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Abstract

Background: Cardiovascular disease (CVD) risk communication is a challenge for clinical practice, where physicians find it
difficult to explain the absolute risk of a CVD event to patients with varying health literacy. Converting the probability to heart
age isincreasingly used to promote lifestyle change, but arapid review of biological age interventions found no clear evidence
that they motivate behavior change.

Objective: Inthisreview, we aim to identify the content and effects of heart age interventions.

Methods: We conducted a systematic review of studies presenting heart age interventionsto adultsfor CV D risk communication
in April 2020 (later updated in March 2021). The Johanna Briggs risk of bias assessment tool was applied to randomized studies.
Behavior change techniques described in the intervention methods were coded.

Results: From atotal of 7926 results, 16 eligible studies were identified; these included 5 randomized web-based experiments,
5 randomized clinical trials, 2 mixed methods studies with quantitative outcomes, and 4 studies with qualitative analysis. Direct
comparisons between heart age and absolute risk in the 5 web-based experiments, comprising 5514 consumers, found that heart
age increased positive or negative emotional responses (4/5 studies), increased risk perception (4/5 studies; but not necessarily
more accurate) and recall (4/4 studies), reduced credibility (2/3 studies), and generally had no effect on lifestyle intentions (4/5
studies). One study compared heart age and absolute risk to fitness age and found reduced lifestyle intentions for fitness age.
Heart age combined with additional strategies (eg, in-person or phone counseling) in applied settings for 9582 patients improved
risk control (eg, reduced cholesterol levels and absolute risk) compared with usual care in most trials (4/5 studies) up to 1 year.
However, clinical outcomes were no different when directly compared with absolute risk (1/1 study). Mixed methods studies
identified consultation time and content asimportant outcomesin actual consultations using heart agetools. There were differences
between people receiving an older heart age result and those receiving a younger or equal to current heart age result. The heart
age interventionsincluded awide range of behavior change techniques, and conclusions were sometimes biased in favor of heart
age with insufficient supporting evidence. The risk of bias assessment indicated issues with all randomized clinical trials.
Conclusions: The findings of this review provide little evidence that heart age motivates lifestyle behavior change more than
absolute risk, but either format can improve clinical outcomes when combined with other behavior change strategies. The label
for the heart age concept can affect outcomes and should be pretested with theintended audience. Future research should consider
consultation time and differentiate between results of older and younger heart age.
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Introduction

Background

Cardiovascular disease (CV D) risk communication isachallenge
for clinical practice, where physiciansfind it difficult to explain
the absolute percentage risk of a CVD event to patients with
varying health literacy [1,2]. Absolute risk calculators are
recommended in clinical guidelines around the world as the
best way to predict the risk of a CVD event over a relatively
short period, by incorporating both modifiable (eg, smoking,
blood pressure, and cholesterol levels) and nonmodifiable (eg,
age and gender) risk factors[3-6]. These calculators are designed
to determine whether preventive medication should commence,
which is generaly recommended for high risk and low risk
categories. They are not designed to motivate or determinewhen
to commence lifestyle changes, as thisis recommended for all
risk categories. For example, smoking cessation should always
be recommended for a person who smokes, regardless of the
calculated absolute risk. However, the implementation of
absolute risk calculators has been poor, and communication
barriers have been identified as one reason for this [2,7-10].
One proposed solution is to use more intuitive and motivating
risk communication concepts rather than abstract probabilities
[11,12]. Heart age has been suggested as an dternative to
absolute percentage risk of aCVD event and can be calculated
by comparing an individual’s absolute risk over 5 or 10 years
with ideal risk factors (eg, blood pressure of 120/80 mm Hg)
or the average for their age or gender category [11].

Heart age tools are increasingly used to promote behavior
change around the world, including clinical contexts and
web-based consumer resources. They have not generally been
used to guide decisions to commence medication in the same
way that absoluterisk cal culators have, athough the Joint British
Societies (JBS)-3 guidelinesin the United Kingdom do suggest
that older heart age may be considered as a reason to initiate
medication [3]. Following clinical trids of the lung age and
heart age concepts, the World Heart Federation collaborated
with Unilever for an international promotion to at least 2.7
million consumersin 2009 [13]. Sincethen, heart age tools have
also been promoted to support clinical guidelinesin the United
Kingdom, New Zealand, and Australia, reaching millions more
through nonprofits and health services[14,15]. However, despite
this mass appeal, there is no clear evidence that such tools
actually motivate behavior change. A review of CVD risk
communication in 2011 identified heart age as a potentialy
useful concept that requiresfurther research [12]. A 2016 review
of vascular age conceptsin clinical applications found limited
trials testing the effects of communicating this concept [16],
but a recent rapid review in 2020 highlighted the increasing
number of studies on age-based risk formats, suggesting there
may now be more evidence available [17].

