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ABSTRACT
Objective Cardiac rehabilitation (CR) is a comprehensive 
model of secondary preventive care. There is a wide 
variety in implementation characteristics globally, and 
hence quality control is paramount. Thus, the International 
Council of Cardiovascular Prevention and Rehabilitation 
was urged to develop a CR registry. The purpose of 
this study was to test the perceived usability of the 
International Cardiac Rehabilitation Registry (ICRR) to 
optimise it.
Design This was a qualitative study, comprising virtual 
usability tests using a think- aloud method to elicit 
feedback on the ICRR, while end- users were entering 
patient data, followed by semistructured interviews.
Setting Ultimately, 12 tests were conducted with CR staff 
(67% female) in low- resource settings from a variety of 
disciplines in all regions of the world but Europe before 
saturation was achieved.
Primary outcome measure Participants completed 
the System Usability Scale. Interviews were transcribed 
verbatim except to preserve anonymity, and coded using 
NVIVO by two researchers independently. The Unified 
Theory of Acceptance and Use of Technology 2 informed 
analysis.
Results The ICRR was established as easy to use, 
relevant, efficient, with easy learnability, operability, 
perceived usefulness, positive perceptions of output 
quality and high end- user satisfaction. System usability 
was 83.75, or ‘excellent’ and rated ‘A’. Four major themes 
were deduced from the interviews: (1) ease of approvals, 
adoption and implementation; (2) benefits for programmes, 
(3) variables and their definitions, as well as (4) patient 
report and follow- up assessment. Based on participant 
observation and utterances, suggestions for changes to 
the ICRR were implemented, including to the programme 
survey, on- boarding processes, navigational instructions, 
inclusion of programme logos, direction on handling 
unavailable data and optimising data completeness, 
as well as policies for authorship and programme 
certification.
Conclusions With usability of the ICRR optimised, pilot 
testing shall ensue.

INTRODUCTION
Cardiovascular diseases (CVDs) continue to 
be the leading cause and a significant contrib-
utor of disease burden globally,1 with rising 
incidence in low- income and middle- income 

countries (LMICs).2 According to a 2019 
Global Burden of Disease Study, the prev-
alence of CVD has nearly doubled from 
271 million in 1990 to 523 million. This is 
mainly due to advancements in screening and 
associated risk factor control as well as acute 
treatments, such that most cardiac patients 
survive on initial diagnosis, but then live 
with CVD chronically at an increased risk of 
mortality and further morbidity.3

Cardiac rehabilitation (CR) is a compre-
hensive model of secondary preventive care to 
mitigate this burden.4–7 Core components of 
risk factor assessment and control, structured 
exercise, patient education as well as psycho-
social counselling are delivered by a multidis-
ciplinary team. Participation in CR reduces 
cardiovascular mortality and hospitalisation 
by 20%,8 and improves quality of life.9 Bene-
fits are also robustly established in LMICs.10 
However, CR programmes in low- resource 
settings are less comprehensive, and more 
often delivered in privately funded centres, 
which can be of lower quality than publicly 
funded ones.11 There is grossly insufficient 
CR capacity,11 12 particularly in LMICs. Thus, 
groups such as the International Council of 
Cardiovascular Prevention and Rehabilitation 
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(ICCPR) are leading the way in supporting development 
of new, high- quality programmes.

Clinical registries can support care quality.13–15 Unfortu-
nately however, there are few CR registries, with a recent 
systematic review revealing only seven worldwide,16 most 
of which are not applicable to LMICs. Therefore, the 
ICCPR recently developed one specific to low- resource 
settings.17 The purpose of this study was to test the 
perceived usability of the International Cardiac Rehabili-
tation Registry (ICRR) in such settings,18 to ensure appli-
cability and optimal utility, and hence ultimate uptake 
to achieve its goals (https://globalcardiacrehab.com/ 
ICRR-Governance).

Methods
Details on the development of the ICRR and the data 
dictionary are reported elsewhere.17 The process has 
been user- centred and iterative, and the current usability 
test is the next stage of preplanned evaluation.18

In brief, interested programmes complete a 
programme survey detailing the structural aspects of 
their programme such as number of prescribed sessions 
and duration, on which registry post- test assessment 
timing is based. The ICRR collects 12 program- reported 
and 17 patient- reported (or depending on local context 
and ethics approvals, patients report to CR staff to enter) 
variables, assessed pre and post CR (including in those 
who do not complete the programme); some of the vari-
ables are assessed at both timepoints. There is also an 
annual assessment, which was not assessed during the 
usability test, but was discussed during the subsequent 
interviews. Definitions of most variables are built into 
the ICRR screens with information bubbles (‘i’; figure 1) 
or hover features (https://globalcardiacrehab.com/ 
ICRR-Variables-&-Data-Dictionary).

The registry governance structure includes a user 
subcommittee tasked with on- boarding programmes 

and supporting them in entering quality data as well as 
programme quality improvement activities (https:// 
globalcardiacrehab.com/ICRR-Governance). The latter 
is supported through two outcome dashboards (six vari-
ables each), where programme performance is compared 
over time and also to other programmes. The ICRR 
also generates an optional patient lay summary partic-
ipating patients can be provided post programme to 
support them in optimising self- management long term 
(see template here: https://globalcardiacrehab.com/ 
ICRR-for-Patients).

Design and procedure
This was a qualitative study to explore users’ experience 
in depth, to elicit shortcomings of the ICRR and use this 
to improve its’ content and design. The study comprised 
virtual usability tests using a think- aloud method19 
followed by semistructured interview (see online supple-
mental appendix S1) for triangulation. Interviews were 
performed from May to September 2021. Results are 
reported in accordance with relevant reporting guide-
lines (Consolidated criteria for Reporting Qualitative 
research).20

Potential participants were recruited through ICCPR’s 
network (~60 council/friend member associations, and 
through ICCPR’s programme email distribution list) via 
email and social media. Interested parties in each WHO 
region and from diverse healthcare disciplines repre-
sented in CR (eg, physician, physiotherapist) were inter-
viewed first, and interviews continued thereafter through 
to theme saturation. Sampling was purposive such that 
additional study advertising was undertaken thereafter to 
solicit participants in unrepresented regions.

Interested parties were emailed an informed consent 
form which they were asked to review and sign before the 
interview, or they could discuss the contents at the outset 
of the interview and sign before it began (ie, written 

Figure 1 Screenshot of International Cardiac Rehabilitation Registry (ICRR) Patient Data Entry Interface. Note: dummy patient 
shown in demo registry. CR, cardiac rehabilitation.
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consent). Also, before the test/interview, participants 
were directed to ICRR’s website to read the information 
about joining the ICRR (https://globalcardiacrehab. 
com/ICRR_sites). They were also provided with copies 
of relevant registry materials (eg, data dictionary, infor-
mation on navigating ICRR’s ancillary features such as 
outcome dashboards and data export) as well as a login 
to the ICRR demonstration (‘demo’) site and told to 
familiarise themselves prior to the usability test. Partici-
pants were asked to share a copy of the patient informa-
tion letter and consent form with some patients to get 
some input to share after the usability test, as well as the 
variables/survey for patient report and the lay summary. 
They were also asked to be ready to enter the data of a 
patient who has completed their programme during the 
test, ensuring they not reveal the identity of the patient. 
Finally, a copy of the interview guide was provided where 
participants were interested.

