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Abstract

Background: Shared decision-making is an essential principle for the prevention of cardiovascular disease (CVD), where
asymptomatic people consider lifelong medication and lifestyle changes.

Objective: This study aims to develop and evaluate the first literacy-sensitive CVD prevention decision aid (DA) devel oped
for people with low health literacy, and investigate the impact of literacy-sensitive design and heart age.

Methods: We developed a standard DA based on international standards. The standard DA was based on our existing general
practitioner DA. Theliteracy-sensitive DA included simple language, supporting images, white space, and alifestyle action plan.
The control DA used Heart Foundation materials. A randomized trial included 859 people aged 45-74 years using a 3 (DA:
standard, literacy-sensitive, control) x2 (heart age: heart age + percentage risk, percentage risk only) factorial design, with
outcomes including prevention intentions and behaviors, gist and verbatim knowledge of risk, credibility, emotional response,
and decisional conflict. Weiteratively improved the literacy-sensitive version based on end-user testing interviewswith 20 people
with varying health literacy levels.

Results: Immediately after the intervention (n=859), there were no differencesin any outcome among the DA groups. The heart
age group was less likely to have a positive emotional response, perceived the message as less credible, and had higher gist and
verbatim knowledge of heart age risk but not percentage risk. After 4 weeks (n=596), the DA group had better gist knowledge
of percentage risk than the control group. The literacy-sensitive DA group had higher fruit consumption, and the standard DA
group had better verbatim knowledge of percentage risk. Verbatim knowledge was higher for heart age than for percentage risk
among those who received both.

Conclusions: The literacy-sensitive DA resulted in increased knowledge of CVD risk and increased fruit consumption in
participants with varying health literacy levelsand CVD risk results. Adding heart age did not increase lifestyle change intentions
or behavior but did affect psychological outcomes, consistent with previous findings. Thistool will be integrated with additional
resources to improve other lifestyle outcomes.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12620000806965; https:.//tinyurl.com/226yhk8a

(JMIR Cardio 2022;6(1):€34142) doi: 10.2196/34142
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Introduction

Background

Prevention of cardiovascular disease (CVD) includes lifestyle
interventions and medication for those at highest risk who are
most likely to benefit. An absolute risk approach is supported
by clinical evidence and endorsed by many national guidelines
worldwide [1-5]. The absolute risk of a heart attack or stroke
in the next 5-10 years can be assessed using widely available
calculators[1]; however, thesetools are substantially underused
in practice [6-11]. Providing medication to high-risk and not
low-risk patients is a cost-effective approach [6]. However, up
to 75% of high-risk patients do not receive recommended
medication to prevent death and disability from CVD, whereas
25% of low-risk patientstake medication they arevery unlikely
to benefit from [7]. Recent guideline changes have led to calls
for ashared decision-making approach to ensure that medication
prescription for blood pressure and cholesterol is morein line
with patient values [12-14].

Health literacy also playsarolein CVD prevention. Low health
literacy is common in many countries, with estimates ranging
from 36% to 60% of the population in Australia, Europe, and
the United States [15-17]. This is associated with poorer
self-management, less access to the health system, increased
incidence of chronic diseases, including CVD, and increased
mortality [18]. Therefore, it isimportant to engage this group
in communication strategiesfor CV D prevention. Thisrequires
changes to the design of web-based patient resources, as many
Australians seek health information on the web [19,20], but
fewer than 1% of health information websites meet the
recommended readability levels. Grade 8 is recommended to
meet the needs of people with varying health literacy [21,22].

Some countries have used web-based CVD risk assessment
tools for absolute risk and heart age to engage consumers in
CVD prevention, with millions of users worldwide [23-26].
However, our systematic review of 73 web-based CVD risk
assessment tools available to consumers found that they were
not suitable for people with lower health literacy: their
readability level wastoo high; they frequently used unexplained
medical terms; few used best practice risk communication
formats such asfrequenciesinicon arrays; and they rated poorly
on actionability (ie, clarity in instructions of what actions or
steps to take), which makes it difficult for the average person
to know what to do about the risk assessment result [27]. Our
review of 25 web-based decision aids (DAS) for CVD prevention
found similar issues with understandability and actionability
[28], and few included lifestyle changes as an option to reduce
risk, with many focusing on medication only.

There are severa evidence-based strategiesto addresstheissue
of communicating CV D risk to peoplewith lower hedlth literacy,
such as:

1 Useliteracy-sensitive design to improve the readability of
health information and reduce the cognitive load of action
plans for behavior change [29-31].

2. Use best practice risk communication formats to explain
abstract probabilities (eg, 16%) using icon arraysand more
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concrete frequencies (eg, 16 out of 100 people like you)
[32-35].

3. Use patient DAs to improve understanding and
decision-making, including both lifestyle change and
medication, as clear actionsthat patients can take to reduce
their CVD risk [29,36,37].

Objectives

Thisstudy aimsto devel op and test anew consumer engagement
tool for CVD prevention based on the af orementioned strategies
to addressthe needs of Australianswith different levels of health
literacy. It builds on our previous development of a general
practitioner (GP)-focused risk calculator and DA [38] and
evaluation of the national heart age calculator [26].

Methods

Ethics Approval

This study received ethics approval from the Human Research
Ethics Committee of the University of Sydney (project number
2019/774).

Stage 1: Develop Consumer Engagement Tool

In stage one, we developed a literacy-sensitive version of our
existing GP DA [39], which calculates 5-year risk of a CVD
event based on current guidelines [1] and shows the effects of
9lifestyle, medication, and supplement interventions[38]. This
was based on previous reviews and evaluations of 73 CVD risk
calculatorsand 25 CV D prevention DAs, which identified tools
for many different CVD models, but none that matched
Australian guidelines and best practice communication
principles[27,28]. We added heart ageto the Australian absolute
CVD risk calculation based on published methods from New
Zedland, both of which use the 5-year Framingham equation
[40Q]. The literacy-sensitive design included simple language,
supporting images, and white space to improve readability and
understandability [30]. The text within this DA was evaluated
using the Sydney Hedth Literacy Editor, a tool that
automatically applies readability and actionability criteria to
the text [41]. On the basis of this feedback, the final tool met
the recommended grade 8 level. The literacy-sensitive version
alsoincluded anovel action plan format devel oped by our team,
which has been shown to reduce unhealthy lifestyle behaviors
among people with low health literacy [31]. We added options
for physical activity and smoking to the existing toolsto reduce
unhealthy snacking, drawing on previous literature on effective
if-then plans in these areas. If-then plans help people identify
an important environment context or trigger in which they find
that they often carry out an unwanted behavior and to identify
a new behavior that can be substituted for the unwanted
behavior. These 2 components are formulated into an if-then
statement or plan; for example, If | find myself eating unhealthy
snackswhen drinking a cup of tea, then | will eat a piece of fruit
instead. In this study, we used an if-then format called a
volitional help sheet, which promptsthe person with predefined
if and then statements [42-44].
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Stage 2: Randomized Trial to Identify Best Formats

for Low VersusHigh Health Literacy Design

Overview

The randomized tril was based on a 3x2 factoridl,
between-subject design to test the effect of literacy-sensitive
design (literacy-sensitive DA, standard DA, or control: Heart

Table 1. The 2x3 study design.

Bonner et a

Foundation patient information) and risk format (explaining

CVD risk only [as a percentage risk], or CVD risk
percentagetheart age) on psychologica and behavioral
outcomes. See Table 1 and Figure 1 for study design and Figure

2 and Multimedia Appendix 1 for exampleintervention content.
The trial was preregistered at the Australian New Zealand
Clinical Trias Registry (ACTRN12620000806965).

Group

Risk results

Decision aid (DA)

Action plan

Control HF?informa-
tion—risk percent-
age (+heart age)

Standard DA—risk
percentage (+heart
age)

Literacy-sensitive
DA—risk percent-
age (+heart age)

Absolute percentage risk shown in the
design of HF risk calculator results
[45]. For participants in the heart age
group, heart age also shown in the de-
sign of HF heart age calculator.

Absolute percentage risk shown
alongside an icon array, with the num-
ber of iconsin red (out of 100 gray
icons), demonstrating the risk percent-
age. For participantsin the heart age
group, heart age also shown in the de-
sign of HF heart age calculator.

Absolute percentage risk shown
alongside an icon array, with the num-
ber of iconsin red (out of 100 gray
icons), demonstrating the risk percent-
age. For participantsin the heart age
group, heart age a so shown with more
explanation than control and standard
DA conditions.

In the design of the National Vascular Dis-
ease Prevention Alliancerisk calculator [45],
participants can change any risk factors and
are then presented with their risk percentage
compared with their updated risk based on
the changes they made to therisk factors.
They are then advised to book in for a heart
health check with their doctor.

Participants were asked to choose an option
to reduce their risk, out of nine potential op-
tionsin three categories (medication, lifestyle
changes, and supplements). Once they chose
an option, they were shown anicon array with
the new risk in red and the difference between
their current and new risk in green. They were
then shown information from our current

CVDP risk website about the option they
chose as well as atable of the benefits and
harms of that choice [39].

The same as for the standard DA ; however,
theinformation and benefits and harmswere
edited to be appropriatefor al levelsof health
literacy; for example, by introducing white
space, images, and reducing the readability
level.

Participants receive feedback on their
blood pressure, cholesterol, and BMI.
Then they are prompted to select a
topic to see more information about
(diet, exercise or smoking). Thisinfor-
mation is taken from the HF website
[46-48].

Participants had to choose alifestyle
behavior change to make (smoking,
exercise, or diet) and then createagoal.
They werethen guided through creating

aSMARTCgoal design plan, taken from
our current CVD risk website [39].

Participants were prompted to change
their smoking, exercise, or snacking
habits. They were then guided through
creating an action plan based onimple-
mentation intentions or if-then plans.
The snacking action plan was previous-
ly developed by our team [31], and the
exerciseand smoking planswerein the
same design using research in those
areas [42,43].

3HF: Heart Foundation.

PCvVD: cardiovascular disease.
CSMART: Specific, Measurable, Achievable, Redlistic, and Timely.
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Figurel. Study design. NVS: Newest Vital Signs.