Heart age tools vary widely in terms of their underlying risk
models and results, with the possibility of receiving an older
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heart age on one calculator but ayounger result on another [18].
This is because the tools have different underlying algorithms
to assess CVD event risk (eg, Framingham vs QRISK), and
different thresholds for comparing an individual’s result with
ideal or average risk factors (eg, systolic blood pressure may
be compared with 120 for ideal vs 125 for average). Another
factor isthat many people do not know their blood pressure or
cholesterol levels, and different techniques are used to estimate
this (eg, BMI or population average) [13].

In addition to the underlying algorithms, the way heart age
results are explained can come in many forms. The Australian
heart age calculator isrelatively simple with asingle heart age
result and prompts an individual to see a physician for a more
accurate risk assessment [14]. UK-based heart age calculators
include numerous risk communication formats, including the
percentage chance of a heart attack or stroke over 10 years or
a lifetime, estimated life expectancy, and graphical displays
[15]. Heart age tools are often linked to further lifestyle change
messages [14], but research on heart age interventions has not
differentiated well between these components, despite the fact
that they represent different behavior change techniques—the
active ingredients of behavioral interventions [19]. Heart age
interventions may range from a simple one-off message frame
(eg, communicating risk as older heart age without any further
information) to complex programsinvolving health professional
counseling and goal-setting or monitoring of heart age over
time.

Objectives

Previous reviews relating to the heart age concept have been
descriptive about the models [16,20] or concepts but have not
made a distinction between the comparison groupsinvolved in
trials (eg, heart age vs standard care or absolute risk [12,17]),
have not clearly identified the behavior change techniques
included within heart age interventions [12,17,20], or have not
included qualitative studiesthat may provide additional insights
into why these tools are so widely used in spite of limited
evidence for their effectiveness [16,17,20]. The aim of this
systematic review isto identify the content and effects of heart
age interventions presented to patients or consumers for the
purpose of CVD risk communication in detail, in order to shed
light on mixed evidence of their effectiveness.

Methods

Our methods protocol was prepublished on the preprint server
medRxiv [21] (not peer-reviewed).

Eligibility Criteria
Studies were considered eligible if they met the following
criteria:

1. Published from the inception of the database to April 2020
(this was later updated to March 2021) in peer-reviewed
journals.
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2. Population: used an adult population (over 18 years of age)
or, if not explicit regarding age, are clear that participants
were not children.

3. Intervention: present the concept of heart age to patients
or consumersfor the purpose of CVD risk communication,
inany setting, including general practices, hospitals, health
clinics or community centers, workplaces, or on the web.
Thisincluded both simple message frame experiments and
complex programs in applied settings.

4. Comparators: we placed no restrictions on whether a
comparison or control group was used.

5. Qutcomes: report qualitative themes or quantitative
outcomes related to psychological or behavioral responses
to heart age, including clinical outcomes.

Studies that were not peer-reviewed journal articles, such as
conference proceedings, dissertations, or government reports,
were excluded. Protocol papers, opinion papers, reviews,
web-based user descriptions, and heart age algorithm
development or validation were excluded. Some studies applied
a heart age agorithm to population data or individual patients
asan outcome, but the resultswere not conveyed to individual's,
so thesewere excluded. Studiesthat presented heart age to adults
but did not measure outcomes or collect qualitative data were
also excluded.

I nformation Sources

The following databases were searched: the Cochrane Central
Register of Controlled Trials (via OvidSP), MEDLINE (via
OvidSP), Embase (via OvidSP), and PsycINFO (via OvidSP)
up to March 2021. The search terms are based on an earlier
vascular age review in 2016, with additional free text terms
based on known relevant papers. The full list of termsis based
on a previous review and includes (vascular, vessdl, arterial,
heart, cardiovascular, coronary, risk AND age, ages, ageing,
or aging), OR heart forecast, and limited to human studies. We
then searched the citations and references of the final included
studiesand 2 previous reviews of vascular age modelsand more
general age-related risk concepts. We also included any papers
mentioned on publicly accessible heart age websites.

Data M anagement

We downloaded the references identified in the searches
(electronic databases and additional searches) into Microsoft
Excel. Duplicates were then removed, and 2 reviewers (SC and
C Batcup) screened the titles and abstracts of each study to
determine whether they should beincluded. Discrepancieswere
resolved by discussion with C Bonner.

Selection Process

The screening process was undertaken by 2 review authors (C
Batcup and SC). Each reviewer independently assessed astudy’s
suitability to beincluded in the review by marking against each
study on an Excel spreadsheet, which contained the title and
abstract. Studies that did not meet the inclusion criteria were
excluded. We obtained the full text of the remaining papersand
then assessed the remaining papers against the full inclusion
termsfor the review to determine their eigibility for inclusion.
Non-English language papersweretrandated into English using
Google Trandate and verified for inclusion or exclusion by
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speakers of the relevant language. The review authors resolved
disagreements through a consensus-based decision-making
process or, when necessary, discussion with a third review
author (C Bonner). Two Japanese language studies were
considered for inclusion but deemed ineligible by an author
who could read Japanese (JD).