Virtual usability tests were held via Zoom and video 
recorded. One of the ICRR cochairs (SLG, KIT- A) led 
each interview, which was also attended by an ICRR 
trainee (HJA) who notated non- verbal communication, 
among other contributions; roles shifted as necessary. 
Some participants knew the ICRR cochair, and so all 
participants were asked not to respond in a socially desir-
able manner in case this familiarity would impact their 
test, being reminded that the goal was to receive as much 
constructive feedback as possible to ensure the utmost 
utility of the ultimate registry.

All participants had their web cameras on and consented 
to that, and completed the test in a private and quiet envi-
ronment, using a computer. Interviewers also had their 
web cameras on to facilitate communication. As shown 
in the online supplemental appendix 1, participants were 
asked to log in to the ICRR demo site (https://demo. 
e-dendrite.com/icrr/; figure 1) and share their screen, 
as well as to have their data dictionary readily accessible. 
They were then instructed to enter preprogramme and 
postprogramme data on the graduated patient they had 
preidentified, while thinking and talking aloud (figure 1). 
During observation, interviewers noted the interviewee’s 
thoughts spoken out loud to enhance data collection. 
Notes included aspects of the context of the test, facial 
expressions and gestures that would not be recorded, and 
some ideas raised by the participants in the process.

This was followed by a semistructured interview (see 
online supplemental appendix S1). The interview guide 
and subsequent analyses were based on concepts of the 
Unified Theory of Acceptance and Use of Technology 
2 (UTAUT2),21–23 which builds from the Technology 
Acceptance Models (1–3).24 These models seek to char-
acterise the drivers of acceptance of new technology such 
as a registry, and assess the likelihood of its adoption and 
use in practice. UTAUT constructs are found to account 
for up to 70% of the variance in behavioural intentions 
to use, and about 50% in actual use of technologies.21 25

During the interview, the ICRR cochair shared the rele-
vant documents or aspects of the ICRR demo on screen, 

and if not applicable the interview guide itself. Finally, 
participants were asked to watch for an email from 
REDCap with the 10- item System Usability Scale (SUS) 
to complete.26

Participants
CR staff working at a CR programme meeting inclusion 
criterion for ICRR participation were sought.17 In brief, 
programmes had to be offering phase II (ie, post acute, 
outpatient), in a low- income or middle- income country 
(based on World Bank),27 or be in a high- income country 
but be considered ‘low- resource’ in relation to CR on the 
basis of limited financial and/or healthcare resources, 
lack of patient and healthcare provider awareness and/
or patient disadvantage.28 Exclusion criteria were: (1) 
inability to read and communicate in English and (2) 
residing in a country that already has a CR registry, or 
where one is in development.16 For instance, given plans 
by the European Association of Preventive Cardiology to 
develop a registry, no participants were sought from that 
region.

Previous research suggests 85% of usability problems 
can be discovered by four or five participants, while 100% 
of usability problems can be discovered by 15 users.19 29 30 
Therefore, we initially aimed for 15 interviews; however, 
they continued to saturation.

Measures
The instructions for the think- aloud segment of the 
usability test were standardised (see online supplemental 
appendix S1). The subsequent interview guide was devel-
oped by the senior author, and input was integrated from 
ICRR Executive (see online supplemental appendix 
S1). Based on previous knowledge31 32 and informed by 
theory,21 the interview questions aimed to invite variation 
on the following parameters: registry adoption (eg, effort 
expectancy for approvals, patient consent), perceived 
ease of use/operability, system characteristics such as vari-
ables and patient report, as well as perceived usefulness of 
ICRR output to support quality improvement and other 
programme needs. We strived to keep the interviews open 
to incite participants to tell us as freely as possible about 
important aspects of adopting and using the registry seen 
from their point of view.

Participants were then emailed the SUS,26 33–37 and 
asked to rate perceived usability of the ICRR. The SUS is 
used by the International Organization for Standardiza-
tion (ISO 9241- 11).26 35 36 It consists of 10 items, each rated 
on a 5- point Likert scale from 1 to 5 (‘strongly disagree’ 
to ‘strongly agree’). The scale incorporates positively 
and negatively framed items to account for biases that 
may result from respondent’s potential lack of attention 
while completing it.26 Total score was calculated using 
Brooke’s standard scoring method,26 using the standard 
Excel sheet and formulas through the online SUS Score 
calculator.38 Scores range from 0 to 100, with scores above 
68 considered acceptable.39 Scores are also converted to 
letter- grades (from A+ to F) based on percentile ranks.37 

https://globalcardiacrehab.com/ICRR_sites
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https://dx.doi.org/10.1136/bmjopen-2022-064255
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The SUS is a valid and reliable instrument to measure 
perceived usability. It has been shown to effectively distin-
guish between unusable and usable systems even with 
very small sample sizes of 8–12.40 It correlates highly with 
other questionnaire- based measurements of usability.34

Recording transcripts were cleaned to be verbatim and 
anonymised, and the trainee finalised notes for ICRR 
cochair SLG review and approval. Notated behavioural 
observations and participant comments from the think- 
aloud method, including facial or verbal expressions as 
participants navigated ICRR screens, were considered by 
them, and analysed using content analysis. The cochair 
generated a list of potential ICRR revisions (eg, to the 
platform itself, dashboards, supporting files or website 
content for example) at the end of each interview. These 
were discussed with ICRR Executive, and those agreed 
were implemented as soon as possible, such that subse-
quent interviewees received updated materials.

Interview analysis was concurrent with data collection, 
undertaken using NVIVO V.1.5.1.41 A deductive- thematic 
approach as outlined by Crabtree and Miller was used.42 43 
Following training and calibration with the senior author, 
each interview was coded independently by two inde-
pendent coders: the trainee who attended the interview 
(HJA) and another trainee from the senior author’s team 
with expertise in Global Health but who was not present 
on the interviews (ND). To ensure reliability, coding for 
each interview was then reconciled between them, and to 
ensure validity, in a meeting with the senior author, until 
consensus was reached. Each theme and subtheme was 
supported by meaningful quotations (verbatim, except 
some minor edits were made to increase clarity in the 
case where the respondent’s first language was other than 
English). To ensure credibility, themes with subthemes 
were then shared with all interviewees to inquire whether 
they resonated, and requesting any input (ie, member 
checking).44

Patient and public involvement
No patients or members of the public were involved in 
this study, but the main subjects were CR programmes. 
They were involved in the design and conduct of the 
study, as we sought to learn what CR programmes want 
to know and what will optimise registry usability for them, 
and hence on what we should focus in the usability testing 
and subsequent interviews. CR programmes were not 
involved in the write- up of results, but as outlined above 
results were shared with programmes to confirm them 
and solicit further input.

RESULTS
Sixteen CR staff expressed interest in participating. As 
shown in table 1, ultimately 12 interviews were conducted 
before saturation was achieved, with CR staff from a variety 
of disciplines in all regions of the world but Europe (67% 
female). The four whom were not interviewed were also 
from Latin America, which was already well represented 

in the sample. Participants worked in both privately and 
publicly funded programmes. One was from a rural area. 
The tests and interviews combined averaged 1 hour in 
duration.

