
small 3-point increase may reflect the variability across the knowledge sub-domains from a
low of 60 on consequences of knowledge to 97 on common symptom knowledge. This is
not unexpected given that participants, despite all being “new referrals”, included both
patients with newly diagnosed AF and with longer-standing AF receiving specialized
treatments/management (e.g., ablation). Higher scores might be expected for those with
longer standing AF compared to those recently diagnosed. This is consistent with McCabe
et al.’s [15] initial psychometric testing of their Knowledge about AF tool with higher scores
in patients undergoing ablation compared to newly diagnosed patients.

The small rise in total knowledge scores reflects sub-domain score increases in those
sub-domains with the highest baseline scores. Although it is not possible to determine
the complementary contribution of the website to the observed effects separate from the
virtual clinic appointments and supports, these specific sub-domain increases align with
both the greater number of visits to webpages, which included these three knowledge
domains (home page: basic AF and symptom management; and risk factors page) and
email prompts that triggered participants to visit webpages, including these knowledge
domains. In another study, a virtual intervention increased knowledge beyond information
available during the often brief clinic visits [45]. Noteworthy was the minimal change
and, in some cases, decrease in scores of those sub-domains on which participants scored
the lowest at baseline (e.g., consequences, treatment, monitoring). Engaging patients
in these important sub-domains should be an emphasis in future web-based work with
AF patients.

Homepage visits garnered the greatest proportion of patients’ website visits, and
although not unexpected, it points to the importance of including critical, need-to-know
information on this page. The AF website homepage used in the current study included a
website overview, what AF is (plus video), AF types and symptoms, and downloadable
guidelines for when to go to the hospital. Risk factor pages had the next highest visits
and reinforced the appreciation pre-testing participants expressed related to this content.
Lifestyle webpages, the third most visited pages, are an important finding. A strength of the
AF website used in the current study is its inclusion of pages related to lifestyle factors (e.g.,
obesity, alcohol, smoking, physical activity), content not always found on publicly available
AF websites. In fact, in their systematic review of AF websites, Middledorp et al. [46] found
that only 74% of the websites provided information on lifestyle factors associated with AF,
while AF definition, symptoms, types, medication therapies, and procedural treatment
options appeared in over 90% of them. That patients appeared to gravitate to the risk factor
and lifestyle pages may also reflect their interest in learning ways to self-manage their AF
beyond treatments.

The use of a largely unstructured web-based educational approach, previously shown
to improve self-care [22], together with email prompts to trigger webpage viewing in the
current study yielded website engagement of nearly two-thirds of participants during the
6 months. The email prompts, in particular, appeared to promote website engagement,
mostly within two days of email receipt and many the same day. This enhanced engagement
is consistent with the findings from a systematic review that reported technology-based
prompts had borderline positive effects compared to no prompts [47]. Although website
users had nearly double the clinic appointments of non-users, whether appointments with
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clinic providers played any role in website engagement is unknown but bears further ex-
ploration. Noteworthy was our finding that website use on pages not highlighted in emails
had little or no views. Overall, an educational website was feasible for complementing the
use of virtual care to meet the educational needs of patients with AF. Expanding support
for patients with AF, as in the current study, enhances the quality and efficiency of hybrid
and virtual models of care and has the potential to advance their sustainability.