Data Extraction

Two review authors (C Batcup and SC) completed web-based
training to apply the behavior change technique taxonomy to
published methods and used a predefined data extraction form
to collect datafrom the included studies. Reviewers piloted the
data extraction form with asample of included papers; however,
no amendments were made. An Excel database was used to
extract quantitative and qudlitative data from the included
studies.

Quantitative data extracted included year, country, study design,
study population (age, education, socioeconomic status, health
literacy, race or culture or ethnicity), number of participants,
intervention format (web or paper based), comparison groups
(standard care or absolute risk alone), clinical measures (blood
pressure, cholesterol levels, weight, BMI, waist circumference,
and prescribed medications), behavioral measures (medication
adherence, lifestyle intentions or self-report), psychological
measures (probabilistic or evaluative risk perceptions, positive
or negative emotional responses, credibility, and recall), and a
summary of significant effects of heart age communication.

Qualitative data extracted included behavioral themes (eg,
lifestyle change), psychological themes (eg, emotional reaction),
stated benefits of heart age (eg, motivates peopleto take action),
and stated problems with heart age (eg, reduced credibility).

Intervention content data included additiona risk
communication formats (eg, absolute risk, risk level, graphs),
underlying model (eg, 5-year or 10-year CVD risk model), and
behavior change techniques (eg, email prompts or action plans)
coded based on the taxonomy of 93 techniques by Michie et al
[19]. This was done based on the methods published in the
results paper and any referenced protocol papers.

Risk of bias assessment included randomized studies that were
critically appraised independently by 2 review authors (MF, C
Bonner, or C Batcup if C Bonner was an author) using the
relevant Johanna Briggs I nstitute toolsfor the study design [22].
Disagreement was resolved by discussion, with decisions applied
consistently where there was a common methodology, for
example, if the participants were randomized on a computer,
was allocation to groups concealed was marked as not
applicable (N/A). Similarly, as all participantsin al the papers
could see the risk communication format they were allocated
to, al were marked as No for being blind to treatment
assignment.

Results

Overview

Figure 1 shows the search process and results. In April 2020,
5839 database results and 159 references from previousreviews
were assessed for eligibility, and in March 2021, an additional
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543 database results and 1385 citations and references were
reviewed. From 7626 total results, 16 eligible studies were
identified with heterogeneous study designs and outcomes, and
the results are reported below by study type: 5 randomized
web-based experiments comparing heart age with percentage
risk, 5 randomized clinical trials with mixed interventions, 2
mixed methods studies with quantitative outcomes, and 4

Bonner et a

qualitative studies. Study details and outcomes are summarized
by study category in Tables 1-3. Multimedia Appendix 1[23-32]
provides details about the measures used in each study, and
Multimedia Appendix 2 [14,23-37] provides details of behavior
change techniques included in the control versus intervention
groups.

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) diagram.
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Table 1. Randomized web-based experiments directly comparing heart age with absolute risk.

Study details  Intervention Comparison CVD?%riskago- Participants  Principal findings
format groups rithm
Soureti et a Web-based 1. 10-year per-  Framingham 413; 209in Intentionsto change behavior: no significant differences
(2010) [23]; 2- questionnaire,  centagerisk percentage in intention to stop smoking, improve diet, or increase
amRCT?in postintervention 5 egrt age risk, 204 in physical activity between heart age and percentage risk
the United outcomes heart age; groups. Higher worry and identifying the information
Kingdom aged 30-60 as awake-up call were significantly correlated with
years overdl intention to change behavior.
Risk perceptions: no difference in average risk percep-
tion between heart age and percentage risk groups.
Higher worry and identifying theinformation as awake-
up call were significantly correlated with risk percep-
tions.
Emotional response: no differencein termsof levels of
worry or perceiving the information as a wake-up call
between heart age and percentage risk groups. For
younger participantswith higher levels of risk, the heart
age group was more likely to have aworried response
and perceive the message to be awake-up call than the
percentage risk group. The 2 items were aso highly
correlated.
Credibility: no difference in credibility between heart
age and percentage risk groups.
Wittemaneta  Web-based 1. 10-year per-  Framingham 3630, numbers Intentions to change behavior: no difference between
(2014) [24]; 2- questionnaire,  centagerisk in each group heart age and no heart age on quitting smoking, exercis-
amRCT inthe postintervention 5 10.year per- not given, ing, eating a DASH® diet, losing weight, and seeing a
United States  outcomes centagerisk and aged 35-74 physician in the next 30 days.
heart age years, mean
53 (SD 10)
years
Bonner et a Web-based 1. 5-year per- Framingham 570; 281 in Intentions to change behavior: for intention to change
(2015) [25]; 2% questionnaire.  centagerisk: (&) percentage lifestyle (diet, physical activity, smoking, and the aver-
3factorial de-  Participants text only; (b) risk and 289 age of these), there were no significant differences be-
sign RCT in shown either 5-  text + bar in heart age; tween the heart age and percentage risk groups.
Australia year absolute graph; (c) text + aged 45-64 Self-reported behavior change: at 2-week follow-up,
risk or heart line graph years; mean no differences were found between heart age and per-
age, and within - o et age: () 54 (SD 6) centage risk groups (adequate diet, adequate physical
that different  ext only; (b) years activity, smokers, or making a GPd appointment for
textand visual  text + bar CVD risk assessment).
formats. Postin- - grann: (c) text + Risk perceptions: heart age was more likely to be per-
tervention out-  |ine graph ceived as indicating moderate or high risk compared
comes and fol- with percentage risk, even though the sample was pre-
lowed up onthe dominantly low risk (P<.001).
web 2 weeks Emotional response: the heart age group had aless
later positive emotional responseto the risk result compared