Usability tests
Overall, participants were readily able to navigate the 
demo registry to enter the preprogramme and postpro-
gramme data. It was evident that most of the variables were 
assessed in their routine practice and definitions were 
consistent with their practice, such as tobacco use, blood 
pressure, body mass index, functional capacity, quality of 
life, work status and education level. Participants used 
different functional capacity tests at their programmes, 
but the data dictionary (the relevant excerpt of which is 
available in the registry screen in an information bubble; 
figure 1) provides information on how to convert the 
various measures to metabolic equivalents of task (METs); 
several participants successfully converted values during 
the usability test (ID5, ID6).

Based on participant observation and utterances, 
suggestions for changes to the ICRR were raised, of which 
some are shown in table 2. For instance with the registry 
itself, some software glitches were identified (eg, could 
not edit participant email for patient- reported outcomes; 
ID3), the definitions of some variables required clarifi-
cation (eg, years of education, ID12; referral diagnoses 
cardiac only and other diagnoses to be reported else-
where, ID1), the response options or ranges on some vari-
ables required modification (eg, maximum number of 
sessions, ID12; entering multiple referral interventions, 
ID12) and the addition of an optional variable pre and 

Table 1 Interviewee characteristics

ID# Sex Discipline Region

1 F Kinesiology (programme 
manager)

Americas

2 M Cardiology Americas

3 F Cardiology Americas

4 F Kinesiology Americas

5 F Physiotherapy (PhD) Americas

6 F Physiotherapy (PhD 
student)

South- East Asia

7 M Physiotherapy (PhD) Americas

8 F Nursing Eastern 
Mediterranean

9 M Physiatry Eastern 
Mediterranean

10 F Cardiology Western Pacific

11 F Physiatry Western Pacific

12 M Kinesiology (programme 
director)

African

F, female; ID#, identification number; M, male.
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Table 2 Main ICRR changes made, with supporting quotes

Registry interface changes Supporting quote(s)* Theme†
Theoretical 
construct

1 When enter wrong patient phone number 
on page 1, keep getting an error when 
trying to edit it if make entry mistake; 
prevents you from entering correct value or 
making it blank (rectified)

Registry navigation/
usability

Ease of use

2 Added site- specific name and/or logo 
to patient report emails/texts and lay 
summary

Could you brand with your own stuff? (ID1) Patient electronic report

3 Need to specify years of schooling starts 
from grade 1; added to data dictionary and 
‘i’ bubble in registry interface

Yeah, searching for how many years that patient 
does formal schooling, So I want to say at least 
five, at least. Well… (ID12)
No, no, this is from first ever grade. (Interviewer)

Measurement 
operationalisation

Learnability

4 Added a blank variable with free text to 
preprogramme and postprogramme report 
pages, so sites can add data they wish 
(eg, blood glucose)

Oh, what about those sugar levels? What is the 
reason why that wasn't looked at? The sugar 
level is one the values that gets collected very 
frequently in our center, and we believe that if 
that’s under control and the disease, a major 
part of the disease is under control. (ID11)

Variables missing/could 
be added

System 
characteristics

5 Increased maximum number of supervised 
sessions from 150 to 199 (had inserted 
minimums and maximus for all continuous 
variables to minimise data entry errors)

You will be surprised with this patient because 
he is a champ.
He’s now coming for a whole year five times a 
week; every single day he is coming (ID12)

Variables and their 
definitions

System 
characteristics

Other registry changes

1 Further navigational instructions regarding 
moving through registry pages, and exiting 
(including before all data entered for a 
patient) to data dictionary

The drop- down options on the top right through 
which you select the various pages, I didn't 
figure out in the beginning; I just tended to 
select the option “save and next” to get to the 
next page. So initially, when I tried the registry, 
I completed only five pages, but then I saw two 
remaining pages.” (ID 6)
“Initially, I got confused between the pre and 
the post (assessments), because I hadn't gone 
to all the pages. So initially, when I was filling 
in data, I was not sure which to put in. But then 
once I figured out the pages from the drop- 
down options, I realized which page I had to 
navigate to (ID 6)

Easy to navigate data 
entry screens
How to save and exit to 
come back later

Operability

2 Added to data dictionary to ask 
patients to get blood pressure with 
available automated device at follow- up 
assessments, if possible, if patient cannot 
come in and to mitigate attrition bias

So, we have both, face- to- face exercise and 
then we also just recently added the online for 
patients who couldn't come face- to- face; like 
they had like some conflicts at work. But since 
then, since COVID, we started also a home 
program … There are patients who have BP 
(blood pressure) monitors at home, so we get 
this information. (ID6)

Loss to follow- up

3 Concern about benchmarking against 
all programmes in registry dashboards. 
Made note in ancillary features file about 
how they are benchmarked against all 
programmes, but the ICRR could give 
them information about the average 
patient and programme characteristics 
of participating sites to which they are 
being compared, and that they should 
interpret the dashboards with knowledge 
of their local programme. The research 
subcommittee will do adjusted analyses, 
considering other factors (eg, region, 
whether programmes are academic, 
disease severity)

So, the only concern is that when it comes to 
all sites, it will be comprised of sites that are 
rural and urban. For example, if the majority 
of programs participating in the registry are 
from urban settings, probably. Gives us a 
different picture for quality. If I say maybe if 
the graph could be split between the two. 
Yeah, then your rural programs could always 
compare themselves with other rural programs. 
I understand then, whether they are performing 
adequately (ID6)

Other comparisons 
desired though (would 
require data analysis)

Result 
demonstrability
Job relevance

*If applicable.
†As per figure 2—if applicable.
ICRR, International Cardiac Rehabilitation Registry.
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post programme was suggested (eg, blood glucose, ID6). 
All of these suggestions were implemented.

Usability themes
Four major themes emerged from the interviews, as 
shown in figure 2. Exemplary quotes are shared for each 
below, with some text added in square brackets in some 
instances to provide context of interviewer question for 
clarity.

Theme 1: ease of approvals, adoption and implementation
This theme comprised five subthemes, with the first three 
regarding approvals, staff and time relating to theoretical 
constructs of facilitating conditions and effort expectancy. 
The subthemes of registry navigation and application to 
private as well as public centres relate to the theoretical 
constructs of perceived ease of use and operability.

ICRR on- boarding involves securing institutional 
signature on a site agreement as well as research ethics 
approvals. Most participants perceived they could secure 
these approvals, but noted the time required for the latter. 
Participants at privately funded programmes sometimes 
did not have a research ethics board associated with their 
institution, so they stated they would need to reach out to 
collaborators to secure approval elsewhere and there is 
a fee. Programmes had someone on staff with the neces-
sary institutional appointments to be eligible to apply for 
ethics approval.

I have two centres here. One mine, it’s a private cen-
tre, so I have no problem to install these kinds of reg-
istries in my program. And I have another workplace 

that’s a public institution, it’s a hospital. And there is 
of course, an ethical committee … And of course, I 
have to propose to that committee. (ID2)

I mean if the program director doesn't have an aca-
demic appointment, he wouldn't be able to apply for 
ethics. So, I'd have to get our medical director to do it 
I think because he’s an appointed professor oversee-
ing students. I mean you'd have to have someone with 
an academic affiliation. (ID1)

Participants also talked about which staff would enter 
data in the ICRR, and how they would carve out time to 
do so from their full clinical schedules. Most programmes 
were small with few team members. Some of the physi-
cian participants wanted to enter the data solely to ensure 
it was of the utmost completeness and quality. Ideas to 
ensure data entry feasibility included engaging trainees 
and administrative staff, as well as exploiting the patient 
report feature.