Limitations

This study provides valuable foundational knowledge for expanding and evaluating
an educational website to support AF patients as part of their AF specialty clinic care.
Despite its strengths, this study has some limitations. The small sample size, which aligns
with our objective of assessing feasibility, limits the generalizability of our findings, as
does the specific focus on patients newly referred to AF specialty clinic care. Although
the largely Caucasian sample reflected the larger clinic population of patients with AF,
it lacked representation of ethnic diversity. The pre-post findings should be interpreted
cautiously, as the estimation of treatment effects in feasibility studies can be unreliable
due to small sample sizes [48]. Yet, according to Sim [38], confidence intervals around
mean differences can provide informal reassurance of what might be expected in a future
study. Indeed, for overall HRQoL, the lower bound 95% confidence interval was above the
minimally important change (MIC) from a clinical perspective (e.g., 5-point difference [42]),
suggesting that an effect of at least the MIC will be observed in similar future intervention
research. We lost one-third of the participants in the follow-up and some participants did
not access the website at all. The lack of a control group limits the strength of conclusions
we can draw about the contribution of the website. Despite this, changes in knowledge
sub-domains did align with most accessed website content. Although there was no tracking
of the “education” participants received as part of their virtual appointments or additional
education outside of the clinic during the 6-month study, it is likely that primary care
physicians, who were the most frequent health provider participants, saw during the study
period, may have provided education. Additionally, all participants were provided email
prompts with similar content to the online web pages, which limits the interpretability of
comparing website users and non-users. Future research might include testing the website
and specialty care clinic against care alone as an active control group.

5. Conclusions

Newly referred patients to AF specialty clinic care who received specialty AF care
and website access with email prompts over 6 months had higher scores on health-related
quality of life, treatment satisfaction, household activity, and AF knowledge compared to
baseline. They engaged mainly with the home, lifestyle, and risk factor pages, and email
prompts encouraged engagement. These feasibility findings may provide a foundation to
inform the design and conduct of future pilot trials on patients with AF. Although further
testing is needed, there is considerable potential for eHealth and educational interventions
to complement virtual and hybrid models of healthcare and enhance their sustainability.

Author Contributions: K.L.R., P.L., J.G.A. and L.M. contributed to the study design. K.L.R., L.B.,
L.M. and R.P. contributed to data collection, and K.L.R., L.B., C.L.S., K.C. and B.P.O. analyzed the
data. K.L.R. drafted the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Canadian Institutes of Health Research, grant number
PJT-148737.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Behavioral Ethics Review Board of the University of
British Columbia Okanagan (#H19-03601).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Int. J. Environ. Res. Public Health 2023, 20, 6792 14 of 16

Data Availability Statement: Data are unavailable due to ethical restrictions.

Acknowledgments: The authors wish to extend their thanks to all the patient participants and to
Kaylee Neill and Sarah Singh for their assistance with recruitment.

Conflicts of Interest: JGA reports grants from Medtronic and the Heart and Stroke Foundation of
Canada during the conduct of this study; personal fees from Medtronic and Biosense Webster Inc.,
outside the submitted study. The other authors report no conflicts of interest. The funders had no
role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of
the manuscript; or in the decision to publish the results.

References
1. Zulkifly, H.; Lip, G.Y.H.; Lane, D.A. Bleeding Risk Scores in Atrial Fibrillation and Venous Thromboembolism. Am. J. Cardiol.

2017, 120, 1139–1145. [CrossRef]
2. Zoni-Berisso, M.; Lercari, F.; Carazza, T.; Domenicucci, S. Epidemiology of atrial fibrillation: European perspective. Clin. Epidemiol.

2014, 6, 213–220. [CrossRef] [PubMed]
3. Gillis, A.M.; Burland, L.; Arnburg, B.; Kmet, C.; Pollak, P.T.; Kavanagh, K.; Veenhuyzen, G.; Wyse, D.G. Treating the right patient

at the right time: An innovative approach to the management of atrial fibrillation. Can. J. Cardiol. 2008, 24, 195–198. [CrossRef]
[PubMed]

4. Santini, M.; De Ferrari, G.M.; Pandozi, C.; Alboni, P.; Capucci, A.; Disertori, M.; Gaita, F.; Lombardi, F.; Maggioni, A.P.; Mugelli,
A.; et al. Atrial fibrillation requiring urgent medical care. Approach and outcome in the various departments of admission. Data
from the atrial Fibrillation/flutter Italian REgistry (FIRE). Ital. Heart J. 2004, 5, 205–213. [PubMed]

5. Morra, D.; Bhatia, S.; Leblanc, K.; Meshkat, N.; Plaza, C.; Beard, L.; Wodchis, W. Reconnecting the Pieces to Optimize Care in Atrial
Fibrillation: A White Paper on the Management of AF Patients in Ontario; Centre for Innovation in Complex Care, University Health
Network: Toronto, ON, Canada, 2011.