Assessed for eligibility: age, gender, and pre-existing health conditions

Prerandomization questions
+ Demographics: language, Aboriginal, education, employment, height, and weight
* NVS health literacy measurement
* Questions to assess risk: blood pressure, cholesterol levels, and smoking
+ Lifestyle: physical activity and diet

Randomized
Risk results: Risk results: Risk results: Risk results: Risk results: Risk results:
Control risk % Control risk % Standard risk % Standard risk % Literacy-sensitive Literacy-sensitive
+heart age only +heart age only risk % risk % only
+heart age
Decision aid: Decision aid: Decision aid: Decision aid: Decision aid: Decision aid:
Control risk % Control risk % Standard risk % Standard risk % Literacy-sensitive Literacy-sensitive
+heart age only +heart age only risk % risk % only
+heart age
Paostintervention Postintervention Paostintervention Poslintervention Postintervention Postintervention
outcome outcome outcome outcome outcome outcome
questions (see questions (see questions (see questions (see questions (see questions (see
Table 2) Table 2) Table 2) Table 2) Table 2) Table 2)
Action plan: Action plan: Action plan: Action plan: Action plan: Action plan:
Control risk % Control risk % Standard risk % Standard risk % Literacy-sensitive Literacy-sensitive
+heart age only +heart age only risk % risk % only
+heart age

4-week follow-up outcome questions (see Table 2)
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Figure 2. Examplerisk calculator, decision aid, and action plan (literacy-sensitive heart age version).

Risk Calculator:

Your risk of having a heart attack or stroke in the next 5

years is...
100

IIIIIEEE]]

Out of 100 people like you, 10 will have a heart attack or stroke in
the next 5 years if they don't take action

Your heart age is...

This is ABOVE your actual age. This means your risk may be
higher of having a heart attack or stroke than someone of your

MIIIEELs

f you take Cholesterol Lowering Medication, your risk of having a
heart attack or stroke in the next 5 years could decrease from
10% to 8%. Your risk is now low, not medium.

actual age
Decision Aid: o @9 .
Taking Cholesterol Lowering Medication /_ Should | take ing medication? \
W

Australian guidelines recommend that you only take cholesterol-lowering
medication if:

* You're at a high risk of a heart attack or stroke

= You're at a medium risk of a heart attack or stroke, but you've tried
\ changing your lifestyle and it has made no difterence after 3-6 months.

‘ N[
[ t can raduce your ik o [

having a heart attack or nrulse]
@ Youll have to pay for the
=2 medication

J
N

You may experience side
eflects, such as muscie
aches, nausea, or
constipation

Positives Negatives

. Youmay need o have your
%’ﬁ: liver monitored for a couple
() of months when you first

start a statin.

N

Action Plan:
STEP 1: SNACKING MOMENTS

nack because we are hungry, but there are lots

ist of 'snack moments.

unhealthy snacks

ese are times when people

aat too much

snock moments from the list that hoppened to you the

mast often in the o ak.

| often eat unhealthy snacks when..

Please write this plan down or print it out and put it somewhere

STEP 5: HERE IS YOUR PLAN!

that you'l look at it a lot, like on your fridge.

(]

If | want to Then |

will listen

because | -

am busy
or
d

Plecse print or write this down! Click here to print

O

Recruitment

A national sample was recruited through Qualtrics (Qualtrics
Inc), a web-based socia research agency, with stratified
sampling based on gender and age groups (5-year age groups
from 45 to 74 years). Participants completed a CVD risk
assessment based on the Australian guidelinesand New Zealand
approach to calculate heart age [1,40]. If blood pressure or
cholesterol were not known, the average by age and gender

https://cardio.jmir.org/2022/1/e34142
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based on non-diabetic participants in the AusDiab cohort was
used (accessed viaauthor JD), and all participantswere advised
to see a GP for a more accurate risk assessment. Participants
with established CVD or those taking CVD prevention
medications were excluded. Duplicate IP addresses were
replaced, and stratified sampling was relaxed with additional
quality checks added if hard-to-reach groups did not reach the
guota after 2 weeks.
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Measures

Established measures were used for the primary outcome of
behavioral intentions (validated theory of planned behavior
scale applied to smoking, diet, exercise, and GP visit) [49-51].
Secondary outcomes included self-reported behavior after 4
weeks compared with national guidelines for diet and physical

https://cardio.jmir.org/2022/1/e34142
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activity [50,51], gist and verbatim knowledge (absolute risk
percentage and heart age), emotional response using avalidated
scale (3 positive emotions, eg, hopeful, and 3 negative emotions,
eg, anxious) [52], credibility of the information (that the
information is personally relevant) [53], and decision conflict
scale (uncertainty in decision-making) [54]. Details are
presented in Table 2.
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Table 2. Psychological and behavioral outcomes measured in the analyses.

Outcome and items Response scale Immediately after  4-week follow-up
the intervention

Lifestyleintentions [49]

I intend to smoke less/improve my diet/increase the amount of  1=strongly disagreeto 7=strongly agree a2
physical activity | do in the next 4 weeks (average 2-3 items de-
pending on smoking)

M edication intentions [49]

I intend to talk to my GP® about taking blood pressure lowering  1=Strongly disagreeto 7=strongly agree  [J
medication/cholesterol lowering medication/aspirin in the next
4 weeks (average 3 items)

Supplement intentions [49]

| intend to take fish oil/multivitamin/antioxidant supplementsin  1=strongly disagreeto 7=strongly agree [
the next 4 weeks (average 3 items)

Credibility [53] (Cronbach a=.89)
| felt that the numbers received were “my numbers’; 1=strongly disagreeto 7=strongly agree [
| found the results to be written personally for me;
| felt that the information was relevant to me;
| felt that the information was designed specifically for me
Emotion (positive Cronbach a=.81; negative Cronbach a=.85) [52]

My results made mefedl: Positive subscale: hopeful/optimistic/en-  0=none of this feeling to 10=alot of O
thusiastic; Negative subscale: afraid/anxious/worried thisfeeling

Gist knowledge of percentage risk

My risk level for having a heart attack or stroke in the next 5 Low/medium/high/I don't know O O
years was

Verbatim knowledge of percentage risk

My percentage risk of having a heart attack or strokeinthenext Numerical/l don't know O O
5 yearswas

Gist knowledge of heart age

My heart age result was Below my actual age/thesameasmy [ O
actual age/above my actual age/l wasn't
shown my heart age/l don't know

Verbatim knowledge of heart age
My heart age was Numerical/l don't know O O

Decisional conflict [54]

Do you feel sure about the best choice for you? Yes/no O
Do you know the benefits and risks of each option? Yes/no O
Areyou clear about which benefits and risks matter most toyou? Yes/no O
Do you have enough information to make a choice? Yes/no O

Smoking®
Do you currently smoke cigarettes? Yes/no O
Inthe last week, how many cigarettes did you usually smokeper Numerical (if yes)
day?

Physical activity [50]°
Inthelast week, how many timesdid you do 20 minutesor more  0-10+ (assessed as adequate/inadequate O
of vigorous-intensity physical activity that made you sweat or  against Australian diet guidelines)
puff and pant?
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Outcome and items Response scale Immediately after  4-week follow-up
the intervention
Inthelast week, how many timesdid you do 30 minutesor more  0-10+ (assessed as adequate/inadequate O

of moderate-intensity physical activity or walking that increased
your heart rate or makes you breathe harder than normal?

Diet [51]¢

In the last week, how many serves of fruit did you usually eat
per day?

against Australian diet guidelines)

0-10+ (with examples of serves provid- O
ed; assessed as adequate/inadequate

against Australian diet guidelines)

In the last week, how many serves of vegetables did you usually
eat per day?

0-10+ (with examples of serves provid- ad
ed; assessed as adequate/inadequate

against Australian diet guidelines)

In the last week, how many serves of unhealthy snacks did you
usually eat per day?

0-10+ (with examples of serves provid- O
ed; assessed as adequate/inadequate

against Australian diet guidelines)

In the last week, how much soft drink, cordial or sports drinks
do you usualy drink per day?

0-10+ (with examples of serves provid- ad
ed; assessed as adequate/inadequate

against Australian diet guidelines)

Seeing a doctor
Have you discussed your risk of heart disease with adoctorin =~ Yes/no ad
thelast 4 weeks? (including blood pressure, cholesterol or lifestyle
change)
Have you made an appointment to discuss your risk of heart dis-  Yes/no O
ease with adoctor? (including blood pressure, cholesterol or
lifestyle change)
Helpline
Have you used the Heart Foundation helpline for more lifestyle  Yes/no d

change support?

#Thetick demonstrates in which survey this outcome was measured.
bGP genera practitioner.

CAlso asked before the intervention, with preintervention behavior controlled for in the analyses.

Analysis

Apriori sample size cal culations determined that 85 participants
per randomized group (total n=510) would yield 90% power to
detect a moderate effect size of Cohen d=0.5 (a standardized
difference; this generic effect size estimate was sel ected because
of the absence of similar trials on which to base calculations)
in the primary outcome of intention to change lifestyle or any
of the secondary outcomes, assuming a 2-sided Cronbach o of
.05. We aimed to recruit an additional 20% more cases to
account for potential missing values, totaling 600 participants
(100 per group) at follow-up. This sample was inflated for
recruitment to 850 participantsto account for potential attrition
of up to 30% between the intervention and foll ow-up.

Continuous outcome variables were modeled using linear
regression. Dichotomous outcomes were analyzed using
modified Poisson regression (using a log-link function with
robust error variances). Ordinal logistic regression was used to
analyzethe ordered categorical outcomes. Count outcomeswere
modeled using negative binomial regression. All regression
modelsincluded the DA group (literacy-sensitive DA, standard
DA, or basic Heart Foundation patient information) and risk
format (CVD risk percentage only or CV D risk percentage+heart
age) as categorical variables and controlled for health literacy

https://cardio.jmir.org/2022/1/e34142

adequacy (categorical based onthe Newest Vital Signsmeasure
[55,56]: low, moderate, or adequate) and absolute risk
(percentage). Postintervention and follow-up outcomes were
analyzed separately, with follow-up analyses controlling for
preintervention values where available. Pairwise comparisons
were conducted to test these hypotheses. We also conducted
exploratory analyses of potential differences in DA effects
between hedth literacy levels by including a
literacy-sensitive-by-DA interaction term and heart age category
for heart age groups (younger or same vs older in stratified
analyses). Chi-sguare test for paired proportions by McNemar
was used to compare knowledge of heart age versus percentage
risk among those who saw both. Analyseswere conducted using
Stata (version 16.1; StataCorp). No adjustments were made for
multiple comparisons.

Hypotheses

1 The two DA formats will be more effective (ie, increase
lifestyle change intentions or behavior and knowledge of
risk without reducing credibility) than the standard Heart
Foundation information.

2. The literacy-sensitive DA will be more effective than the
standard DA for everyone (hot just peoplewith lower health

literacy).
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3. Adding heart age to absolute risk will be more effective
than absolute risk alone.