I must be honest here. This is probably my major 
problem, it’s time. (ID12)

Yes, we have a lot of work, but because it’s pretty im-
portant, all the data I collect it’s by me personally. 
The administrative staff will take care about all this 
administrative stuff. (ID3)

I was thinking about this [using a trainee to enter the 
data] when I read the questions and well, I think we 
can find a way to do that because we're really interest-
ed. I think it’s a good idea. It’s an excellent idea. We 
have to promote this. (ID2)

Figure 2 Emerged themes/subthemes.
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On a related note, participants discussed the need for 
time to adopt and make optimal use of the registry. They 
recognised the amount of time that would be needed for 
approvals as outlined above, but found the registry so easy 
to use they thought the on- boarding process would not be 
time- prohibitive. They did raise about the time to enter the 
data in addition to the usual data collection requirements 
at their institution (eg, MS Excel, electronic health records, 
paper charts); they commented that there would need to 
be a real champion dedicated to the registry to ensure the 
variables were entered. They did appreciate the lay discharge 
summary feature, which they perceived rendered the effort 
to enter the data worthwhile.

We should improve our health information system 
because we use paper. (ID9)

Yes. Here we have maybe a little problem because we 
have a lot of work and also, we have our own database 
…. And that of course is a lot of work. There’s just 
me and maybe one or two cardiologists that could be 
doing it. (ID2)

There are two cardiologists. There are two physical 
therapists; I have one specialist that maybe could also 
help me in this. (ID2)

Having something like this [lay summary]… the 
amount of time it would take me to input the data 
would save me the amount of time that it’s going to 
take me to write the report. (ID1)

Participants verbally reported the ease of using the soft-
ware, logging in, navigating and exiting the patient data 
entry area of the registry made it seem the ICRR would be 
quite seamless to adopt. No matter the region, all partici-
pants were able to access the patient lay summary, down-
load an outcome dashboard figure, as well as export their 
entered data.

It was easy actually to enter the data and to get in, to 
log in. And it’s actually short, you know, the time you 
spend. and so, it’s okay. (ID8)

Yes, I can [export the entered data and download the 
patient lay summary]. (ID5)

Finally, participants, including those that worked 
at private and publicly funded centres, perceived the 
registry would work well in both contexts, although moti-
vations for adoption may be different. Participants from 
privately funded programmes were particularly inter-
ested in the programme certification option leveraging 
data entered into the ICRR (https://globalcardiacrehab. 
com/Program-Certification).

So, it will be nice to participate in this program. 
I think it’s very important to be a member of this 
project, and we should start working from now to 
prepare our submission to the ethical committee. 
(ID9)

Theme 2: benefits for programs
This theme comprised two subthemes. The first around 
research utility relates to the theoretical construct of 
perceived usefulness. Similarly, the other subtheme was 
around the utility of the many ICRR feedback mecha-
nisms, also related to the theoretical constructs of output 
quality, performance expectancy, result demonstrability 
and job relevance.

Interviewees raised many benefits of participating in 
the registry, which would outweigh or at least balance the 
downside of time required to get approvals and enter data 
for each patient. Participants working at academic centres 
noted how readily the registry lends itself to research. 
They wanted to know how contributing programmes 
could be involved in research and how their participation 
would be recognised. They were pleased with the ready 
ability to download their own site data at any time for 
research or other purposes.

So, once we use this registry, this is kind of a database 
for research. (ID2)

I think for us low- and middle- income countries, it’s 
important to participate in this registry. To compare 
our program, and our results of this program with 
the other countries, and to improve our program and 
develop our rehabilitation. (ID9)

All the information we have already entered in the 
database I think will be used and analysed. It’s simple. 
It’s the most important things and it’s a great initia-
tive. (ID3)

Participants noted four in- built feedback mechanisms 
they perceived as major benefits of the registry. First, they 
could see how they could use the outcome dashboards 
to fulfil reporting requirements in their institution. 
Although the variables were not exactly consistent with 
what was required, it was perceived they would comple-
ment them nicely. Participants did express desire however 
for some other comparisons for the outcomes other than 
the two available; they requested to compare to only other 
programmes in their region rather than all programmes 
in the registry, and where applicable to compare to only 
programmes outside of urban and/or academic centres.

… It’s useful. I mean, the amount of time that you 
spent entering the data that’s how much information 
that it gives you back. … I think you're a really nice 
fit. (ID8)

I wouldn't want us to be lumped in with [city], I'd want to 
know how we do compared to some of their community 
programs, and I would really be interested in knowing 
how rural versus urban sites are doing. (ID1)

We were wondering about region, doing it by region 
(ID5)

Second, they appreciated the planned quality improve-
ment supports to be provided by ICRR’s user committee 
(see: https://globalcardiacrehab.com/resources/Docu-
ments/ICRR_QI%20plan_v1-2.pdf). They reported they 

https://globalcardiacrehab.com/Program-Certification
https://globalcardiacrehab.com/Program-Certification
https://globalcardiacrehab.com/resources/Documents/ICRR_QI%20plan_v1-2.pdf
https://globalcardiacrehab.com/resources/Documents/ICRR_QI%20plan_v1-2.pdf
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wanted to do more quality improvement but had limited 
time, and also would appreciate the tools and resources 
provided. Third, they did want to take advantage of the 
programme certification possibility for programmes that 
participate in the registry. While they perceived the cost as 
reasonable but suggested a sliding scale based on country 
income classification (which was implemented), they did 
ponder whether ICCPR would be known to patients and 
their institution.

If we're going to do quality improvement, like what 
are we going to do with it, and generating those tools 
for people that maybe don't have the same knowl-
edge. Here a lot of people that work in cardiac rehab 
are clinicians, so helping us and supporting us in that 
way would be useful. (ID1)

I don't think $500 over the course of three years is 
unrealistic. (ID1)

I don't think anybody would really care or know what 
it means to be certified by ICCPR.(ID1)

I think this is interesting that you can help us, and 
then I do agree you may want to charge. I think that 
would really help. (ID10)

The final in- built benefit participants raised was the lay 
discharge summary, as it quantifies for patients how they 
have improved and encourages further self- management 
post programme. Respondents did suggest having more 
figures or images rather than text.

This is actually good because it shows the improve-
ment for the patient and what s/he needs to contin-
ue or what s/he needs to improve. (ID8)

I would say yes, this would be amazing. It'd be cool to 
have a print- out with visuals. I'm meeting too many 
patients who don't really read all right, so the graphs 
could show them how they've done. (ID1)

Theme 3: variables and their definitions
This theme consisted of five subthemes, namely: number 
of variables, measurement operationalisation, diffi-
culty securing lipid bloodwork, the patient- centred and 
clinically relevant nature of the outcome variables, and 
variables that were missing or could be added. These 
subthemes speak to the theoretical constructs of learn-
ability, efficiency, system characteristics and satisfaction.

Interviewees were very pleased with the low number of 
program- reported variables and found the variable defini-
tions or operationalisation to be clear and uncomplicated.