6. Rush, K.L.; Burton, L.; Loewen, P.; Wilson, R.; Singh, S.; Moroz, L.; Andrade, J.G. Patients’ Experiences With the Fit of Virtual
Atrial Fibrillation Care During the Pandemic: Qualitative Descriptive Study. JMIR Cardio 2023, 7, e41548. [CrossRef]

7. Hammersley, V.; Donaghy, E.; Parker, R.; McNeilly, H.; Atherton, H.; Bikker, A.; Campbell, J.; McKinstry, B. Comparing the
content and quality of video, telephone, and face-to-face consultations: A non-randomised, quasi-experimental, exploratory
study in UK primary care. Br. J. Gen. Pract. 2019, 69, E595–E604. [CrossRef]

8. Rush, K.L.; Burton, L.; Van Der Merwe, F.; Hatt, L.; Galloway, C. Atrial fibrillation care in rural communities: A mixed methods
study of physician and patient perspectives. BMC Fam. Pract. 2019, 20, 1–11. [CrossRef]

9. Redman, K.; Thorne, S.; Lauck, S.B.; Taverner, T. ‘What else can I do?’: Insights from atrial fibrillation patient communication
online. Eur. J. Cardiovasc. Nurs. 2017, 16, 194–200. [CrossRef]

10. Salmasi, S.; Kwan, L.; MacGillivray, J.; Bansback, N.; De Vera, M.A.; Barry, A.R.; Harrison, M.J.; Andrade, J.; Lynd, L.D.; Loewen,
P. Assessment of atrial fibrillation patients’ education needs from patient and clinician perspectives: A qualitative descriptive
study. Thromb. Res. 2019, 173, 109–116. [CrossRef]

11. Camm, C.F.; Russell, E.; Xu, A.J.; Rajappan, K. Does YouTube provide high-quality resources for patient education on atrial
fibrillation ablation? Int. J. Cardiol. 2018, 272, 189–193. [CrossRef]

12. Pandya, E.; Masood, N.; Wang, Y.; Krass, I.; Bajorek, B. Impact of a computerized antithrombotic risk assessment tool on the
prescription of thromboprophylaxis in atrial fibrillation: Hospital setting. Clin. Appl. Thromb. Hemost. 2018, 24, 85–92. [CrossRef]
[PubMed]

13. Cano Valls, A.; Gallagher, C.; Carro, E.; Matas, M.; Mont, L.; Lau, D.; Sanders, P.; Hendriks, J.M. Quality evaluation of patient
educational resources for catheter ablation treatment of atrial fibrillation. Eur. J. Cardiovasc. Nurs. 2022, 21, 382–389. [CrossRef]
[PubMed]

14. Walugembe, D.R.; Sibbald, S.; Le Ber, M.J.; Kothari, A. Sustainability of public health interventions: Where are the gaps? Health
Res. Policy Syst. 2019, 17, 1–7. [CrossRef]

15. McCabe, P.J.; Sendin, M.J.; Stuart-Mullen, L.; Kronebusch, B.; Fowler, S.; Krecke, C.; Kopecky, S. Initial psychometric testing of the
knowledge about atrial fibrillation and self-management survey. J. Cardiovasc. Nurs. 2020, 35, 35–44. [CrossRef] [PubMed]

16. Rush, K.L.; Oelke, N.D.; Shay, M.; Pedersen, C. Seeing the rural healthcare journeys of older adults with atrial fibrillation through
a photographic lens. Chronic. Illn. 2017, 13, 204–216. [CrossRef]

17. Hinchliffe, A.; Mummery, W.K. Applying usability testing techniques to improve a health promotion website. Health Promot. J.
Aust. 2008, 19, 29–35. [CrossRef]

18. Peute, L.W.; Knijnenburg, S.L.; Kremer, L.C.; Jaspers, M.W.M. A concise and practical framework for the development and
usability evaluation of patient information websites. Appl. Clin. Inf. 2015, 6, 383–399.