Stage 3: Iterative End-User Testing With Varying
Health Literacy Levels

As part of the follow-up survey, participants in the trial were
invited to opt-in to a think aloud interview to provide further
end-user testing and feedback for the literacy-sensitive version
of theintervention. From the 27 parti cipantswho provided email
addresses, 20 (74%) participants were selected to represent a
range of ages, genders, risk levels, and health literacy levels.
Participants went through therisk cal culator in full while saying
out loud everything they were thinking; for example, any areas
of confusion. Further questions were asked to prompt more
discussion or elaboration. Transcripts were thematically coded
and discussed after each set of 4-5 interviews, and improvements
were made to the intervention before the next set of interviews.
We conducted 2 rounds of interviews with people with low
health literacy as our key target group (8/20, 40%) and then
tested the improved tool with people who had higher health
literacy to ensure that it was suitable for these users in another
2 rounds (12/20, 60%).

Results

Stage 1

We used the question format and style of the current national
heart age calculator as the basis for the risk factor questionsin
all groups, as well as the heart age presentation on that tool.
The CVD risk results and DA were presented based on (1) our

Bonner et a

existing GP DA tool [39] (standard DA group), (2) asimplified
version of the standard DA with supporting images
(literacy-sensitive DA group; Figure 2), and (3) the current risk
calculator from the National Vascular Disease Prevention
Alliance [45]. See Multimedia Appendix 1 for example
intervention content in each group.

Stage 2

Overview

The CONSORT (Consolidated Standards of Reporting Trials)
diagram is shown in Figure 3, and the characteristics of all the
participant groupsin the intervention are shown in Table 3. We
conducted a soft launch with 100 participants to check that we
had an adequately low health literacy sample and adequate
follow-up considering the COVID-19 disruptionsin 2020 before
proceeding with the full trial with no changes to the
preregistered method. We recruited 859 participants for the
intervention (including the 100 in the soft launch), with atarget
of 600 at the 4-week follow-up, for which we recruited 596
participants. The characteristicswere similar among the groups
for age and gender but some differences were observed for
health literacy (relating to education) and absoluterisk (relating
to smoking and heart age); therefore, these 2 factors were
controlled for in the analyses. In terms of dropout, there was
no differencein the randomized DA group (P=.71), randomized
to heart age (P=.91), health literacy level (P=.69), CVD risk
level (P=.56), or heart age result (P=.30) between those who
returned for follow-up and those who did not. The outcomes
by trial group are shown in Table 4, and the analyses for each
of the 3 hypotheses are shown in Tables 5-7.

Figure 3. CONSORT (Consolidated Standards of Reporting Trias) diagram.

https://cardio.jmir.org/2022/1/e34142
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Assessed for eligibility (n=3620)

Excluded (n=2727)

Not meeting inclusion criteria (n=1481)
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Quotas filled (n=814)

Did not reach randemization stage (n=221)

Randomized (n=893)

Control risk % Control risk % Standard risk % Standard risk % Literacy- Literacy-
+heart only (n=161) +heart age only (n=141) sensitive risk % sensitive risk %
age (n=138) (n=152) +heart age only (n=147)
(n=154)
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Table 3. Tria participant characteristics by randomized group.

Characteristics Decision aid group Heart age group
Control Standard Literacy-sensitive  Risk percentageonly ~ Risk percentage+heart
(n=290) (n=285) (n=284) (n=432) age (n=427)
Demographics
Age (years), mean (SD) 509(87) 596(82)  583(8.7) 58.8 (8.6) 59.8 (8.5)
Heart age (years), mean (SD) 60.7(14.7) 60.9(13.1) 585 (13.7) 58.9 (14.0) 61.2 (13.7)
Sex
Male, n (%) 137(47.2)  147(516) 142 (50) 213 (49.3) 213 (49.9)
Female, n (%) 153(52.8)  138(48.4) 142 (50) 219 (50.7) 214 (50.1)
Education (university degree), n (%) 149 (51.9) 133 (46.7) 145 (51.1) 218 (50.5) 209 (48.9)
Inadequate health literacy, n (%) 63 (21.7) 77 (27) 66 (23.2) 103 (23.8) 103 (24.1)
Clinical characteristics
Knew their cholesterol, n (%) 41 (14.2) 41 (14.4) 34(12) 59 (13.7) 57 (13.3)
Total cholesterol® (mg/dL), mean (SD) ~ 49(13)  49(L5)  44(L4) 46(1.3) 4.8(1.5)
High-density lipoprotein cholesterol® 2.6(1.3) 2.6(1.2) 2.8(1.3) 2.8(1.3) 2.6(1.2)
(mg/dL), mean (SD)
Knew their blood pressure, n (%) 102(35.2) 106(37.2)  98(34.5) 162 (37.5) 144 (33.7)
Systolic blood pressure® (mm Hg), mean 1239 (15.1)  127.0(148) 124.9 (14.8) 123.9 (14.7) 126.8 (15.1)
(SD)
Diastolic blood pressure®(mm Hg), mean  831(117)  833(120)  823(13.0) 82.4 (12.7) 83.5(11.8)
(SD)
Overweight BMIP (kg/m?), n (%) 172(59.3)  175(614) 161 (56.7) 260 (60.2) 248 (58.1)
Behavior +lifestyle characteristics
Adequate diet®, n (%) 73(252)  75(263)  67(23.6) 113 (26.2) 102 (23.9)
Adequate exercise®, n (%) 165(56.9) 150(526) 162 (57) 239 (55.3) 238 (55.7)
Smokers, n (%) 38(13.1) 42 (14.7) 35(12.3) 48 (11.1) 67 (15.7)
Risk results
Older heart age’, n (%) 164 (56.6) 171(60.0) 153 (53.9) 230 (53.2) 258 (60.4)
Absolute risk, mean (SD) 5.3(4.8) 5.4 (4.1) 49(4.1) 4.9 (4.5) 5.5 (4.2)
Low risk, n (%) 248(855) 235(825) 238(83.98) 375 (86.8) 346 (81.0)
Medium risk, n (%) 37(12.8) 44 (15.4) 39(13.7) 49 (11.3) 71 (16.6)
High risk, n (%) 5(1.7) 6(2.1) 7(25) 8(1.9) 10 (2.3)
af known.

Poverwei ght BMI: >25 kg/mz; adequate diet: at least 2 servings of fruit and 5 servings of vegetables per day in the past week [51]; adequate physical
activity: 3 vigorous sessions per week, 5 moderate sessions per week, or 1-2 vigorous sessions plus 3-4 moderate sessions per week [50].

®Older heart age: heart age result is higher than chronological age.
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Outcome Decision aid group Heart age group
Control Standard Literacy-sensitive  Risk percentageonly  Risk percentage+heart age
Immediately after the intervention (n=290) (n=285) (n=284) (n=432) (n=427)

Intention to change lifestyle®, mean 45(1.4) 47(1.2) 4.6 (1.4) 46 (1.3 4.6 (1.4)

(SD); 1 (strongly disagree) to 7

(strongly agree)

Intention to take medication, mean 25(1.4) 25(1.4) 25(15) 25(1.4) 25(1.4)

(SD); 1 (strongly disagree) to 7

(strongly agree)

Intention to take supplements, mean 3.2 (1.6) 3.1(1.6) 3.1(1.6) 3.1(1.6) 3.1(1.6)

(SD); 1 (strongly disagree) to 7

(strongly agree)

Decisional conflict, n (%); 4 (yestoal 34 (11.7) 34(11.9) 37(13) 46 (10.6) 59 (13.8)

4 questions; therefore, any score <4

indicates decisional conflict)

Positive emotion, median (IQR); 0 7(5-8.3) 7.3(5.3-83) 7(5.3-85) 7.3(5.7-8.7) 6.7 (5-8)

(none of thisfeeling) to 10 (alot of this

feeling)

Negative emotion, median (IQR); 0 1.3(0-4) 2 (0-5) 2(0-4.3) 1.2 (0-4) 2(0-4.7)

(none of thisfeeling) to 10 (alot of this

feeling)

Credibility, mean (SD); 1 (strongly 5.0(1.2) 5.0(1.1) 49(1.2) 51(1.1) 49(1.2)

disagree) to 7 (strongly agree)

Gist knowledgeof risk percentage after 256 (88.3)  253(88.8) 241 (84.9) 379 (87.7) 371(86.9)

the intervention, n (%)

Inflated risk, n (%) 19 (6.6) 16 (5.6) 22(7.7) 23(5.3) 34(8)
4-week follow-up (a positive difference  (n=196) (n=201) (n=199) (n=299) (n=297)
means higher levelsat follow-up)

Difference in smoki ngb' mean (SD) 04(21) -1.4(7.5) 0.2(3.2) 0.8(3.3) -1.0(5.7)

Differencein moderateexercise®, mean  003(22)  -01(23)  -0.04(23) -0.1(2.3) 0.04 (2.3

(SD)

Differencein vigorousexerciseb, mean —02(22) -0.1(2.1) -0.1(2.5) -0.3(2.1) 0.01 (2.4)

(SD)

Adequate exercise®, n (%) 102 (52.0) 103(51.2)  115(57.8) 152 (50.8) 169 (56.9)

Differencein whether exercisemet ad- -4.9 -14 0.8 -45 12

equate level L %

Differencein daily fruit serve®, mean ~04(24)  -02(23)  05(25) -01(27) 0.01 (22

(SD)

Difference in daily vegetable serves®, —0.4(26) -0.2(2.4) 0.1(2.6) -0.3(2.6) -0.1(25)

mean (SD)

Differencein daily unhealthy snack -0.4(2.2) -0.3(2.1) -0.2(2.3) -0.3(2.2) -0.4(2.1)

serves®, mean (SD)

Differencein daily soft drinks’, mean 0.03(1.6) ~ -01(17)  -0.1(2.0) 0.1(1.8) -0.2(1.7)

(SD)

Adequate diet®, n (%) 39(19.9) 50 (24.9) 50 (25.1) 68 (22.7) 71(23.9)

Differencein whether diet met ade- -5.3 -14 15 -35 0

quate level sb, %

Seenadoctor inthelast 4 weeks, n (%) 14 (7.1) 16 (8) 23(11.6) 27 (9) 26 (8.8)

Made an appointment to see adoctor, 8(4.1) 7 (3.5) 6 (3) 8(2.7) 13 (4.9

n (%)
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Outcome Decision aid group Heart age group
Control Standard Literacy-sensitive  Risk percentageonly  Risk percentage+heart age

Called the Heart Foundation helpline 1 (0.5) 4(2) 3(15) 5(1.7) 3D
in the last 4 weeks, n (%)
Gist knowledge of heart age at follow- 44 (22.4) 57 (28.4) 54 (27.1) 40 (13.4) 115 (38.7)
up, n (%)
Verbatim knowledge of heart age at 16 (8.2) 11(5.5) 9(4.5) 2(0.7) 34 (11.4)
follow-up, n (%)
Gist knowledge of risk percentageat 76 (38.8) 108 (53.7) 102 (51.3) 139 (46.5) 147 (49.5)
follow-up, n (%)
Verbatim knowledge of risk percentage 6 (3.1) 19 (9.5) 14 (7) 21(7) 18(6.1)

at follow-up, n (%)

3Primary outcome.
bDifference score: follow-up score minus preintervention score; positive: more at follow-up.