… I like the registry because it was so quick. We don't 
want random information getting filled up. … I like 
it was really short and sweet with important details, 
very precise. Like what are the points, and you just 
look for that: … necessary information and no extra 
details. (ID6)

They were also satisfied with the clarity regarding 
units of measurement, for example, for the variables 

around servings of fruit and vegetables as well as years 
of schooling. For low- density lipoprotein (LDL), the two 
major units used internationally were available, so it was 
easy for all participants to enter this data after specifying 
units.

When discussing concordance between variables in 
ICRR’s data dictionary and their practice, participants 
reported the pre- programme and clinical variables were 
routinely collected. Many variables were operationalised 
exactly the same way in their practice (eg, METs, blood 
pressure, body mass index, programme completion). 
However, programmes reported they were not assessing 
or were assessing differently some of the patient- reported 
variables such as socioeconomic status, medication adher-
ence and social support.

I don't ask people directly about further medication. 
But, I have had people bring it up when I asked them 
what their concerns are. (ID1)

One variable was commonly not assessed, namely LDL 
(ID1, ID3, ID5, ID6, ID10).

We try to collect cholesterol, LDL, HDL [high- density 
lipoprotein], saliva, serum. Um, much of them we 
don't have because they come to us, we set up their 
program, and they go back to the cardiologists not 
us. (ID3)

Finally, we asked the interviewees about variables that 
they think are missing or need to be modified; sugges-
tions included adding maintenance programme partici-
pation and blood glucose (there were few).

Theme 4: patient
This final theme, with six subthemes, addressed the issues 
of securing informed consent from patients to participate 
in the registry, language, facilitating their provision of 
data and retention post programme and annually there-
after. These related to system characteristics and facili-
tating conditions.

Participants had, up on our direction, invited some 
patients to review the ICRR information sheet and 
consent form. The only question they reported patients 
raised was about where data were stored, and whether it 
was outside of the country. Overall, they reported patients 
surveyed found the documents clear, they were willing to 
participate, and also to provide their email address for 
sending surveys.

I think it is very understandable for the patient. (ID2)

I gave it to three people. The only question that came 
up was on the second page in the last paragraph, the 
second last line, it says ‘data may be subject to access 
by third parties as a result of security legislation now 
in place in many countries’. So the patient was asking 
is this data available outside of [country]. (ID1)

… I asked at least one patient. He said he was willing 
to participate. In that consent form, it was said there, 
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you have to provide your email address, and he was 
willing to provide it. (ID8)

There was a major issue of language, however. ICRR 
materials are only available in English at this time. 
Some sites will have to translate the consent informa-
tion so patients can provide informed consent. The sites 
would not be able to take advantage of patient report, 
which significantly reduces the number of variables that 
programmes need to enter for each patient, unless they 
also translated the surveys and gave them to participants 
on paper; they identified that this raises questions of the 
validity of the translations, particularly as they did not 
have funding for professional translation, and only three 
of ICRR’s items are validated and have available transla-
tions (eg, depressive symptoms). Participants stated they 
would interpret the items in their consultations with 
patients to enter the data themselves.

I think, unfortunately, English is not our first lan-
guage or not our mother tongue. So, we must in-
terview the patient, because maybe only 20% can 
understand the questions and answer fully. So, what 
we would try to do is to interview the patient, and 
we will do program- reported data. So, we will ask the 
medical officer to interview patients, and then he will 
enter the data into the system. It’s very hard for a pa-
tient to complete the questionnaire. (ID4)

We have more patients who are [language] speaking 
and others we have, [language] speaking. So, maybe 
like half, at least half of them only would know like 
perfect English. But I asked one, [language speak-
er] and one [language speaker] too. If they would 
understand, they understood, but they really would 
have wanted it to be in their, translated in their own 
language they said, especially if they didn't have a col-
lege degree or they hadn't gotten to university. (ID8)

Again, when they were planning to take advantage of 
the patient report surveys, they reported most patients 
do have personal devices to receive and respond to the 
surveys, but some older patients did not. Moreover, 
they wanted to know if the surveys could be sent via 
WhatsApp, as that was the most commonly used commu-
nication means used by and with their patients. However, 
many programmes already sent their intake packages to 
patients electronically, so they perceived it would be very 
easy to also send the registry consent form and assess-
ments (another subtheme).

Maybe some patients because they are very aged and I 
think it, maybe for them, it’s going to be very difficult 
to get a smartphone, to introduce the information 
there. We are going to find it really difficult. (ID2)

We do have intake packages that we send out. We 
have them fill that before they bring it in. We send 
our intake packages out by email. If you have a tem-
plate, rather than email it, I could slip it in their pack-
age. (ID1)

We have to use the smartphone to keep in contact 
with the patient, and we ask always if the patient pre-
fers to use WhatsApp, email or text message. I think 
that most patients use WhatsApp, but always you have 
a patient that doesn't have it. (ID5)

It’s 50/50 to be honest. I mean we have one group 
that’s educated -very well educated, and then we have 
another group of patients who are probably not well- 
educated, but the caregivers are okay; They help us 
out with all this information with the patient. This 
information gets collected, sometimes through the 
caregiver more than the patient. (ID12)

They also raised concerns about patient retention post 
programme, which could lead to attrition bias. They 
experience quite high loss to follow- up in their low- 
resource settings, as patients often have to pay out- of- 
pocket for services. Patients dropout for various clinical 
and non- clinical reasons. They identified some factors 
that may support their ability to get follow- up data. They 
reported they find it easier to contact patients given ubiq-
uity of personal smartphones. In many countries, it is now 
possible to port phone numbers to different carriers, so 
they can often still contact patients a year later. Moreover, 
many of their institutions now have electronic health 
records, where patient contact information is regularly 
updated.

I think that now is a little easier than before. Because 
when you want to change your cell phone company, 
you keep your own number. And another way is that 
we always try to ask for a family member number. Or 
may be you would have two contact numbers. (ID5)

Most of my patients go back to their cardiologist, so I 
lose them. (ID3)

They don't come for a follow- up visit. (ID1)

What happens is that it’s difficult to get them back. 
The patients are coming from various other districts 
and far off places, so they prefer-- to be honest-- lesser 
number of sessions. (ID6)

Some sites had maintenance programmes, so perceived 
they could quite easily collect annual follow- up data as 
well. Many participants talked about how they wanted to 
do annual assessments to properly evaluate their services, 
and participating in the registry would support this at last. 
Programmes have been calling patients already in their 
hybrid models now with the COVID- 19 pandemic; the 
patients are quite used to and receptive to calls.