19. Van Waes, L. Thinking aloud as a method for testing the usability of websites: The influence of task variation on the evaluation of
hypertext. IEEE Trans. Prof. Commun. 2000, 43, 279–291. [CrossRef]

https://doi.org/10.1016/j.amjcard.2017.06.058
https://doi.org/10.2147/CLEP.S47385
https://www.ncbi.nlm.nih.gov/pubmed/24966695
https://doi.org/10.1016/S0828-282X(08)70583-X
https://www.ncbi.nlm.nih.gov/pubmed/18340388
https://www.ncbi.nlm.nih.gov/pubmed/15119503
https://doi.org/10.2196/41548
https://doi.org/10.3399/bjgp19X704573
https://doi.org/10.1186/s12875-019-1029-1
https://doi.org/10.1177/1474515116678103
https://doi.org/10.1016/j.thromres.2018.11.015
https://doi.org/10.1016/j.ijcard.2018.08.066
https://doi.org/10.1177/1076029616670031
https://www.ncbi.nlm.nih.gov/pubmed/27671272
https://doi.org/10.1093/eurjcn/zvab078
https://www.ncbi.nlm.nih.gov/pubmed/34595515
https://doi.org/10.1186/s12961-018-0405-y
https://doi.org/10.1097/JCN.0000000000000613
https://www.ncbi.nlm.nih.gov/pubmed/31804248
https://doi.org/10.1177/1742395316670462
https://doi.org/10.1071/HE08029
https://doi.org/10.1109/47.867944


Int. J. Environ. Res. Public Health 2023, 20, 6792 15 of 16

20. Google. Analytics Tools & Solutions for Your Business—Google Analytics. Mountain View, California. 2022. Available online:
https://marketingplatform.google.com/about/analytics/ (accessed on 30 May 2023).

21. Nahm, E.-S.; Preece, J.; Resnick, B.; Mills, M.E. Usability of health Web sites for older adults: A preliminary study. CIN Comput.
Inform. Nurs. 2004, 22, 326–334. [CrossRef]

22. Fredericks, S.; Martorella, G.; Catallo, C. A systematic review of web-based educational interventions. Clin. Nurs. Res. 2015, 24,
91–113. [CrossRef]

23. Qualtrics. Qualtrics XM: The Leading Experience Management Software. Provo, UT, USA. 2022. Available online: https:
//www.qualtrics.com/ (accessed on 30 May 2023).

24. Rahman, M.S.; Ko, M.; Warren, J.; Carpenter, D. Healthcare Technology Self-Efficacy (HTSE) and its influence on individual
attitude: An empirical study. Comput. Hum. Behav. 2016, 58, 12–24. [CrossRef]

25. Ware, J.E.; Kosinski, M.; Keller, S.D. A 12-Item Short-Form Health Survey: Construction of scales and preliminary tests of
reliability and validity. Med. Care 1996, 34, 220–233. [CrossRef] [PubMed]

26. Ahmad, F.; Jhajj, A.K.; Stewart, D.E.; Burghardt, M.; Bierman, A.S. Single item measures of self-rated mental health: A scoping
review. BMC Health Serv. Res. 2014, 14, 1–11. [CrossRef] [PubMed]

27. Cohen, S.; Kamarck, T.; Mermelstein, R. A global measure of perceived stress. J. Health Soc. Behav. 1983, 24, 386–396. [CrossRef]
28. Gill, D.P.; Jones, G.R.; Zou, G.; Speechley, M. The Phone-FITT: A brief physical activity interview for older adults. J. Aging Phys.

Act. 2008, 16, 292–315. [CrossRef]
29. Spertus, J.; Dorian, P.; Bubien, R.; Lewis, S.; Godejohn, D.; Reynolds, M.R.; Lakkireddy, D.R.; Wimmer, A.P.; Bhandari, A.; Burk, C.