CAdequate diet: at least 2 servings of fruit and 5 servings of vegetables per day in the past week [51]; adequate physical activity: 3 vigorous sessions
per week, 5 moderate sessions per week, or 1-2 vigorous sessions plus 3-4 moderate sessions per week [50].
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Table 5. Hypothesis 1: the decision aid (DA) groups will improve outcomes versus the control group.

Outcome Literacy-sensitive DA vs control Standard DA vs control Main effect, P value

Mean difference (95% ClI) Pvalue  Meandifference (95% Cl) P value

Immediately after the intervention

Intention to change lifestyle® 0.07 (-0.15 t0 0.29) 52 0.17 (-0.05 to 0.39) 12 30
Intention to talk to a doctor about 0.01 (-0.21t0 0.24) .90 0.00 (-0.23t0 0.22) .97 .99
medication

I ntention to take supplements -0.10(-0.36 t0 0.16) 43 -0.09 (-0.34t00.17) .52 .70
Decisional conflict® 112 (0.72t0 1.73) 62 0.98 (0.63 t0 1.54) 93 82
Positive emotion 0.16 (-0.23 to 0.55) 43 0.31 (-0.08 to 0.70) 12 29
Negative emotion 0.28 (-0.11t0 0.68) .16 0.20 (-0.19 to 0.60) 31 34
Credibility -0.12 (-0.30 to 0.07) 22 0.01 (-0.18 t0 0.19) 95 34
Gist knowledge of risk percentage  1.22 (0.74 t0 2.02) 44 1.05(0.63t0 1.73) .85 72
after the intervention®

Inflated risk? 110 (0.63t0 1.92) 74 0.74(0.39 t0 1.38) 34 42

Follow-up (after 4 weeks, controlling for preintervention)

Daily smoking (number of cigarettes 0.41 (-2.34 to 3.16) a7 -1.48 (-4.17t0 1.20) .28 .29

smoked)®

Weekly vigorous exercise sessionsd  0.23(-0.15t0 0.62) 24 0.00 (-0.38t0 0.38) .99 .39

Weekly moderate exercise sessionsd 0.03(-0.36t0 0.42) .89 -0.03 (-0.42 to 0.36) .87 .95

Whether exercise met adequatelev-  1.10 (0.95 to 1.28) 19 1.04 (0.89t01.21) .64 41

s’

Daily fruit served 0.69 (0.32t0 1.06) <.001 0.21 (-0.13to0 0.55) .23 <.001

Daily vegetable served 0.38 (-0.03t0 0.78) .07 0.04 (-0.36 t0 0.43) .85 13

Daily unhealthy snack served 0.11 (-0.17 to 0.40) 43 0.02 (-0.26 t0 0.31) .87 71

Daily soft drink served 0.12 (-0.10t0 0.35) .28 0.05 (-0.17 t0 0.27) .65 .55

Whether diet met adequate level 1.23(0.87to0 1.74) .23 1.16 (0.83t0 1.62) 37 48
Follow-up only (after 4 weeks)

Has seen adoctor inthe last 4 weeks® 160 (0.85t0 3.02) 14 1.04 (0.52t0 2.07) .92 .23

Intends to see a doctor at fonow_upb 0.75 (0.27 t0 2.10) .58 0.86 (0.31t0 2.41) .78 .86

Has called the Heart Foundation 3.00 (0.31t0 29.07) .34 3.81 (0.45t0 32.25) 22 A7

helpline in the last 4 weeks”

Gist knowledge of heart age at fol-  1.12 (0.80 to 1.56) 51 1.16 (0.84t0 1.61) .36 .65

Iow-upb

Verbatim knowledge of heart ageat  0.47 (0.22 to 1.03) .06 0.58 (0.28 t0 1.20) 14 a2

follow-up®

Gist knowledge of risk percentageat 1.28 (1.04 to 1.58) .02 141 (1.14t0 1.74) .002 .006

follow-upb

Verbatim knowledge of risk percent- 2.34 (0.91 to 6.05) .08 3.25(1.31t0 8.07) .01 .04

age at follow-upb

3Primary outcome.

bAnalysis by modified Poisson regression, data shown as incidence rate ratios.

CAnalysis by ordered |ogistic regression, datashown as odds ratio of being in next highest (relative to group shown Heart Foundation information only).
dAnal ysis by negative binomial regression, data shown as differences in the predicted counts.
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Table 6. Hypothesis 2: the literacy-sensitive decision aid (DA) will improve outcomes versus the standard DA regardless of health literacy level.

Outcome

Standard DA (vs literacy-sensitive DA)

Estimated difference (95% CI) P value

Newest Vital Signs scorexgroup in-
teraction, P value

Immediately after theintervention

Intention to change lifestyle®
Intention to talk to doctor about medication

I ntention to take supplements

Decisional conflict?
Positive emotion
Negative emotion
Credibility

Gist knowledge of risk percentage after the intervention®

Inflated risk perception (above actual Ievel)b

0.10(-0.12t0 0.32)

-0.02 (-0.24 10 0.21)
0.02 (-0.24 t0 0.28)
0.88 (0.57 to 1.36)

0.16 (-0.24 to 0.55)
~0.08 (-0.48 10 0.32)
0.12 (~0.06 to 0.31)
0.86 (0.52 to 1.41)

0.70 (0.37 t0 1.23)

Follow-up (after 4 weeks, controlling for preintervention measurement)

Daily smoking (number of cigarettes smoked)d

Weekly vigorous exercise sessi ong?

Weekly moderate exercise sessi ong?

Whether exercise met adequate levels”

Daily fruit serves®

Daily vegetable serves

Daily unhealthy snack serves?

Daily soft drink serves?

Whether diet met adequate level

Follow-up (after 4 weeks)

Has seen adoctor in the last 4 weeks?

Intends to see a doctor at follow-upb

Has called the Heart Foundation helplinein the last 4
weeks

Gist knowledge of heart age at follow-upb
Verbatim knowledge of heart age at foll ow-upb
Gist knowledge of risk percentage at follow-upb

Verbatim knowledge of risk percentage at follow-upb

~1.90 (-4.33t0 0.53)
-0.23 (-0.62 10 0.16)
~0.06 (~0.45 t0 0.32)
0.94 (0.81t0 1.09)
~0.48 (~0.86 t0 -0.11)
~0.34 (-0.74 10 0.06)
~0.09 (~0.38 t0 0.20)
~0.07 (-0.30 0 0.16)

0.94 (0.69 t0 1.28)

0.65 (0.35 to 1.19)
1.15 (0.39 to 3.36)

1.27 (0.26 t0 6.09)

1.04 (0.77 to 1.41)
1.24 (0.53t0 2.89)
1.10 (0.92 to 1.30)

1.39(0.71 t0 2.69)

37

.87
.90
.56

.69
.20
.55

.20

A3

24

.76

43

.01

.10

.53

.53

71

.16

.80

a7

.81

.62

.29

.33

22

.02
.10
.53

.006
A1
.007

72

.90
.20
.50
.35
15
.10
97
77

.90

.75
Not tested (insufficient variability)

<.001

.61
27
.83

<.001

8Primary outcome.
bAnalysis by modified Poisson regression, data shown as incidence rate ratios.
CAnalysis by ordered logistic regression, data shown as odds ratio of being in next highest (odds in standard, relative to low health literacy).

dana ysis by negative binomial regression, data shown as differences in the predicted counts.
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Table 7. Hypothesis 3: adding heart age to percentage risk will improve outcomes versus percentage risk only.

Outcome Heart age shown vs not shown
Across all participants Older heart age result Same or younger heart age
result
Estimated mean differ- P vaue Difference P value Difference P vaue
ence (95% Cl) (95% CI) (95% CI)
Immediately after theintervention
Intention to change lifestyle® -0.04(-0.22t00.14) .64 -0.11(-0.34to .36 0.02(-0.25t0 .87
0.13) 0.30)
Intention to take medication .04(-0.15t00.22) .70 011(-013t0 .37 -0.14(-041t0 .31
0.36) 0.13)
Intention to take supplements 0.00 (-0.21t0 0.21) .99 0.07 (-0.21to .63 -0.14(-047t0 .41
0.35) 0.19)
Decisional conflict? 1.27(0.89t0 1.83) 19 1.08(0.72t0 .71 172(08lt0 .16
1.62) 3.67)
Positive emotion -0.56 (-0.88t0 -0.24) .001 -0.75(-1.19to0 .001 -0.25(-0.70to .28
-0.31) 0.20)
Negative emotion 0.26 (-0.06 t0 0.58) 12 0.57(0.12to .01 -0.27(-0.71t0 .23
1.02) 0.17)
Credibility -0.20 (-0.35t0 -0.05) .01 -0.29 (-0.49to .005 -0.06 (-0.29to0 .60
-0.09) 0.17)
Gist knowledge of risk percentage after ~ 2.03 (1.33 to 3.08) .001 212 (1.32to .002 1.60 (0.58 to .36
the intervention® 341) 4.37)
Inflated risk? 1.60 (0.98 to 2.61) .058 1.70(0.93 to .09 1.38(0.57to A7
3.13) 3.36)
Follow-up (after 4 weeks, controlling for preintervention measurement)
Daily smoking (number of cigarettes -0.77(-293t0 1.40) .49 Not estimated  Notestima- -0.66 (-2.94t0 .57
smoked)® (n=4 not ed 1.61)
shown)
Weekly vigorous exercise sessionsd 0.29 (-0.02 to 0.60) .07 0.58 (0.09to .02 0.04(-0.37to .85
1.07) 0.44)
Weekly moderate exercise sessions® 0.05 (-0.26 t0 0.37) 74 0.45(-0.01to .056 -0.26 (-0.72t0 .27
0.91) 0.20)
Whether exercise met adequate level 1.16 (0.99 to 1.26) .08 1.23(1.05to .01 1.03 (0.86 to 74
1.45) 1.24)
Daily fruit served 0.02 (-0.28t0 0.31) .92 0.42 (-0.06t0 .08 -0.26 (-0.63t0 .17
0.89) 0.11)
Daily vegetable served 0.30 (-0.02t0 0.63) .07 0.57 (0.05to .03 -0.14(-0.28t0 .51
1.09) 0.56)
Daily unhealthy snack servesd -0.05(-0.28t00.18) .68 022 (-015t0 .25 -0.28 (-0.58t0 .07
0.58) 0.02)
Daily soft drink served -0.14(-0.33t00.04) .13 0.03(-0.22t0 .83 -0.34(-0.61t0 .01
0.27) -0.07)
Whether diet met adequate leved 1.14 (0.87 to 1.50) .34 1.48(1.00to .048 0.95 (0.66 to .79
2.18) 1.38)
Follow-up (after 4 weeks)
Has seen a doctor in the last 4 weeks? 0.99 (0.60 to 1.63) .96 0.81(0.37to .61 1.15(0.58 to .69
1.80) 2.26)
Intends to see a doctor at fonow_upb 1.61 (0.67 to 3.84) .29 0.67 (0.17to .58 4.17 (0.90to .07
0.27) 19.32)
Has called the Heart Foundation helpline  0.65 (0.17 to 2.53) 54 1.23(0.25to .80 2.66 (1.76 to <.001
in the last 4 weeks? 6.03) 4.03)
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Outcome Heart age shown vs not shown
Across all participants Older heart age result Same or younger heart age
result
Estimated mean differ- P vaue Difference P value Difference P vaue
ence (95% ClI) (95% CI) (95% CI)
Gist knowledge of heart age at follow-upb 2.90 (2.10to0 3.99) <.001 3.38(2.05t0 <.001 6.67 (1.50to .01
5.55) 32.41)
Verbatim knowledge of heart age at fol-  18.13 (4.36t0 75.48)  <.001 Not estimated  Notestima- Not estimated  Notestimat-
low-up? (n=2 not ed (n=2 not ed
shown) shown)
Gist knowledge of risk percentage at fol-  1.11 (0.95 to 1.30) .20 1.09 (0.91to .35 1.16 (0.87to 31
Iow-upb 1.29) 1.55)
Verbatim knowledge of risk percentageat  0.82 (0.44 to 1.50) .52 1.02 (0.40to .97 0.68 (0.31to .35
follow-up? 2.57) 1.52)