Yeah, because our program, there’s the maintenance 
program built right into it. (ID1)

So, we can make of course a good registry of the 
follow- up at a year. I think we can do that. (ID2)

That was an issue initially because we wanted to have 
long- term data. So, we ended up with just a one year 
"yes or no” whether the patient is still alive, and more 
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or less the well- being at the end of a year. So, our 
registry is going to go on for at least a year (ID10)

Usability ratings and other ICRR changes considered based on 
findings
The mean SUS Score was 83.75 (SD 19.63), demonstrating 
‘excellent’ perceived usability of the ICRR, as shown in 
figure 3.39 This SUS Score corresponds to a percentile 
from 90% to 95%, and is considered a letter- grade A.34

With regard to non- entry usability issues identified, 
utterances also identified the need to make some changes 
to other ICRR elements, of which many are shown in 
table 2. For instance, the ICRR programme survey (eg, 
some programmes prescribe a variable number of sessions 
to each patient, ID2; clarity around delivery of alterna-
tive models, ID6). Moreover, there was lack of clarity on 
patient inclusion criteria, as participants had not read the 
full protocol on ICRR’s website (eg, exclusion of primary 
prevention patients, ID1); an on- boarding meeting 
agenda was created where it will be confirmed this has 
been reviewed and understood. Utterances also related to 
navigating through registry screens, knowing which ones 
pertained to preprogramme and postprogramme data, as 
well as how to exit a patient record (ID6). This detail was 
added to the data dictionary, and a training manual with 
annotated screenshots was developed for on- boarding 
programmes. Participants also inquired about adding 
their CR programme name and/or logo to the email or 
texts sent to consenting patients with the survey link as 
well as the lay summary (ID8), which has been imple-
mented by the software company Dendrite.

Participants were also unclear what to do when they did 
not have data for a particular variable (eg, lipids, ID6); 
instructions were added to the data dictionary preamble. 
For example, two programmes assessed two variables (ie, 
functional capacity and body mass index) pre- programme 
only, not at post. Nevertheless, participants spontaneously 
reported willingness to start collecting these variables to 
improve their programme.

The post- exercise peak METs, usually we do not assess 
it regularly. But now we are starting a post- program 
exercise stress test to evaluate the effectiveness of the 
program. (ID11)

They also raised about getting postprogramme data 
from patients who do not return, and stated how they try 
to get it through alternate means (eg, phone administra-
tion of Duke Activity Status Index for functional capacity, 
automated blood pressure monitor from pharmacy, 
ID6); some of these suggestions were added to the data 
dictionary for other programmes to consider, where valid 
data could be collected.

For many patients in our history, we can’t find LDL 
lipids, body mass index, blood pressure or METS in 
our documents, because we have paper. And often we 
don't have access to patients at the end of the pro-
gram. They go home, and we can’t keep contact with 
the patient. But we hope to improve the system by the 
end of the year. (ID9)

There are patients who have BP [blood pressure] 
monitors at home, so we get this information. (ID6)

Some issues identified could not be addressed, such 
as potentially sending out patient surveys via WhatsApp 
(ID3, ID5). Participants also stated they did not measure 
some of the variables (eg, social support) and suggested 
alternate variables; these were considered but ultimately 
we remained true to the final variable list as established 
through the modified Delphi process.

Finally, as outlined above in theme two on benefits, the 
discussion of research opportunities for participating sites, 
the ICRR steering committee has approved a modifica-
tion to their Data Access & Dissemination policy whereby 
contributing academic data stewards in good standing 
in terms of data quality and having a minimum amount 
of data entered would be recognised on all publications 
stemming from the registry as an ‘ICRR collaborator’ 
(https://globalcardiacrehab.com/ICRR-Governance). 
Moreover, a sliding scale for programme certification cost 
was proposed and approved by ICCPR.

Discussion
Development of the ICRR has incorporated evaluation 
at every stage. This latest usability test has served to, 
following some corresponding improvements, optimise 
many aspects of the registry to promote adoption going 
forward. In particular, effort expectancy, ease of use, oper-
ability, utility, output quality, performance expectancy, 

Figure 3 ICRR usability ratings. *Reverse- scored items. ICRR, International Cardiac Rehab Registry.

https://globalcardiacrehab.com/ICRR-Governance
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result demonstrability, job relevance, learnability, effi-
ciency and satisfaction were all established as positive. 
Quantitatively, perceived ICRR usability is considered 
‘excellent’. Thus, on implementation, ICRR has the 
potential to establish the impact of CR in low- resource 
‘real- world’ settings for the first time, as well as serve as a 
vehicle for quality improvement in these settings.

There are some challenges, however, that will be 
difficult to overcome. First, CR programmes are under- 
resourced, particularly in low- resource settings; therefore, 
carving out staff time to apply for necessary approvals, 
for initial training, ongoing data entry and ultimate use 
of the data for quality improvement activities will be 
problematic. Second, there are many languages spoken 
around the world, and it would be difficult for an inter-
national registry to have materials available in all needed 
languages. This limits assessment, use of the patient 
report surveys to reduce data entry burden by CR data 
stewards, as well as utility of the lay discharge summary. 
Finally, because patients more often pay out- of- pocket 
for CR in low- resource settings45 and have more barriers 
to participation including limited funds to pay for travel 
to sessions, attrition is high. Therefore, not all patients 
will be able to come for postprogramme assessments, 
resulting in retention bias.

Results of this study are concordant with the two other 
studies on the usability of CR registries, and many other 
studies on the usability of health registries or other health 
technologies more broadly.46–50 For instance, a qualitative 
study in Denmark and the UK established the perceived 
utility of CR registry feedback mechanisms.31 Another 
qualitative study in the same countries highlighted CR 
registry adoption and implementation issues around data 
entry processes, resources and management support, and 
quality improvement.32

The implications of this study in terms of revisions 
to optimise the utility of the ICRR have been outlined 
above. These changes have received ethics approval, 
and the ICRR was launched in October 2021. We are 
now embarking on field or pilot testing. This will allow 
us to test also the real- world on- boarding standard oper-
ating procedure developed, which may demonstrate 
ICRR has even greater learnability. It will also enable a 
real- world test of ICRR use in context, including a test 
of the patient consent rate to contribute data and reten-
tion for follow- up assessments. Indeed, herein the annual 
follow- up assessment was only discussed in interviews, not 
truly tested in practice. This will also test data quality, and 
ICRR data quality assurance processes. Finally, we will also 
determine whether CR programmes are eager to undergo 
the effort to translate some of the materials, and to take 
part in the Certification programme.

Limitations
Caution is warranted in interpreting these results. Repre-
sentative generalisability is not established through quali-
tative research, so while purposive sampling was used and 
saturation was achieved, applicability to all low- resource 

settings to which the registry is targeted cannot be known. 
In particular, results may not be relevant in CR settings 
where English is not used, and given the small number 
of countries represented, to all low- resource settings. 
Moreover, related to the use of purposive sampling, 
this may have introduced bias. Efforts were made prior 
to and during the tests to minimise socially desirable 
responding. Efforts were also made to ensure interviewer 
neutrality, and coding was led by non- ICRR chairs. Finally, 
the nature of the design precludes causal conclusions.

CONCLUSION
This study has for the first time presented a usability test of 
a CR registry prior to launch. Several changes were made 
to the registry interface as well as supporting materials 
and policies to enhance usability, which was ultimately 
rated as excellent. The ICRR was established as easy to 
use, relevant, efficient, with easy learnability, operability, 
perceived usefulness, positive perceptions of output 
quality and high end- user satisfaction, in low- resource 
settings. It is hoped with the warranted launch subsequent 
to this test, and on favourable pilot- testing, the ICRR can 
serve as a mechanism for programmes in these settings 
where CR is needed most to test and improve their quality 
of CR delivery, ultimately improving patient outcomes.

Acknowledgements We are grateful to Mohiul Chowdhury for assistance in 
setting up this study.