Development and validation of the Atrial Fibrillation Effect on Quality-of-Life (AFEQT) Questionnaire in patients with atrial
fibrillation. Circ. Arrhythmia Electrophysiol. 2011, 4, 15–25. [CrossRef]

30. Leggett, L.E.; Khadaroo, R.G.; Holroyd-Leduc, J.; Lorensetti, D.L.; Hanson, H.; Wagg, A.; Clement, F. Measuring resource
utilization: A systematic review of validated self-reported questionnaires. Medicine 2016, 95, e2759. [CrossRef]

31. IBM Corporation. IBM SPSS Statistics for Windows, Version 28. 2022. Available online: https://www.ibm.com/support/pages/
downloading-ibm-spss-statistics-28 (accessed on 28 May 2023).

32. Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for t-tests and ANOVAs.
Front. Psychol. 2013, 4, 863. [CrossRef]

33. Sullivan, G.M.; Feinn, R. Using effect size—Or why the p value Is not enough. J. Grad. Med. Educ. 2012, 4, 279–282. [CrossRef]
34. Lancaster, G.A.; Thabane, L. Guidelines for reporting non-randomised pilot and feasibility studies. Pilot Feasibility Stud. 2019, 5,

114. [CrossRef]
35. Lewis, M.; Bromley, K.; Sutton, C.J.; McCray, G.; Myers, H.L.; Lancaster, G.A. Determining sample size for progression criteria for

pragmatic pilot RCTs: The hypothesis test strikes back! Pilot Feasibility Stud. 2021, 7, 40. [CrossRef]
36. Desteghe, L.; Kluts, K.; Vijgen, J.; Koopman, P.; Dilling-Boer, D.; Schurmans, J.; Dendale, P.; Heidbuchel, H. The Health Buddies

App as a Novel Tool to Improve Adherence and Knowledge in Atrial Fibrillation Patients: A Pilot Study. JMIR Mhealth Uhealth
2017, 5, e98. [CrossRef]

37. Desteghe, L.; Germeys, J.; Vijgen, J.; Koopman, P.; Dilling-Boer, D.; Schurmans, J.; Delesie, M.; Dendale, P.; Heidbuchel, H.
Effectiveness and usability of an online tailored education platform for atrial fibrillation patients undergoing a direct current
cardioversion or pulmonary vein isolation. Int. J. Cardiol. 2018, 272, 123–129. [CrossRef]

38. Sim, J. Should treatment effects be estimated in pilot and feasibility studies? Pilot Feasibility Stud. 2019, 5, 107. [CrossRef]
39. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: Oxfordshire, UK, 1988. [CrossRef]
40. Woo, B.F.Y.; Tam, W.W.S.; Rangpa, T.; Liau, W.F.; Nathania, J.; Lim, T.W. A nurse-led integrated chronic care e-enhanced atrial

fibrillation (NICE-AF) clinic in the community: A preliminary evaluation. Int. J. Environ. Res. Public Health 2022, 19, 4467.
[CrossRef] [PubMed]

41. Lane, D.A.; McMahon, N.; Gibson, J.; Weldon, J.C.; Farkowski, M.M.; Lenarczyk, R.; Watkins, C.L.; Dilaveris, P.; Caiani, E.G.;
Potpara, T.S. Mobile health applications for managing atrial fibrillation for healthcare professionals and patients: A systematic
review. EP Eur. 2020, 22, 1567–1578. [CrossRef] [PubMed]

42. Holmes, D.N.; Piccini, J.P.; Allen, L.A.; Fonarow, G.C.; Gersh, B.J.; Kowey, P.R.; O’Brien, E.C.; Reiffel, J.A.; Naccarelli, G.V.;
Ezekowitz, M.D.; et al. Defining clinically important difference in the atrial fibrillation effect on quality-of-life score: Results
from the outcomes registry for better informed treatment of atrial fibrillation. Circ. Cardiovasc. Qual. Outcomes 2019, 12, e005358.
[CrossRef] [PubMed]

43. Son, Y.J.; Baek, K.H.; Lee, S.J.; Seo, E.J. Health-related quality of life and associated factors in patients with atrial fibrillation: An
integrative literature review. Int. J. Environ. Res. Public Health 2019, 16, 3042. [CrossRef]

44. Rush, K.L.; Seaton, C.L.; Burton, L.; Loewen, P.; O’Connor, B.P.; Moroz, L.; Corman, K.; Smith, M.A.; Andrade, J.G. Quality of life
among patients with atrial fibrillation: A Theoretically-guided Cross-Sectional Study. PLoS ONE, 2023; in press.