with the percentage risk group (P<.001). No difference
in negative emotional response.

Credibility: lower perceived credibility for the heart
age group vs the percentage risk group (P<.001).
Recall: there was no difference in recall immediately
postintervention. However, thosein the heart age group
are significantly more likely to correctly recall their
exact result after 2 weeks (32%) vs percentage risk
group (16%; P<.001).
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Study details  Intervention Comparison CVD?%riskago- Participants  Principal findings
format groups rithm
Dammaneta  Web-based 1. Infographics  Framingham 727;151inin- « Intentionsto change behavior: mixed results: intention
(2018) [26]; questionnaire  of 10-year risk fographics to visit GP (P=.02) and to become more physically ac-
2x2 factoria (hypothetical information (a) alone, 145in tive (P=.01) were significantly different between per-
design RCT in  results). Postin-  aoneor (b) infographics centagerisk and heart age (morelikely to if seeing heart
the Netherlands tervention out-  with arisk per- plusrisk per- age) but no difference for eating more healthily and
comes centage and centage, 133 using medication.
icon array inrisk text »  Risk perceptions: heart age perceived risk as higher:
2 Text of risk aone, 168in more likely to experience aCVD event (P=.003), saw
information (a) risk text plus their risk as higher chance (P=.004), and overall com-
aoneor (b) risk percent- prehended their risk ashigher (eg, serious consequences,
with arisk per- age, 130in means something is going on with my health; P=.02).
centage and heart age; +  Credibility: intermsof thinking theinformationisclear,
icon array aged 45-65 relevant, useable, redlistic, etc, no difference between
years percentage risk and heart age, apart from the fact that
3. Heart age the information is helpful (P=.03).
with infograph-
ics «  Emotional response: worry was significantly higher in
the heart age group (P=.02), positive affect was no dif-
ferent, and negative affect was significantly higher in
the heart age group (P=.002).

« Recall: those with heart age were correct in recalling
their heart age 60.8% of the time vs 55.2% of thetime
for percentagerisk (not asignificant difference). How-
ever, the heart age group was significantly (P=.008)
more likely to recall the verbal label (increased
risk—66.2% vs 50.3%). There were no significant dif-
ferencesin recall of the causes, timeline, or conse-
quences of their risk result.

Van Der Pol- Web-based 1. Lifetimeper- Providedwith  174;53inper- «  Intentionsto change behavior: fitness age group had

Harney et a questionnaire.  centage risk either low (5%, centagerisk, lower intentions to change diet and exercise than the

(2021) [27]; 2% Participantsran- 5 Heart age 16 years) or 50in heart heart age group (P=.048), percentage risk group

3factorial de-  domized to one . high (69%, 35 age, 71 infit- (P=.02), and these 2 groups combined (P=.02).

sign RCT in of 3risk com- 3. Fitness age years) lifetime  ness age; «  Risk perceptions: receiving ahigh-risk result was asso-

Australia munication for- risk. High mean age 19 ciated with higher perceived numerical, verbal, and
mats and re- risk=smokeor (SD 2.3) years comparativerisk (acrossall formats). Perceived numer-
ceived low or eat 1 or no serv- ical and comparative risk did not vary greatly with ac-
high risk based ings of fruit per tual risk for those given afitness age; however, those
on self-report day given either a heart age or percentage risk format ex-
lifestyle risk pressed higher perceived risk after being categorized
factors. Postin- as highrisk.

tervention out-
comes

Emotional response: receiving a high-risk result was
associated with greater postintervention worry (for all
formats), more so for smokers.

Credibility: receiving a high-risk result was associated
with lower credibility, across al risk formats. This dif-
ference was greatest in the heart age group. Results
were more likely to be seen as credible for participants
who received results better than expected.

8CVD: cardiovascular disease.