Contributors SLG conceived of the project and the main conceptual ideas, 
developed the methodology, managed the research activity planning and execution, 
conducted formal analysis and synthesis, supervised two trainees in conducting 
the study, validated the results of the research and the analysis output, as well as 
cowrote the original draft, and responsible for the overall content as the guarantor. 
KIT- A acquired financial support, supervised a trainee in conducting the study, 
as well as reviewed and edited the manuscript. HJA conducted the investigation, 
cleaned the interview transcripts, maintained research data, conducted formal 
analysis and synthesis, including verifying transcripts and reconciling analysis with 
the second coder, cowrote the drafted manuscript and created data visualisation 
display items (figures and tables). ND conducted formal analysis and reviewed the 
manuscript.

Funding SLG is supported in her work by the Toronto General & Toronto Western 
Hospital Foundation and the Peter Munk Cardiac Centre, University Health Network. 
This work was supported by Qatar University International Research Collaboration 
Co- Fund grant number IRCC- 2020- 005.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by 
York University’s Office of Research Ethics approved the study (e2020- 147; Toronto, 
Canada). All participants gave informed consent before taking part. Participants 
gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 



12 Abukhadijah HJ, et al. BMJ Open 2022;12:e064255. doi:10.1136/bmjopen-2022-064255

Open access 

terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Sherry L Grace http://orcid.org/0000-0001-7063-3610

REFERENCES
 1 Roth GA, Mensah GA, Johnson CO, et al. Global burden of 

cardiovascular diseases and risk factors, 1990- 2019: update from 
the GBD 2019 study. J Am Coll Cardiol 2020;76:2982–3021.

 2 GBD 2017 DALYs and HALE Collaborators. Global, regional, and 
national disability- adjusted life- years (DALYs) for 359 diseases and 
injuries and healthy life expectancy (HALE) for 195 countries and 
territories, 1990- 2017: a systematic analysis for the global burden of 
disease study 2017. Lancet 2018;392:1859–922.

 3 Jernberg T, Hasvold P, Henriksson M, et al. Cardiovascular risk 
in post- myocardial infarction patients: nationwide real world data 
demonstrate the importance of a long- term perspective. Eur Heart J 
2015;36:1163–70.

 4 Bellmann B, Lin T, Greissinger K, et al. The beneficial effects of 
cardiac rehabilitation. Cardiol Ther 2020;9:35–44.

 5 Wenger NK. Current status of cardiac rehabilitation. J Am Coll 
Cardiol 2008;51:1619–31.

 6 Grace SL, Turk- Adawi KI, Contractor A, et al. Cardiac rehabilitation 
delivery model for low- resource settings. Heart 2016;102:1449–55.

 7 Dibben G, Faulkner J, Oldridge N, et al. Exercise- based cardiac 
rehabilitation for coronary heart disease. Cochrane Database Syst 
Rev 2021;11:CD001800.

 8 Anderson L, Oldridge N, Thompson DR, et al. Exercise- based cardiac 
rehabilitation for coronary heart disease: cochrane systematic review 
and meta- analysis. J Am Coll Cardiol 2016;67:1–12.

 9 Francis T, Kabboul N, Rac V, et al. The effect of cardiac rehabilitation 
on health- related quality of life in patients with coronary artery 
disease: a meta- analysis. Can J Cardiol 2019;35:352–64.

 10 Mamataz T, Uddin J, Ibn Alam S, et al. Effects of cardiac 
rehabilitation in low- and middle- income countries: a systematic 
review and meta- analysis of randomised controlled trials. Prog 
Cardiovasc Dis 2022;70:119–74.

 11 Pesah E, Turk- Adawi K, Supervia M, et al. Cardiac rehabilitation 
delivery in low/middle- income countries. Heart 2019;105:1806–12.

 12 Turk- Adawi K, Supervia M, Lopez- Jimenez F, et al. Cardiac 
rehabilitation availability and density around the globe. 
EClinicalMedicine 2019;13:31–45.

 13 Australian Commission on Safety and Quality in Health Care. 
Framework for Australian clinical quality registries, Sydney ACSQHC; 
2014. https://www.safetyandquality.gov.au/sites/default/files/ 
migrated/Framework-for-Australian-Clinical-Quality-Registries.pdf 
[Accessed 09 Dec 2021].

 14 Bhatt DL, Drozda JP, Shahian DM, et al. ACC/AHA/STS statement on 
the future of registries and the performance measurement enterprise: 
a report of the American College of Cardiology/American heart 
association Task force on performance measures and the Society of 
thoracic surgeons. J Am Coll Cardiol 2015;66:2230–45.

 15 Nelson EC, Dixon- Woods M, Batalden PB, et al. Patient 
focused registries can improve health, care, and science. BMJ 
2016;354:i3319.

 16 Poffley A, Thomas E, Grace SL, et al. A systematic review of cardiac 
rehabilitation registries. Eur J Prev Cardiol 2017;24:1596–609.

 17 Chowdhury MI, Turk- Adawi K, Babu AS, et al. Development of 
the International cardiac rehabilitation registry including variable 
selection and definition process. Glob Heart 2022;17:1.

 18 Yen P- Y, Bakken S. Review of health information technology usability 
study methodologies. J Am Med Inform Assoc 2012;19:413–22.

 19 Nielsen J. Usability engineering: Morgan Kaufmann publishers Inc.; 
1994.

 20 Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting 
qualitative research (COREQ): a 32- item checklist for interviews and 
focus groups. Int J Qual Health Care 2007;19:349–57.

 21 Venkatesh V, Thong J, Xu X, et al. Unified theory of acceptance and 
use of technology: a synthesis and the road ahead. J Assoc Inf Syst 
2016;17:328–76.

 22 VenkateshV, MorrisMG, DavisGB, et al. User acceptance of 
information technology: toward a unified view. MIS Quarterly 
2003;27:425–78.

 23 VenkateshV, ThongJYL, XuX. Consumer acceptance and use of 
information technology: extending the unified theory of acceptance 
and use of technology. MIS Quarterly 2012;36:157.

 24 Venkatesh V, Bala H. Technology acceptance model 3 and a research 
agenda on interventions. Decision Sciences 2008;39:273–315.

 25 Venkatesh V, Morris MG, Davis GB. User Acceptance of Information 
Technology: Toward a Unified View. Institutions & Transition 
Economics. Microeconomic Issues eJournal 2003.

 26 Brooke J. System Usability Scale (SUS)- A quick and dirty usability 
scale CRC Press; 1996.

 27 The World Bank. World bank country and lending groups, 2022. 
Available: https://datahelpdesk.worldbank.org/knowledgebase/ 
articles/906519-world-bank-country-and-lending-groups

 28 van Zyl C, Badenhorst M, Hanekom S, et al. Unravelling 'low- 
resource settings': a systematic scoping review with qualitative 
content analysis. BMJ Glob Health 2021;6:e005190.

 29 Virzi RA. Refining the test phase of usability evaluation: how many 
subjects is enough? Hum Factors 1992;34:457–68.

 30 Marcus A. Design, User Experience, and Usability: User Experience 
Design for Everyday Life Applications and Services. In: Third 
International Conference, DUXU 2014, Heraklion, Crete, Greece, 
June 22- 27, 2014, proceedings, part III. Springer, 2014.

 31 Helmark C, Egholm CL, Kousgaard MB, et al. Nurses’ perceptions 
of feedback from cardiac rehabilitation registries: a qualitative study 
across the UK and Denmark. Br J Card Nurs 2019;14:1–13.