8Primary outcome.

bAnalysis by modified Poisson regression, data shown as incidence rate ratios.
CAnalysis by ordered logistic regression, data shown as odds ratio of being in next highest (odds in heart age, relative to not shown).

dAnalysis by negative binomial regression, data shown as differences in predicted counts and unstable estimate: 1.7% (5/299) individuals who were
not shown heart age used the helpline compared with 1.0% (3/297) who were shown heart age.

Postintervention Differences Among DA Groups

Immediately after the intervention, there were no differences
among the 3 DA groups for the primary outcome of lifestyle
intentions or secondary outcomes of risk perception, credibility,
emotional response, or decisiona conflict. For hypothesis 1,
the combined DA groups did not differ from the control group
for any outcome (Table 5). For hypothesis 2, there was no
difference between standard and literacy-sensitive DAsfor any
outcome (Table 6). There were significant interactions between
DA and health literacy for intention to talk to a doctor about
medication (P=.02) and emotiona responses (positive P=.01,
negative P=.006). Participants with lower health literacy who
received literacy-sensitive DA had a more negative or less
positive emotional response and had stronger intentions to see
a doctor about medication compared with the other groups
(Table 6).

4-Week Differences Among DA Groups

At follow-up after 4 weeks, there were no significant differences
between the control and DA groups for most self-reported
behaviors. However, theliteracy-sensitive DA group had higher
fruit consumption compared with both the control (difference
in predicted counts=0.69, 95% CI 0.32-1.06; P<.001) and
standard DA groups (difference in predicted counts=0.48, 95%
Cl 0.11-0.86]; P=.01). The DA groups were more likely to
know whether their risk was low, medium, or high than the
control group (literacy-sensitive DA: incident rate ratio
[IRR]=1.28, 95% Cl 1.04-1.58; P=.02 and standard DA:
IRR=1.41, 95% Cl 1.14-1.74; P=.002). The standard DA group
was more likely to know their exact risk percentage result
compared with the control group (IRR=3.25, 95% CI 1.31-8.07;
P=.01; Table 5). There were significant differences among DA
groups by health literacy levels for self-reported calls to the
Heart Foundation helpline (P<.001) and verbatim knowledge
of CVD percentage risk at follow-up (P<.001). None of the
participantswith low health literacy reported calling the helpline

https://cardio.jmir.org/2022/1/e34142

or remembered their exact CVD risk in the control group.
Standard DA increased both outcomes in all health literacy
groups, and literacy-sensitive DA increased both outcomes in
the low and high health literacy groups but not in the medium
group (Table 6).

Postintervention Differences Among Heart Age Groups

Immediately after the intervention, there were no differences
between the 2 heart age groups in the primary outcome of
lifestyleintentions or secondary outcomes of risk perception or
decisiona conflict. For hypothesis 3, the heart age group was
less likely to have a positive emotional response (mean
difference -0.56, 95% ClI -0.88 to —0.24; P=.001; Cohen
d=0.23), less likely to perceive the message as credible (mean
difference—0.20, 95% CI —-0.35t0 -0.05; P=.01; Cohen d=0.17),
and more likely to know whether their risk was low, medium,
or high (oddsratio 2.03, 95% CI 1.33-3.08; P=.001), compared
with the percentage risk only group (Table 7). When the heart
ageresult was older, there were significant differencesindicating
less positive (mean difference —0.75, 95% CI -1.19 to -0.31,
P=.001; Cohen d=0.31) and more negative (mean difference
0.57, 95% CI 0.12 to 1.02; P=.01; Cohen d=0.23) emotional
responses, lower credibility (mean difference -0.29, 95% ClI
-0.49 to -0.09; P=.005; Cohen d=0.25) and higher perceived
risk level (odds ratio 2.11, 95% CI 1.31-3.39; P=.002) when
heart age was shown. No such differences were found in those
who received the same age or younger results (Table 7).

4-Week Differences Among Heart Age Groups

At the 4-week follow-up, there were no significant differences
among the heart age groups in terms of lifestyle behavior
change, seeing a doctor for a heart health check, or gist
knowledge of risk level (Table 7). Unsurprisingly, being shown
heart age led to greater gist knowledge of heart age (IRR 2.90,
95% Cl 2.10-3.99; P<.001) and verbatim knowledge of heart
age (IRR 18.13, 95% Cl 4.36-75.48; P<.001) compared with
those who were not shown their heart age, but there was no
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difference between the heart age and percentage risk only groups
for knowledge of percentage risk. Within the heart age group
that saw both risk formats, participantswere more likely to have
verbatim knowledge of their heart age (11%) than their
percentage risk (6%, chi-sgquare test for paired proportions by
McNemar: x%,=6.1; P=.01, differencein proportions 5.4%, 95%
Cl 0.8%-10.0%). When the heart age result was older, there
were significant differences indicating more vigorous exercise
(mean difference 0.58, 95% CI 0.09-1.07; P=.02), more
vegetable serves (mean difference 0.57, 95% CI 0.05-1.09;
P=.032), higher chance of meeting guidelinesfor exercise (IRR
1.23, 95% CI 1.05-1.45; P=.01) and diet (IRR 1.48, 95% ClI
1.00-2.18; P=.048), when heart age was shown. When the heart
age result was the same or younger than their current age, there
were significant differences, indicating fewer soft drink serves
(mean difference —0.34, 95% CI -0.61 to —0.07; P=.012) and
a higher chance of calling the Heart Foundation helpline (IRR
12.66, 95% CI 1.76 t0 4.03; P<.001), when heart age was shown
(Table 7).

Stage 3

Participant interviews were conducted in 4 stages so that any
user feedback from the interviews could be discussed among
the team (C Bonner, C Batcup, and JA) and then implemented
into the calculator for the next interviewsin an iterative process.
The issues addressed in each round of interviews are shown in
Multimedia Appendix 2.

Discussion

Principal Findings

We used both a mixed method development and evaluation
process to produce a CVD DA that is effective for improving
verbatim and gist knowledge of CV D risk and fruit consumption
after 4 weeks. The resulting intervention is a scalable eHealth
tool suitable for people with varying levels of hedlth literacy.
This consumer tool will supplement a GP version for usewithin
consultations [38,39], providing GPs with a clear action for
their patients to follow up when lifestyle change is
recommended. Thispaper provides an example of how to apply
literacy-sensitive  design principles to evidence-based
decision-making and behavior change tools. The results show
that literacy-sensitive DA can support peoplewith lower health
literacy in making informed decisions, while till being suitable
for the general population.

Comparison With Previous Wor k

A recent review of DASs for people with lower health literacy
[57,58] showed that DAs that use hedlth literacy design
strategies|ead to improved knowledge, decisional conflict, and
decision-making outcomes. Furthermore, DAsthat used explicit
strategies to reduce cognitive burden showed greater
improvementsin knowledge for peoplewith low health literacy
and from disadvantaged backgrounds [58]. The review
highlighted the need for more consideration of health literacy
in DA development. This study addresses these findingsin the
context of CVD prevention for the first time.

https://cardio.jmir.org/2022/1/e34142
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We observed several interactions with health literacy, showing
the importance of considering this as a covariate when
investigating shared decision-making and behavior change
outcomes. The literacy-sensitive version of the DA produced
more negative emotional responses and greater intention to
speak to a doctor about medication optionsto reduce CVD risk
among those with lower health literacy. This may reflect risk
and choice awareness in this group if they had not previously
considered themselvesto haverisk factorsfor heart disease that
could be addressed with preventive medication. Asthis sample
was predominantly low-risk, we would not want a DA to lead
to greater actual medication uptake in this group; however,
speaking with a physician about risk and how to reduce it may
be a positive outcome in line with guidelines to assessrisk in
thisagegroup [1]. Wereplicated previous DA studies by finding
increased knowledge of risk among the DA groups compared
with the control group [37]. We also replicated our previous
finding that a literacy-sensitive action plan can improve diet
outcomes across different level s of health literacy, although this
was more marked for people with low health literacy [31,59].

This study also replicated several heart age effects found in
reviews of previousresearch, in that it leads to a more negative
emotional response, increased gist and verbatim knowledge of
heart age, but not percentage risk, and reduced credibility, but
is neutral for lifestyle change overall [60,61]. Our subgroup
analyses suggest that more nuanced study designs are required
to better understand the effects of heart age. First, among those
who were shown their heart age, gist knowledge of percentage
risk initially improved, but after 4 weeks, gist and verbatim
knowledge were higher for heart age than for percentage risk.
Previous studies have shown that people who receive an older
heart age may react defensively and focus on other information,
such as a low short-term risk level, which in turn may reduce
their credibility of the risk result [26,62]. Analyses of people
who received an older heart age result suggest that it may be
useful asamarketing tool to gain attention and initiate behavior
change, but knowledge of heart age did not trandlate to
knowledge of risk. For theintended purpose of a DA to be used
inaclinical context, the focus must be on validated risk results
to make informed decisions about medication. Therefore, we
decided to use the non-heart age version of the literacy-sensitive
DA infutureresearch in general practice. However, web-based
heart age tools can incorporate DA and action plan elements
with no detrimental effects.