BRCT: randomized clinical trial.
°DASH: Dietary Approaches to Stop Hypertension.
dGp: genera practitioner.
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Table 2. Randomized clinical trialsin applied settings comparing mixed interventions.
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Study details  Intervention Comparison CVD%isk model Participants  Principal findings
format groups
Lowensteynet Physiciansen- 1. Control: usual  Framingham 958; 176 in «  Blood pressure: no difference between changein blood
a (1998) [28]; rolledtheirown care control, 782in pressurein profilegroup vs control group (-2 systolic
RCT?in patients who 2 Intervention: risk profile; in profile group vs—1.2; —0.9 for diastolic in profile
Canada they thought paper-based risk aged 30-74 group vs 0.1).
would benefit profile, including years; mean o  Cholesterol: at the 3-month follow-up, patients who
fromarisk pro-  tpeir 8-year risk age 51 (SD were shown their risk profile had significantly greater
file. Followed  f gevel oping 11) years reductions (P<.05) intotal cholesterol, LDLc, and total
up 3 monthslat- coronary disease, or HDLd cholesterol ratio (after adjusting for group
er and how this risk differences at baseline and clustering for same physi-
would reduce if cian). , _
they changed one . Absc_)l ute risk: Significantly greater |mprovement_| n
or more risk fac- cardiovascular age (P<.01) and 8-year coronary risk
tors. Cardiovascu- (P<.01) compared with the control group (because of
lar age also cholesterol change).
shown. «  Weight: no differencein BMI between groups.
Grover et a Physiciansen- 1. Control: usual Framingham (or 3053 received «  Blood pressure: after 12 months, both systolic
(2007) [29];  rolled their pa- care Cardiovascular  initid interven- (P=.005) and diastolic (P=.01) blood pressure de-
RCTinCana- tients. Basdline o |nigrvention:  Lifé Expectancy  tion: 1510in creased significantly more in the intervention group
da visit, and fol- paper-based risk Model for pa- risk profile Vs usua care.
lowed up at 3, profileincluding tientswith CVD) group and «  Cholesterol: patientswho were shown their risk profile
6,9, and 12 cardiovascular 1543 in con- reduced their LDL cholesterol by 51.2 mg/dL whereas
months age, ongoing trol; mean age inusual careit reduced by 48.0 mg/dL (P=.02). Simi-
feedback on risk 64 (SD 8) larly, total cholesterol (P=.02) and cholesterol ratio
after lifestyle years (P=.002) was significantly more reduced in the inter-
changes or medi- vention group at 1 year. HDL cholesterol wasno more
cation improved in the risk profile group than in the control
group.
« Absoluterisk: significantly greater improvement in
10-year risk of CVD in therisk profile group 12
months later (P<.001).
Lopez-Gonza- Participantsin- 1. Usual care Framingham 2844:975in  «  Self-reported behavior change: physical activity ses-
lezeta terviewedbyre- o Percentage risk usual care, sions per week decreased in control (0.35) but in-
(2013) [30];  searchersand 955in percent- creased to asimilar extent in both risk (0.68) and heart
RCT in Spain  clinical assis- 3. Heart age agerisk, and age groups (0.88; all P<.001). Number of people cur-
tants;, measure- 914 in heart rently smoking increased in control by 0.9%, de-
ments taken. age; mean age creased inrisk by 0.4%, and decreased in heart age
Follow-up mea- 46 (SD 7) by 1.8% (P<.001).
surementstaken years «  Blood pressure: systolic blood pressure reduced by

12 months later

2.31mmHginrisk vs4.37 mmHgin heart age, dias-
tolic reduced by 1.77 mm Hg inrisk and 2.88 mm Hg
in heart age. Control increased in both (1.02 systolic
and 1.21 diastolic; P<.001).

«  Cholesteral: total reduced by 3.36 mg/dL in percentage
risk, 6.54 mg/dL in heart age. HDL increased by 0.47
mg/dL inrisk and 1.27 mg/dL in heart age. Triglyc-
erides reduced by 2.65 mg/dL inrisk and 5.14 mg/dL
in heart age. Control increased in both total (5.36) and
triglycerides (4.38) and decreased in HDL (0.92; all
P<.001).