45. Mihas, P.; Rosman, L.; Armbruster, T.; Walker, J.; Deyo, Z.; Gehi. Assessing a virtual education intervention for patients with
atrial fibrillation. J. Cardiovasc. Nurs. 2023; 1–11, ahead of print. [CrossRef]

46. Middeldorp, M.E.; Lyrtzis, E.; Heath, K.; Hall, T.; Kadhim, K.; Sanders, P. Assessment of available online educational resources
for patients with atrial fibrillation. Heart Rhythm. O2 2023, 4, 187–192. [CrossRef]

https://marketingplatform.google.com/about/analytics/
https://doi.org/10.1097/00024665-200411000-00007
https://doi.org/10.1177/1054773814522829
https://www.qualtrics.com/
https://www.qualtrics.com/
https://doi.org/10.1016/j.chb.2015.12.016
https://doi.org/10.1097/00005650-199603000-00003
https://www.ncbi.nlm.nih.gov/pubmed/8628042
https://doi.org/10.1186/1472-6963-14-398
https://www.ncbi.nlm.nih.gov/pubmed/25231576
https://doi.org/10.2307/2136404
https://doi.org/10.1123/japa.16.3.292
https://doi.org/10.1161/CIRCEP.110.958033
https://doi.org/10.1097/MD.0000000000002759
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-28
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-28
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.4300/JGME-D-12-00156.1
https://doi.org/10.1186/s40814-019-0499-1
https://doi.org/10.1186/s40814-021-00770-x
https://doi.org/10.2196/mhealth.7420
https://doi.org/10.1016/j.ijcard.2018.07.065
https://doi.org/10.1186/s40814-019-0493-7
https://doi.org/10.4324/9780203771587
https://doi.org/10.3390/ijerph19084467
https://www.ncbi.nlm.nih.gov/pubmed/35457336
https://doi.org/10.1093/europace/euaa269
https://www.ncbi.nlm.nih.gov/pubmed/32853369
https://doi.org/10.1161/CIRCOUTCOMES.118.005358
https://www.ncbi.nlm.nih.gov/pubmed/31092022
https://doi.org/10.3390/ijerph16173042
https://doi.org/10.1097/JCN.0000000000000984
https://doi.org/10.1016/j.hroo.2022.12.013


Int. J. Environ. Res. Public Health 2023, 20, 6792 16 of 16

47. Alkhaldi, G.; Hamilton, F.L.; Lau, R.; Webster, R.; Michie, S.; Murray, E. The effectiveness of prompts to promote engagement
with digital interventions: A systematic review. J. Med. Internet. Res. 2016, 18, e6. [CrossRef]

48. Moore, C.G.; Carter, R.E.; Nietert, P.J.; Stewart, P.W. Recommendations for planning pilot studies in clinical and translational
research. Clin. Transl. Sci. 2011, 4, 332–337. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2196/jmir.4790
https://doi.org/10.1111/j.1752-8062.2011.00347.x
https://www.ncbi.nlm.nih.gov/pubmed/22029804

	Introduction 
	Materials and Methods 
	Study Design and Context 
	Health Technology Intervention Development and Description 
	Content Creation 
	Website Design 
	Usability Testing 
	Pre-Testing 

	Health Technology Intervention 
	Design 
	Study Population and Setting 
	Intervention Procedure 
	Data Collection 
	Measures 
	Analysis 

	Ethical Considerations 

	Results 
	Healthcare Utilization and AF Specialty Clinic Care 
	Website Usage 
	Participants at Baseline versus Follow-Up 

	Discussion 
	Conclusions 
	References