Future Directions

Futuretrials need to be designed to isolate ol der heart age results
and follow-up behavior over time. In considering how to power
such trias, researchers will need to consider how the specific
heart age tool they useis calibrated for the intended population
(eg, approximately 50% older in our sample using the New
Zealand method vs approximately 80% in the Australian/United
Kingdom Heart Foundation tool [25,26]). The primary outcomes
also need to be considered carefully. Most heart age research
has been conducted with a primary outcome of immediate
lifestyle change intentions, where we found no differences.
More research could be doneto verify the self-reported behavior
change among people receiving older heart age results we
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observed after 4 weeks, using more objective measures such as
pedometers.

The end-user interviews were helpful for improving simple
navigation and wording issues in the literacy-sensitive version
of the DA, but there were some larger issues that could not be
resolved using aweb-based tool. Most users did not know their
blood pressure or cholesterol results; however, even if they had
been assessed recently, they had difficulty understanding where
different numbers should be entered. This was particularly
difficult for cholesterol results in pathology test reports.
Therefore, we will test the final revised tool in clinical practice
to addresstheissue of unknown blood pressure and chol esterol,
which reduces the accuracy and limits the display of optionsin
line with the current medication guidelines. This tool will be
integrated with additiona Heart Foundation resources to
improve other lifestyle outcomes.

Strengths and Limitations

A major strength of this study is that we were able to recruit a
large, diverse sampleintermsof health literacy and risk results.
We had sufficient follow-up to run the study per protocol despite
the COVID-19 disruptions and observed no difference in
dropouts for key variables. A limitation is that the web-based
panel samplemay not be representative of the general population
and may better reflect users of web-based heart age tools than
patients presenting to primary care for CVD risk assessment.
Furthermore, many participants did not know their blood
pressure and cholesterol levels, which may have affected their
response to the DA because of aless accurate CVD risk result.
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However, the use of averages reflects the approach used in
currently available consumer tools for CVD risk assessment
[26-28]. Different countries also use different CV D risk models
or heart age algorithms, which may affect the results given the
differences we observed in the older heart age sample. We
conducted a large number of analyses on multiple outcomes;
however, given the exploratory nature of the study, we did not
make adjustments for multiple comparisons. The study was
powered by moderate effect sizesand therefore may have lacked
the power to detect more subtle differences, however, these
findings will be useful for informing sample size calculations
for future studies. Finally, we used validated outcomes where
possible but behavior changes were self-reported. Future
research on heart age should use objective measures over time.

Conclusions

This study shows the value of combining
health-literacy—sensitive design with best practice risk
communication and behavior change tools. Although aimed at
addressing the needs of people with lower health literacy, this
approach improved knowledge of CVD risk, heart age, and
behavior in a sample with varying hedlth literacy levels. The
role of heart age remains somewhat unclear, with both
advantages and disadvantages, however, there is no clear
evidence of an effect on lifestyle changeintentions or behavior
overal. Further research should investigate implementation
pathways for integrating such consumer tools with clinical
practice and distinguish between older and younger heart age
results.

This study was funded by a Vanguard grant from the National Heart Foundation of Australia (ID 102215).

Conflictsof I nterest

C Bonner advises the Heart Foundation on health literacy and risk communication issues.

Multimedia Appendix 1
Example intervention content.

[XLSX File (Microsoft Excel File), 2328 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Issues addressed in each round of interview feedback.

[XLSX File (Microsoft Excel File), 13 KB-Multimedia A ppendix 2]

Multimedia Appendix 3

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 1286 KB-Multimedia Appendix 3]

References
1.

Usherwood T. National guidelines for the management of absolute cardiovascular disease risk. Med J Aus 2013 Aug
19;199(4):243-244. [doi: 10.5694/mjal3.10248] [Medline:

23984778]

2. JBS3Board. Joint British Societies consensus recommendationsfor the prevention of cardiovascular disease (JBS3). Heart
2014 Apr;100 Suppl 2:ii1-ii67 [FREE Full text] [doi: 10.1136/heartjnl-2014-305693] [Medline: 24667225]
3. Guidelinesfor the Assessment of Absolute Cardiovascular Disease Risk / An Initiative of the National Vascular Disease

Prevention Alliance. Australia: National Library of Australia; 20009.

https://cardio.jmir.org/2022/1/e34142

IMIR Cardio 2022 | vol. 6 | iss. 1| €34142 | p. 18
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=cardio_v6i1e34142_app1.xlsx&filename=1f8dfda6a907e048b73ba3c89d919330.xlsx
https://jmir.org/api/download?alt_name=cardio_v6i1e34142_app1.xlsx&filename=1f8dfda6a907e048b73ba3c89d919330.xlsx
https://jmir.org/api/download?alt_name=cardio_v6i1e34142_app2.xlsx&filename=990e5a8b278a64ecd7ff0c2f1852567e.xlsx
https://jmir.org/api/download?alt_name=cardio_v6i1e34142_app2.xlsx&filename=990e5a8b278a64ecd7ff0c2f1852567e.xlsx
https://jmir.org/api/download?alt_name=cardio_v6i1e34142_app3.pdf&filename=8b35093522f3908ef190fdc698c74c92.pdf
https://jmir.org/api/download?alt_name=cardio_v6i1e34142_app3.pdf&filename=8b35093522f3908ef190fdc698c74c92.pdf
http://dx.doi.org/10.5694/mja13.10248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23984778&dopt=Abstract
https://heart.bmj.com/content/100/Suppl_2/ii1
http://dx.doi.org/10.1136/heartjnl-2014-305693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24667225&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Bonner et &

4,

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Hippisley-Cox J, Coupland C, Brindle P. Devel opment and validation of QRISK 3 risk prediction algorithmsto estimate
future risk of cardiovascular disease: prospective cohort study. BMJ 2017 May 23;357:j2099 [FREE Full text] [doi:
10.1136/bmj.j2099] [Medline: 28536104]

Whelton P, Carey R, Aronow W, Casey D, Collins K, Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guidelinefor the prevention, detection, evaluation,
and management of high blood pressure in adults: executive summary: areport of the American College of
Cardiology/American Heart Association Task Force on clinical practice guidelines. Hypertension 2018 Jun; 71(6):1269-1324
[FREE Full text] [doi: 10.1161/HY P.0000000000000066] [Medline: 29133354]

Cobiac L, Magnus A, Barendregt J, Carter R, Vos T. Improving the cost-effectiveness of cardiovascular disease prevention
in Australia: amodelling study. BM C Public Health 2012 Jun 01;12:398 [ FREE Full text] [doi: 10.1186/1471-2458-12-398]
[Medline: 22657090]

Banks E, Crouch S, Korda R, Stavreski B, Page K, Thurber K, et al. Absolute risk of cardiovascular disease events, and
blood pressure- and lipid-lowering therapy in Australia. Med J Aust 2016 May 02;204(8):320 [FREE Full text] [doi:
10.5694/mjal5.01004] [Medline: 27125809]

Hobbs FD, Jukema JW, Da Silva PM, McCormack T, Catapano AL. Barriersto cardiovascular disease risk scoring and
primary prevention in Europe. QIM 2010 Oct 04;103(10):727-739. [doi: 10.1093/gjmed/hcq122] [Medline: 20685842]
Sposito AC, Ramires JA, Jukema JW, Molina JC, da Silva PM, Ghadanfar MM, et a. Physicians attitudes and adherence
to use of risk scores for primary prevention of cardiovascular disease: cross-sectional survey in three world regions. Curr
Med Res Opin 2009 May;25(5):1171-1178 [FREE Full text] [doi: 10.1185/03007990902846423] [Medline: 19323611]
GuptaR, Stocks N, Broadbent J. Cardiovascular risk assessment in Australian general practice. Aust Fam Physician 2009
May;38(5):364-368 [FREE Full text] [Medline: 19458809]

GuptaM, Singh N, Tsigoulis M, Kajil M, Hirjikaka S, Quan A, et al. Perceptions of Canadian primary care physicians
towards cardiovascular risk assessment and lipid management. Can J Cardiol 2012 Jan;28(1):14-19. [doi:
10.1016/j.cjca.2011.09.014] [Medline; 22264843]

Montori V, Brito J, Ting H. Patient-centered and practical application of new high cholesterol guidelinesto prevent
cardiovascular disease. JAMA 2014 Feb 05;311(5):465-466 [FREE Full text] [doi: 10.1001/jama.2014.110] [Medline:
24496532]

Editorial. Statins for millions more? Lancet 2014 Feb 22;383(9918):669 [FREE Full text] [doi:
10.1016/s0140-6736(14)60240-3]

Godlee F. Adverse effects of statins. BMJ 2014 May 15;348:93306. [doi: 10.1136/bmj.g3306] [Medline: 25134141]
Health literacy, Australia. Cat. No. 4233.0. Australian Bureau of Statistics. 2006. URL : https.//www.abs.gov.au/ausstats/
abs@.nsf/mf/4233.0 [accessed 2022-03-28]

Kutner M, Greenburg E, Jin Y, Paulsen C. The Health Literacy of America's Adults: Results from the 2003 National
Assessment of Adult Literacy. Washington, DC: National Center for Education Statistics; 2006.

Health Literacy The Solid Facts. Geneva: World Health Organization; 2013.

Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health literacy and health outcomes: an updated
systematic review. Ann Intern Med 2011 Jul 19;155(2):97-107. [doi: 10.7326/0003-4819-155-2-201107190-00005] [Medline:
21768583]

Gauld R, Williams S. Use of theinternet for health information: a study of Australiansand New Zealanders. Inform Health
Soc Care 2009 Sep 13;34(3):149-158 [FREE Full text] [doi: 10.1080/17538150903102448] [Medline: 19670005]

Burns P, Jones SC, Caputi P, Iverson D. Are older Australians with chronic diseases online? Health Promot J Austr 2018
Apr 1;29(1):72-78 [FREE Full text] [doi: 10.1002/hpja.5] [Medline: 29700931]

Cheng C, Dunn M. Health literacy and theinternet: a study on the readability of Australian online health information. Aust
N Z J Public Health 2015 Aug;39(4):309-314 [FREE Full text] [doi: 10.1111/1753-6405.12341] [Medline: 25716142]
Tools for promoting health literacy: assessing readability. Government of South Australia. URL: https://www.

sahedl th.sa.gov.au/wps/wem/connect/fch907004e455125ab8esf 8ba24f 3dbY/HL T-AssessingReability-T7-PHCS-SQ20130118.
pdf ?M OD=A JPERES& CACHEID=ROOTWORK SPACE-fch907004e455125ah8eaf 8ba24f 3db9-nK K xi3l [accessed
2022-03-19]

Bonner C, Bell K, Jansen J, Glasziou P, Irwig L, Doust J, et al. Should heart age cal culators be used a ongside absolute
cardiovascular disease risk assessment? BMC Cardiovasc Disord 2018 Feb 07;18(1):19 [FREE Full text] [doi:
10.1186/s12872-018-0760-1] [Medline: 29409444]

Neufingerl N, Cobain MR, Newson RS. Web-based self-assessment health tools: who are the users and what is the impact
of missing input information? J Med Internet Res 2014 Sep 26;16(9):€215 [FREE Full text] [doi: 10.2196/jmir.3146]
[Medline: 25261155]

Patel RS, Lagord C, Waterall J, Moth M, Knapton M, Deanfield JE. Online self-assessment of cardiovascular risk using
the Joint British Societies (JBS3)-derived heart age tool: a descriptive study. BMJ Open 2016 Sep 28;6(9):e011511 [FREE
Full text] [doi: 10.1136/bmjopen-2016-011511] [Medline: 27683512]

https:/cardio.jmir.org/2022/1/e34142 JMIR Cardio 2022 | vol. 6 | iss. 1 | €34142 | p. 19

(page number not for citation purposes)


http://www.bmj.com/lookup/pmidlookup?view=long&pmid=28536104
http://dx.doi.org/10.1136/bmj.j2099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28536104&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/HYP.0000000000000066?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/HYP.0000000000000066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29133354&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-12-398
http://dx.doi.org/10.1186/1471-2458-12-398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22657090&dopt=Abstract
https://onlinelibrary.wiley.com/doi/full/10.5694/mja15.01004
http://dx.doi.org/10.5694/mja15.01004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27125809&dopt=Abstract
http://dx.doi.org/10.1093/qjmed/hcq122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20685842&dopt=Abstract
http://informahealthcare.com/doi/abs/10.1185/03007990902846423
http://dx.doi.org/10.1185/03007990902846423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19323611&dopt=Abstract
http://www.racgp.org.au/afp/200905/31511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19458809&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2011.09.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22264843&dopt=Abstract
https://jamanetwork.com/journals/jama/fullarticle/1820441
http://dx.doi.org/10.1001/jama.2014.110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24496532&dopt=Abstract
http://www.thelancet.com/article/S0140673614602403/fulltext
http://dx.doi.org/10.1016/s0140-6736(14)60240-3
http://dx.doi.org/10.1136/bmj.g3306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25134141&dopt=Abstract
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4233.0
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4233.0
http://dx.doi.org/10.7326/0003-4819-155-2-201107190-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21768583&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/17538150903102448
http://dx.doi.org/10.1080/17538150903102448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19670005&dopt=Abstract
https://onlinelibrary.wiley.com/doi/full/10.1002/hpja.5
http://dx.doi.org/10.1002/hpja.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29700931&dopt=Abstract
https://onlinelibrary.wiley.com/doi/full/10.1111/1753-6405.12341
http://dx.doi.org/10.1111/1753-6405.12341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25716142&dopt=Abstract
https://www.sahealth.sa.gov.au/wps/wcm/connect/fcb907004e455125ab8eaf8ba24f3db9/HLT-AssessingReability-T7-PHCS-SQ20130118.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-fcb907004e455125ab8eaf8ba24f3db9-nKKxi3l
https://www.sahealth.sa.gov.au/wps/wcm/connect/fcb907004e455125ab8eaf8ba24f3db9/HLT-AssessingReability-T7-PHCS-SQ20130118.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-fcb907004e455125ab8eaf8ba24f3db9-nKKxi3l
https://www.sahealth.sa.gov.au/wps/wcm/connect/fcb907004e455125ab8eaf8ba24f3db9/HLT-AssessingReability-T7-PHCS-SQ20130118.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-fcb907004e455125ab8eaf8ba24f3db9-nKKxi3l
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-018-0760-1
http://dx.doi.org/10.1186/s12872-018-0760-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29409444&dopt=Abstract
https://www.jmir.org/2014/9/e215/
http://dx.doi.org/10.2196/jmir.3146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25261155&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27683512
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27683512
http://dx.doi.org/10.1136/bmjopen-2016-011511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27683512&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Bonner et &

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Bonner C, Raffoul N, BattagliaT, Mitchell J, Batcup C, Stavreski B. Experiences of anational web-based heart age cal culator
for cardiovascular disease prevention: user characteristics, heart age results, and behavior change survey. JMed Internet
Res 2020 Aug 07;22(8):€19028 [FREE Full text] [doi: 10.2196/19028] [Medline: 32763875]

Bonner C, Fajardo MA, Hui S, Stubbs R, Trevena L. Clinical validity, understandahility, and actionability of online
cardiovascular disease risk calculators: systematic review. J Med Internet Res 2018 Feb 01;20(2):e29 [FREE Full text]
[doi: 10.2196/jmir.8538] [Medline: 29391344]

Bonner C, Patel P, Fajardo M, Zhuang R, Trevena L. Online decision aids for primary cardiovascular disease prevention:
systematic search, evaluation of quality and suitability for low health literacy patients. BMJOpen 2019 Mar 13;9(3):€025173
[FREE Full text] [doi: 10.1136/bmjopen-2018-025173] [Medline: 30872547]

Smith S, Trevena L, Simpson J, Barratt A, Nutbeam D, McCaffery K. A decision aid to support informed choices about
bowel cancer screening among adults with low education: randomised controlled trial. BMJ 2010 Oct 26;341:¢5370 [FREE
Full text] [doi: 10.1136/bmj.c5370] [Medline: 20978060]

Agency for Healthcare Research and Quality. In: Health Literacy Universal Precautions Toolkit, 2nd Edition. Rockville,
MD: Agency for Healthcare Research and Quality; 2015.

Ayre J, Bonner C, Cveic E, McCaffery K. Randomized trial of planning tools to reduce unhealthy snacking: implications
for health literacy. PLoS One 2019 Jan 17;14(1):e0209863 [ FREE Full text] [doi: 10.1371/journal.pone.0209863] [Medline:
30653531]

Bonner C, McKinn S, Lau A, Jansen J, Doust J, TrevenaL, et al. Heuristics and biasesin cardiovascul ar disease prevention:
how can we improve communication about risk, benefits and harms? Patient Educ Couns 2018 May;101(5):843-853. [doi:
10.1016/j.pec.2017.12.003] [Medline: 29269097]

Trevenal, Zikmund-Fisher B, Edwards A, Gaissmaier W, Galesic M, Han P, et al. Presenting quantitative information
about decision outcomes: a risk communication primer for patient decision aid developers. BMC Med Inform Decis Mak
2013 Nov 29;13(S2) [FREE Full text] [doi: 10.1186/1472-6947-13-s2-57]

Bonner C, TrevenaL, Gaissmaier W, Han P, Okan Y, Ozanne E, et al. Current best practice for presenting probabilitiesin
patient decision aids: fundamental principles. Med Decis Making 2021 Mar 04;41(7):821-833 [FREE Full text] [doi:
10.1177/0272989x21996328]

Trevenal, Bonner C, Okan Y, Peters E, Gaissmaier W, Han P, et a. Current challenges when using numbersin patient
decision aids: advanced concepts. Med Decis Making 2021 Mar 04;41(7):834-847 [EREE Full text] [doi:
10.1177/0272989x21996342]

Juraskoval, Butow P, Bonner C, Bell M, Smith A, Seccombe M, et a. Improving decision making about clinical tria
participation - arandomised controlled trial of a decision aid for women considering participation in the IBIS-I1 breast
cancer prevention trial. Br J Cancer 2014 Jul 08;111(1):1-7 [FREE Full text] [doi: 10.1038/bjc.2014.144] [Medline:
24892447)

Stacey D, Légaré F, Lewis K, Barry M, Bennett C, Eden K, et a. Decision aids for people facing health treatment or
screening decisions. Cochrane Database Syst Rev 2017 Apr 12;4:CD001431 [FREE Full text] [doi:
10.1002/14651858.CD001431.pub5] [Medline: 28402085]

Bonner C, Fajardo MA, Doust J, McCaffery K, Trevena L. Implementing cardiovascular disease prevention guidelines to
translate evidence-based medicine and shared decision making into general practice: theory-based intervention devel opment,
qualitative piloting and quantitative feasibility. Implement Sci 2019 Aug 30;14(1):86 [FREE Full text] [doi:
10.1186/s13012-019-0927-x] [Medline: 31466526]

CHAT-GP: improving communication about heart disease risk in general practice. University of Sydney. URL: https:/
[auscvdrisk.com.au/ [accessed 2022-03-19]

WEells S, Kerr A, Eadie S, Wiltshire C, Jackson R. "Your Heart Forecast': anew approach for describing and communicating
cardiovascular risk? Heart 2010 May 27;96(9):708-713. [doi: 10.1136/hrt.2009.191320] [Medline: 20424153]

Sydney Health Literacy Lab (SHLL) Health Literacy Editor. University of Sydney. URL: https://ses.library.usyd.edu.au/
handle/2123/24642 [accessed 2022-03-19]

Armitage CJ. A volitional help sheet to encourage smoking cessation: arandomized exploratory trial. Health Psychol 2008
Sep;27(5):557-566. [doi: 10.1037/0278-6133.27.5.557] [Medline: 18823182]

Armitage C, Arden M. A volitional help sheet to increase physical activity in people with low socioeconomic status: a
randomised exploratory trial. Psychol Health 2010 Dec;25(10):1129-1145 [FREE Full text] [doi:
10.1080/08870440903121638] [Medline: 20309777]

Prestwich A, Webb T, Sheeran P, Gollwitzer P. Implementation intentions. In: Predicting Health Behaviour Research and
Practice with Social Cognition Models. Maidenhead: Open University Press; 2005.