«  Weight: weight decreased by 0.22 kg inrisk, 0.77 kg
in heart age. Control increased by 0.72 kg (P<.001).
BMI reduced by 0.11 inrisk, 0.27 in heart age. Control
increased by 0.25. Overall difference between 3
groups (P<.001). Waist circumference reduced by
0.05 cminrisk, 0.15 cmin heart age. Control in-
creased by 0.13 cm (P<.001).
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Study details  Intervention Comparison CVD%risk model Participants  Principal findings
format groups
Naslundeta  Participants 1. Control: com-  Framingham 3532; 1783in «  Self-reported behavior change: significant increasein
(2019) [31]; meeting with pleting a primary control, 1749 use of lipid-lowering medication in the intervention
RCT in Swe-  their primary care health sur- ininterven- group compared with control group (P<.05).
den care physician, vey including tion; aged 40- .  Blood pressure: systolic increased by 1.6 mm Hgin
measurements  CVD risk factor 60 years control and was stable (-0.2 mm Hg) in the interven-
taken. Follow-  screening, phar- tion group—not significant.
up measure- macol ogical o  Cholesterol: total and LDL decreased in both groups,
mentstaken 12 CVD prevention but the reduction was greater in theintervention group
months later if required, and than in the control group at the 1-year follow-up
advice on healthy (P<.05).
lifestyle, and an «  Weight: slight increase in control group and slight
ultrasound decrease in intervention group—not significant.
2 Intervention: +  Absoluterisk: at the 1-year follow-up, thosein the
the above plus a intervention group had a decreased Framingham risk
pictorial represen- score, whereasin the control group thiswasincreased
tation of carotid (P<.05). Systematic coronary risk evaluation measure
ultrasound (in- increased to alesser extent in the intervention group
cluding vascular (P<.05).
age) plusanurse
phonecall to con-
firm understand-
ing 2-4 weeks|at-
er and informa-
tion repeated af-
ter 6 months
Svendsenetal Participantsdis- 1. Control: con-  jgge.3 257,120 in «  Sef-reported behavior change: physical activity levels
(2020) [32];  cussedrisk with ventional risk control, 137in did not change after 4 weeksin either of the groups.
cluster RCTin  pharmacy staff. communication, intervention; «  Blood pressure: no differencesin blood pressure lev-
Norway Follow-up after  each risk factor mean age 60 es.
4 weeks categorized in 4 (SD 13) years «  Cholesterol: no differencesin cholesterol levels be-
groupsfrom good tween the groups.
(green) to poor «  Consultation communication: the heart age tool was
(red), and diet considered a convenient and motivating communica-
and lifestyle ad- tion tool by pharmacy staff.

vicegiven verbal-
ly and in written
form

2. Intervention:
the above plus
heart age

8CVD: cardiovascular disease.
BRCT: randomized clinical trial.
°LDL: low-density lipoprotein.
9HDL: high-density lipoprotein.
€IBS: Joint British Societies.
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Table 3. Mixed methods studies with no randomization.

Bonner et a

Study details Intervention Comparison cyp@risk Participants ~ Principal findings
format groups model
Goldmanet Responded 1. lconchart Hypothetical 50 adultsin 7 Emotional response: bar graph lacked impact: it was “too statisti-
a (2006) to 3 visua risk vsideal  person but focus groups, cal,” “scientific,” “too dry.” But heart age was “catchy,” memo-
[34]; focus  representa- o Bgrchart  Pased on aged 27-84 rable, and engaging. Some participants said patients may be
groupsinthe tionsof risk  igk ysideal Framingham  years alarmed by heart age. Debate asto whether it is motivating or just
United (al of ahy- frightening. Still thought heart age was better though as more en-
States (quali-  pothetical 3. Bar chart gaging and memorable
tative) man aged 42 heart agevs Credibility: some skepticism about the validity of age calculation
ideal vsage
years)
Bonner etal  Participants 1. Heart age Framingham 26 patientsre- Intentionsto change behavior: heart age cal culatorsled participants
(2014) [36]; viewed2dif- o 10-year cruited from to consider lifestyle changes
think-aloud  ferent heart percentage general prac- Emotional response: heart age elicited emotional responses; for
processand agecalcula ik and tice; aged 39- example, younger heart age seen as positive and older heart age
interviewsin tors heart age 67 years was confronting
Australia Credibility: process of using the calculators resultsin different
(qualitative) credibility perception
Understanding: not understanding percentage risk information,
but heart age much easier to understand and more meaningful
Other: modifying risk factors had mixed response; for example,
some not interested or did not understand and some spent time
changing things
Sheferetal  Patientsran- 1. Control Framingham 41 adultsin Intentions to change behavior: for some, heart age was a“wake-
(2016) [35];  domizedto | jfegyle interviews (22 up call” to make changes.
interviews  different advice only ingroup 4, 15 Self-reported behavior change: more than two-thirds, including
and focus web-based . ingroup 3, those with low or medium risk, maintained lifestyle changes (gap
groupsinthe question- 3. L.n‘style and4ingroup between seeing the intervention and interview was between 1 and
UnitedKing- naires. Then advice plus 2) and 13 134 days)—although modest. | ntervention added asa“ reminder,”
dom (quaita- either inter- 10-year per- adultsin 2 fo- “trigger” —aready aware they needed to do something beforehand.
tive) viewed or centage risk Cus groups Risk perceptions: despite two-thirds having an older heart age,
took part in (phenotype) (onewith 6 only aminority were concerned about their risk. Could be because
afocus 4. Lifestyle patients and of not recollecting their risk score, or not remembering context of
group advice plus onewith 7; 8 whether the percentage risk was low or high even if they did re-
10-year per- ingroup 4,5 member the number. Or that they overestimated their risk before
centage risk in group 3); theintervention (eg, female mean risk of 3.5% but mean predicted
(phenotype+ aged 40-80 risk of 29.5%). Or that many patients thought a high risk was
genetic) in- years above 50%, so lower than that did not seem that high; one-fourth
cludes heart concerned about risk, all of them concerned primarily with heart
ageand ide- age, despite having arisk above 20%.
al risk Emotional response: heart age stood out as a powerful message