 32 Egholm CL, Helmark C, Doherty P, et al. "Struggling with practices" 
- a qualitative study of factors influencing the implementation of 
clinical quality registries for cardiac rehabilitation in England and 
Denmark. BMC Health Serv Res 2019;19:102.

 33 Brooke J. SUSus: a retrospective. J Usability Stud 2013;8:29–40 
https://uxpajournal.org/sus-a-retrospective/

 34 Jeff Sauro P. Measuring usability with the system usability scale (SUS), 
2011. Available: https://measuringu.com/sus/ [Accessed 12 Oct 2021].

 35 Rubin J, Chisnell D. Handbook of usability testing: how to plan 
design and conduct effective tests. John Wiley & Sons, 2008.

 36 Peres SC, Pham T, Phillips R. Validation of the system usability scale 
(SUS). Proc Hum Factors Ergon Soc Annu Meet 2013;57:192–6.

 37 Trend U. Measuring and interpreting system usability scale (SUS), 
2021. Available: https://uiuxtrend.com/measuring-system-usability- 
scale-sus/ [Accessed 12 Jan, 2022].

 38 Will T. User experience research articles: SUS calculator, 2021. Available: 
https://uiuxtrend.com/sus-calculator/ [Accessed 12 Jan 2022].

 39 Sauro J. 5 Ways to Interpret a SUS Score, 2018. Available: https:// 
measuringu.com/interpret-sus-score/ [Accessed 19 Jan 2022].

 40 Tullis TS, Stetson JN. A Comparison of Questionnaires for Assessing 
Website Usability. In: Proceedings of uPA 2004 conference.

 41 Quality Systems Regulation International (QSR). NVIVO, 2021. 
Available: https://www.qsrinternational.com/nvivo-qualitative-data- 
analysis-software/about/nvivo [Accessed 09 Oct 2021].

 42 Crabtree BF, Miller WL. Doing qualitative research. 2nd ed. Thousand 
Oaks, Calif: Sage Publications, 1999.

 43 Nowell LS, Norris JM, White DE, et al. Thematic analysis. Int J Qual 
Methods 2017;16:160940691773384.

 44 Hashimov E. Qualitative data analysis: a methods Sourcebook and 
the coding manual for qualitative researchers. Tech Commun Q 
2015;24:109–12.

 45 Moghei M, Pesah E, Turk- Adawi K, et al. Funding sources and 
costs to deliver cardiac rehabilitation around the globe: drivers and 
barriers. Int J Cardiol 2019;276:278–86.

 46 Freene N, van Berlo S, McManus M, et al. A behavioral change 
smartphone APP and program (ToDo- CR) to decrease sedentary 
behavior in cardiac rehabilitation participants: prospective feasibility 
cohort study. JMIR Form Res 2020;4:e17359.

 47 Nadri H, Rahimi B, Lotfnezhad Afshar H, et al. Factors affecting 
acceptance of hospital information systems based on extended 
technology acceptance model: a case study in three paraclinical 
departments. Appl Clin Inform 2018;9:238–47.

 48 Zakaria N, Wahabi H, Qahtani MA. Development and usability testing 
of Riyadh mother and baby multi- center cohort study registry. 
 J Infect Public Health 2020;13:1473–80.

 49 Chu CH, Biss RK, Cooper L, et al. Exergaming platform for 
older adults residing in long- term care homes: User- Centered 
design, development, and usability study. JMIR Serious Games 
2021;9:e22370.

 50 Drehlich M, Naraine M, Rowe K, et al. Using the technology 
acceptance model to explore adolescents' perspectives on 
combining technologies for physical activity promotion within an 
intervention: usability study. J Med Internet Res 2020;22:e15552.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7063-3610
http://dx.doi.org/10.1016/j.jacc.2020.11.010
http://dx.doi.org/10.1016/S0140-6736(18)32335-3
http://dx.doi.org/10.1093/eurheartj/ehu505
http://dx.doi.org/10.1007/s40119-020-00164-9
http://dx.doi.org/10.1016/j.jacc.2008.01.030
http://dx.doi.org/10.1016/j.jacc.2008.01.030
http://dx.doi.org/10.1136/heartjnl-2015-309209
http://dx.doi.org/10.1002/14651858.CD001800.pub4
http://dx.doi.org/10.1002/14651858.CD001800.pub4
http://dx.doi.org/10.1016/j.jacc.2015.10.044
http://dx.doi.org/10.1016/j.cjca.2018.11.013
http://dx.doi.org/10.1016/j.pcad.2021.07.004
http://dx.doi.org/10.1016/j.pcad.2021.07.004
http://dx.doi.org/10.1136/heartjnl-2018-314486
http://dx.doi.org/10.1016/j.eclinm.2019.06.007
https://www.safetyandquality.gov.au/sites/default/files/migrated/Framework-for-Australian-Clinical-Quality-Registries.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/Framework-for-Australian-Clinical-Quality-Registries.pdf
http://dx.doi.org/10.1016/j.jacc.2015.07.010
http://dx.doi.org/10.1136/bmj.i3319
http://dx.doi.org/10.1177/2047487317724576
http://dx.doi.org/10.5334/gh.1091
http://dx.doi.org/10.1136/amiajnl-2010-000020
http://dx.doi.org/10.1093/intqhc/mzm042
http://dx.doi.org/10.17705/1jais.00428
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.2307/41410412
http://dx.doi.org/10.1111/j.1540-5915.2008.00192.x
http://dx.doi.org/10.2307/30036540
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
http://dx.doi.org/10.1136/bmjgh-2021-005190
http://dx.doi.org/10.1177/001872089203400407
http://dx.doi.org/10.12968/bjca.2018.0029
http://dx.doi.org/10.1186/s12913-019-3940-5
https://uxpajournal.org/sus-a-retrospective/
https://measuringu.com/sus/
http://dx.doi.org/10.1177/1541931213571043
https://uiuxtrend.com/measuring-system-usability-scale-sus/
https://uiuxtrend.com/measuring-system-usability-scale-sus/
https://uiuxtrend.com/sus-calculator/
https://measuringu.com/interpret-sus-score/
https://measuringu.com/interpret-sus-score/
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/about/nvivo
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/about/nvivo
http://dx.doi.org/10.1177/1609406917733847
http://dx.doi.org/10.1177/1609406917733847
http://dx.doi.org/10.1080/10572252.2015.975966
http://dx.doi.org/10.1016/j.ijcard.2018.10.089
http://dx.doi.org/10.2196/17359
http://dx.doi.org/10.1055/s-0038-1641595
http://dx.doi.org/10.1016/j.jiph.2020.02.035
http://dx.doi.org/10.2196/22370
http://dx.doi.org/10.2196/15552

	Qualitative study measuring the usability of the International Cardiac Rehabilitation Registry
	Abstract
	Introduction﻿﻿
	Methods
	Design and procedure
	Participants
	Measures
	Patient and public involvement

	Results
	Usability tests
	Usability themes
	Theme 1: ease of approvals, adoption and implementation
	Theme 2: benefits for programs
	Theme 3: variables and their definitions
	Theme 4: patient
	Usability ratings and other ICRR changes considered based on findings
	Discussion
	Limitations

	Conclusion
	References