Australian absolute cardiovascular disease risk calculator. Australian Chronic Disease Prevention Alliance. URL: https./
/www.cvdcheck.org.au/ [accessed 2022-03-19]

Physical activity and exercise. The Heart Foundation. URL : https.//www.heartf oundati on.org.au/Heart-heal th-education/
physical-activity-and-exercise [accessed 2022-03-19]

Smoking and your heart. The Heart Foundation. URL : https://www.heartf oundation.org.au/Heart-heal th-education/
Smoking-and-your-heart [accessed 2022-03-19]

https:/cardio.jmir.org/2022/1/e34142 JMIR Cardio 2022 | vol. 6 | iss. 1 | €34142 | p. 20

(page number not for citation purposes)


https://www.jmir.org/2020/8/e19028/
http://dx.doi.org/10.2196/19028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763875&dopt=Abstract
https://www.jmir.org/2018/2/e29/
http://dx.doi.org/10.2196/jmir.8538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29391344&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30872547
http://dx.doi.org/10.1136/bmjopen-2018-025173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30872547&dopt=Abstract
http://europepmc.org/abstract/MED/20978060
http://europepmc.org/abstract/MED/20978060
http://dx.doi.org/10.1136/bmj.c5370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20978060&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0209863
http://dx.doi.org/10.1371/journal.pone.0209863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30653531&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2017.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29269097&dopt=Abstract
http://www.biomedcentral.com/1472-6947/13/S2/S7
http://dx.doi.org/10.1186/1472-6947-13-s2-s7
https://journals.sagepub.com/doi/full/10.1177/0272989X21996328?casa_token=Se8HYVWykOMAAAAA%3AV37rLRD9fCDBLdZANqmhKP3ntGaqp9mnd7KSKicwl-iiUAohPhdQA_EcpqeTKsPxRbi7GmphUexcKdE
http://dx.doi.org/10.1177/0272989x21996328
https://journals.sagepub.com/doi/full/10.1177/0272989X21996342?casa_token=ipvZWrORrLMAAAAA%3ASr013SKipy50xE1pleLbYXj1zlcYC1RdPtR18jMu66LbBp3-UGfWvENVv29I_0rDRMQLhhVZwJRIr1Y
http://dx.doi.org/10.1177/0272989x21996342
http://europepmc.org/abstract/MED/24892447
http://dx.doi.org/10.1038/bjc.2014.144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24892447&dopt=Abstract
http://europepmc.org/abstract/MED/28402085
http://dx.doi.org/10.1002/14651858.CD001431.pub5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28402085&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-019-0927-x
http://dx.doi.org/10.1186/s13012-019-0927-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31466526&dopt=Abstract
https://auscvdrisk.com.au/
https://auscvdrisk.com.au/
http://dx.doi.org/10.1136/hrt.2009.191320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20424153&dopt=Abstract
https://ses.library.usyd.edu.au/handle/2123/24642
https://ses.library.usyd.edu.au/handle/2123/24642
http://dx.doi.org/10.1037/0278-6133.27.5.557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18823182&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/08870440903121638
http://dx.doi.org/10.1080/08870440903121638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20309777&dopt=Abstract
https://www.cvdcheck.org.au/
https://www.cvdcheck.org.au/
https://www.heartfoundation.org.au/Heart-health-education/physical-activity-and-exercise
https://www.heartfoundation.org.au/Heart-health-education/physical-activity-and-exercise
https://www.heartfoundation.org.au/Heart-health-education/Smoking-and-your-heart
https://www.heartfoundation.org.au/Heart-health-education/Smoking-and-your-heart
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Bonner et &

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

Healthy eating to protect your heart. The Heart Foundation. URL : https://www.heartfoundation.org.au/heart-heal th-education/
healthy-eating [accessed 2022-03-19]

Armitage C, Conner M. Efficacy of the Theory of Planned Behaviour: a meta-analytic review. Br J Soc Psychol 2001
Dec;40(Pt 4):471-499. [doi: 10.1348/014466601164939] [Medline: 11795063]

Smith BJ, Marshall AL, Huang N. Screening for physical activity in family practice: evaluation of two brief assessment
tools. Am J Prevent Med 2005;29(4):256-264. [doi: 10.1016/j.amepre.2006.01.008]

O'HaraBJ, Phongsavan P, Eakin E, Develin E, Smith J, Greenaway M, et a. Effectiveness of Australia's Get Healthy
Information and Coaching Service: maintenance of self-reported anthropometric and behavioural changes after program
completion. BMC Public Health 2013 Feb 26;13:175 [FREE Full text] [doi: 10.1186/1471-2458-13-175] [Medline: 23442338]
Allen Catdllier JR, Yang ZJ. Trust and affect: how do they impact risk information seeking in a health context? J Risk Res
2012 Sep;15(8):897-911 [FREE Full text] [doi: 10.1080/13669877.2012.686048]

Scherer LD, Ubel PA, McClure J, Greene SM, Alford SH, Holtzman L, et a. Belief in numbers: when and why women
disbelieve tailored breast cancer risk statistics. Patient Educ Couns 2013 Aug;92(2):253-259 [FREE Full text] [doi:
10.1016/j.pec.2013.03.016] [Medline: 23623330]

Légaré F, Kearing S, Clay K, Gagnon S, D'Amours D, Rousseau M, et a. Are you SURE?: assessing patient decisional
conflict with a4-item screening test. Can Fam Physician 2010 Aug;56(8):e308-e314 [FREE Full text] [Medline: 20705870]
Powers B, Trinh JV, Bosworth HB. Can this patient read and understand written health information? JAMA 2010 Jul
07,304(1):76-84 [FREE Full text] [doi: 10.1001/jama.2010.896] [Medline: 20606152]

Weiss B, Mays M, Martz W, Castro K, DeWalt D, Pignone M, et al. Quick assessment of literacy in primary care: the
newest vital sign. Ann Fam Med 2005;3(6):514-522 [FREE Full text] [doi: 10.1370/afm.405] [Medline: 16338915]
Muscat D, Smith J, Mac O, Cadet T, Giguere A, Housten A, et a. Addressing health literacy in patient decision aids: an
update from the international patient decision aid standards. Med Decis Making 2021 May 29;41(7):848-869 [ FREE Full
text] [doi: 10.1177/0272989x211011101]

Yen R, Smith J, Engel J, Muscat D, Smith S, Mancini J, et a. A systematic review and meta-analysis of patient decision
aids for socially disadvantaged populations: update from the international patient decision aid standards (IDPAS). Med
Decis Making 2021 Jun 21;41(7):870-896 [FREE Full text] [doi: 10.1177/0272989x211020317]

Ayre J, Cvgjic E, Bonner C, Turner R, Walter S, McCaffery K. Effects of health literacy, screening, and participant choice
on action plans for reducing unhealthy snacking in Australia: arandomised controlled trial. PLoS Med 2020
Nov;17(11):e1003409 [FREE Full text] [doi: 10.1371/journal.pmed.1003409] [Medline: 33141834]

Kulendrargjah B, Grey A, Nunan D. How effective are 'age’ tools at changing patient behaviour? A rapid review. BMJEvid
Based Med 2020 Apr;25(2):1-2 [FREE Full text] [doi: 10.1136/bmjebm-2019-111244] [Medline: 31558486]

Bonner C, Batcup C, Cornell S, Fajardo M, Hawkes A, TrevenaL, et al. Interventions using heart age for cardiovascular
disease risk communication: systematic review of psychological, behavioral, and clinical effects. IMIR Cardio 2021 Nov
05;5(2):€31056 [FREE Full text] [doi: 10.2196/31056] [Medline: 34738908]

Bonner C, Jansen J, Newell BR, Irwig L, Glasziou B, Doust J, et al. | don't believe it, but 1'd better do something about it:
patient experiences of online heart agerisk calculators. JMed Internet Res 2014 May 05;16(5):€120 [FREE Full text] [doi:
10.2196/jmir.3190] [Medline: 24797339]

Abbreviations

CONSORT: Consolidated Standards of Reporting Trials
CVD: cardiovascular disease

DA: decision aid

GP: general practitioner

IRR: incident rateratio

Edited by T Leung; submitted 07.10.21; peer-reviewed by E Hass, M Kopka; comments to author 16.12.21; revised version received
10.02.22; accepted 05.03.22; published 15.04.22

Please cite as:

Bonner C, Batcup C, Ayre J, Cvejic E, Trevena L, McCaffery K, Doust J

The Impact of Health Literacy—Sensitive Design and Heart Age in a Cardiovascular Disease Prevention Decision Aid: Randomized
Controlled Trial and End-User Testing

JMIR Cardio 2022;6(1):€34142

URL: https://cardio.jmir.org/2022/1/€34142

doi: 10.2196/34142

PMID:

https:/cardio.jmir.org/2022/1/e34142 JMIR Cardio 2022 | vol. 6 | iss. 1 | €34142 | p. 21

RenderX

(page number not for citation purposes)


https://www.heartfoundation.org.au/heart-health-education/healthy-eating
https://www.heartfoundation.org.au/heart-health-education/healthy-eating
http://dx.doi.org/10.1348/014466601164939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11795063&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2006.01.008
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-175
http://dx.doi.org/10.1186/1471-2458-13-175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23442338&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/13669877.2012.686048
http://dx.doi.org/10.1080/13669877.2012.686048
http://europepmc.org/abstract/MED/23623330
http://dx.doi.org/10.1016/j.pec.2013.03.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23623330&dopt=Abstract
http://www.cfp.ca/cgi/pmidlookup?view=long&pmid=20705870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20705870&dopt=Abstract
https://jamanetwork.com/journals/jama/fullarticle/186175
http://dx.doi.org/10.1001/jama.2010.896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20606152&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=16338915
http://dx.doi.org/10.1370/afm.405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16338915&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/0272989X211011101
https://journals.sagepub.com/doi/abs/10.1177/0272989X211011101
http://dx.doi.org/10.1177/0272989x211011101
https://journals.sagepub.com/doi/abs/10.1177/0272989X211020317
http://dx.doi.org/10.1177/0272989x211020317
https://dx.plos.org/10.1371/journal.pmed.1003409
http://dx.doi.org/10.1371/journal.pmed.1003409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33141834&dopt=Abstract
https://ebm.bmj.com/content/25/2/1.5
http://dx.doi.org/10.1136/bmjebm-2019-111244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31558486&dopt=Abstract
https://cardio.jmir.org/2021/2/e31056/
http://dx.doi.org/10.2196/31056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34738908&dopt=Abstract
https://www.jmir.org/2014/5/e120/
http://dx.doi.org/10.2196/jmir.3190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24797339&dopt=Abstract
https://cardio.jmir.org/2022/1/e34142
http://dx.doi.org/10.2196/34142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Bonner et &

©Carissa Bonner, Carys Batcup, Julie Ayre, Erin Cvejic, Lyndal Trevena, Kirsten McCaffery, Jenny Doust. Originally published
in IMIR Cardio (https://cardio.jmir.org), 15.04.2022. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Cardio, is properly cited. The complete

bibliographic information, a link to the original publication on https://cardio.jmir.org, as well as this copyright and license
information must be included.

https:/cardio.jmir.org/2022/1/e34142 JMIR Cardio 2022 | vol. 6 | iss. 1 | €34142 | p. 22

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