about patients’ lifestyle: “it was the heart age that really shook
me.” Link to age; for example, “risk is that of somebody who's
retired.”
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Study details Intervention Comparison  cyv/p@risk Participants  Principal findings

format groups model
Riley et a GPconsultae  1.JBS-3ca- JBS-3or 128 consulta= .  Intentionsto change behavior: coping appraisal more commonin
(2020) [37]. tionsusing  culator QRISK tions ana- JBSthan QRISK. Not much discussion around costs for changing
Recorded either 2. QRISK lyzed; 64 in behavior. Some maladaptive coping; for example, dismissive of
cPPoonaita JBSS-30or  calculator QRISK group suggestions. Sometimes mal adaptive responses to the percentage
tionsinthe QRISK cal- and64inJBS risk score could be prompted into amore positive response through
UnitedKing- culators 3; aged 40-74 communication of heart age. Adaptive coping shown by anumber
dom (qualita-  were record- years of patients showed intentions to change behavior as a result of
tive) ed and ana- seeing their risk . _ ,
lyzed qualita- «  Risk perceptions: threat appraisal observed in all consultations
tively (although less frequently in JBS-3 consultations vs QRISK). Pa-
tients acknowledged their risk level but understanding of percent-
age risk was unclear. Heart age aided understanding and intention
to change risk
«  Credibility: surprised at their risk leading to questioning how the
risk was calculated
«  Consultation communication: misunderstanding of risk, which
was not helped by the GP, although more evidence of active
practitioner-patient engagement in the JBS-3 group following risk
score manipulation. GPs seemed less confident in discussing per-
centagerisk than heart age. GPs consistently did not ask questions
to check understanding.
«  Understanding: understanding of 10-year percentage risk was un-
clear. Heart age aided patient understanding of CVD risk.
Gidlow eta GPconsulta 1.JBS-3cd- JBS-3or 173 general «  Consultation time: 10% of time discussing CVD risk in JBS-3vs
(2020) [33]. tionsusing  culator QRISK practice con- 7% in QRISK. 35% (JBS-3) vs 41% (QRISK) of time spent dis-
Recorded either BS-3 5 oRisk sultations; 73 cussing CVD risk factors. Risk management interventions dis-
GPconsulta=  or QRISK calculator QRISK and cussed in 19% of JBS-3vs21% of QRISK. Lifestyleinterventions
tionsinthe calculators 100 BS-3; discussed in 16% of JBS-3 and 18% of QRISK. Medicationin
UnitedKing- were record- aged 40-74 58% of JBS-3 and 70% of QRISK
dom (quanti- ed years «  Consultation communication: 94% vs 95% of consultationsrefer-
tative) enced the percentage risk score. Proportion of patients asking

guestions on risk was higher in JBS-3 than QRISK (32% vs 12%).
All physicians discussed heart agein JBS-3 vs 52% in QRISK.
Risk manipulation shown in 92% of JBS-3 and 22% of QRISK.
Physicians spoke for 47% of time in JBS-3 and 55% in QRISK.
Verbal dominance ratio of 2.35in JBS-3 and 3.21 in QRISK

Bonner etal Web-based 1.Heartage Framingham 361,044 heart . Intentionsto change behavior: Content analysis—either no moti-

(2020) [14]; heartagecdl- age calculator vation to changeor it isawake-up call to change lifestyleto reduce
survey in culator open users; 30,279 the heart age.
Australia tothepublic. provided «  Sdf-reported behavior change: 63% improved diet and 62%
(quantitative Somepartici- email to re- physical activity, 32% reduced stress, 31% reduced alcohol, 48%
outcomes pants elected ceive heart of smokersreduced. 48% saw GP and 28% had heart health check.
and content  to receive age report; Diet and seeing physician were more likely for older heart age
analysisof  their results 1303 survey than younger or equal heart age.
openregpons-  viaemail. A respondents; «  Risk perceptions: Content analysis—whether heart age was higher
es) subgroup Mean age of or lower affects perception of risk.
completed a users 49; of »  Emotional response: 39% very motivated, 25% very optimistic,
survey about those who re- 13% very anxious, 12% very worried. Older heart age associated
their results, guested are- with more anxiety or worry and less optimism, but similar motiva-
10 weeks af - port 56; sur- tion versus younger or equal heart age. Reflected in content anal-
ter seeing vey respon- ysis.
them dents 60 «  Credibility: Content analysis—expectations affected credibility;

for example, “I’m abit unsure why as | exercise regularly,” “my
cardiologist...said my heart is very good,” “questions were quite
limited and did not take account lifestyle”

« Recall: Most were ableto recall their heart age category 10 weeks
later (69%; although unclear if they accessed report again), espe-
cially for those with younger (67%) and older (70%) heart ages.
It was lower for equal heart age results (57%).

o  Cholesterol: 57% checked their cholesterol in the 10 weeks after
seeing their heart age. More likely for those with older heart age.

«  Weight: 49% reported weight loss 10 weeks after getting heart
age. Thiswas more significant for those with a higher heart age
vsyounger or equal heart age.
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8CVD: cardiovascular disease.
bGp: genera practitioner.
CIBS: Joint British Societies.

Randomized Web-Based Experiments

Direct comparisons between heart age and absolute risk in 5
web-based experiments [23-27], with no in-person computer
lab experimentsidentified. The studiesincluded 5514 consumers
and found that heart age leads to more negative emotional
responses (3/4, 75% of relevant studies show higher negative
emotions or lower positive emotions); higher perceptions of
CVD risk being higher probability, more serious or in a higher
risk category (2/4, 50% of relevant studies); higher exact or
verbal recall (2/2, 100% of relevant studies); lower perceived
credibility (2/3, 67% of relevant studies); and generally had no
effect on lifestyle intentions (1/5, 20% of relevant studies) or
self-reported behavior (no study). One study compared heart
age and absolute risk to fitness age among young adults and
found that fitness age led to lower lifestyle change intentions
compared with the other formats [27]. All trials used the US
Framingham model for risk except Van der Pol-Harney et a
[27], which used lifetime CVD risk estimates and hypothetical
agesto indicatelow risk (younger age) and high risk (older age).
All trials measured self-reported outcomes immediately
postintervention, and 1 study conducted a follow-up survey
after 2 weeks [25]. Soureti et al [23] compared the calculated
10-year risk to heart age among 413 people and found no
significant differences for smoking, diet or exercise intentions,
risk perception, emotional response, or credibility. They found
that younger people with higher risk were more likely to be
worried and perceivethe result asawake-up call when receiving
heart age. Witteman et al [24] compared personalized 10-year
risk to 10-year risk + heart age among 3630 people and found
no significant differencesin smoking, exercise, diet, weight, or
physician visit intentions. Bonner et a [25] compared
personalized 5-year risk to heart age with varying graphical
formats in a 2 x 3 design among 570 people and found no
significant difference in diet, exercise, smoking, or physician
visit intentions or behavior after 2 weeks, or information
seeking. They found that heart age led to lower positive
emotions and credibility, and higher risk perception (such that
low-risk people thought they were high risk) and recall after 2
weeks. Damman et a [26] compared hypothetical 10 year risk
in various formats to heart age in a 2x2 design among 727
people and found mixed effects of heart age on intentions
(higher intentions to visit a physician and exercise; no effect
for diet or medication), higher risk perception, no differencein
information perceptions relating to credibility (but heart age
was perceived as more helpful), and higher recall for the verbal
increased risk evaluative label. Van der Pol-Harney et a [27]
compared the hypothetical lifetime risk to heart age or fitness
age among 174 younger adults with different low- versus
high-risk valuesfor those with and without lifestylerisk factors
ina?2 x 3 design. They found that heart age and percentage risk
were generally equivalent, but there was adetrimental effect of
fitness age, including lower exercise and diet intentions, lower
credibility when given a high-risk result, and lower risk
perception for high-risk results. Receiving a high-risk result
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was associated with higher risk perception, higher worry
especialy for smokers, and lower credibility, especialy if the
results were worse than expected (Table 1).

Randomized Clinical Trials

When heart age was combined with additional strategies (eg,
in person or phone counseling) in 5 applied trials [28-32] for
9582 patients, it improved risk control (eg, reduced cholesterol
and absolute risk) compared with usual carein most trials (4/5,
80% of relevant studies) up to 1 year. However, the direction
of outcomes (lifestyle, blood pressure, cholesterol, and weight)
was the same for absolute risk and heart age groupsin onetrial
that compared each group to usual care (1/1, 100% of relevant
studies). Follow-up periods ranged from 4 weeksto 12 months,
and all trials used the US Framingham model for risk except
Svendsen et a [32], which used the UK JBS-3 model.
Lowensteyn et al [28] compared a paper-based risk profile
intervention (8-year risk, cardiovascular age, effect of reducing
risk factors) to usual care among 958 patients over 3 months
and found no differencein blood pressure but lower cholesterol,
leading to lower absolute risk. Grover et al [29] compared a
paper-based risk profile including cardiovascular age plus
3-monthly feedback to usual care among 2687 patients over 1
year and found lower blood pressure and cholesterol, leading
to lower absolute risk. Lopez-Gonzalez et a [30] compared a
web-based interactive heart age tool to verbal communication
of percentage risk or usual care among 2844 employees over 1
year and found higher physical activity and lower smoking,
blood pressure, cholesterol, weight, and waist circumferencein
intervention groups versus control, with greater benefitsin the
heart age group; however, analyses of the difference between
heart age and risk groups were not reported. N&slund et al [31]
compared 2 complex interventions, including one with heart
age (heart age intervention: risk assessment and advice plus a
carotid ultrasound image including vascular age and a nurse
phone call, with information repeated after 6 months; control:
risk assessment and advice only) among 3532 patients. They
found higher use of cholesterol medication, lower cholesterol
levels, and lower absolute risk in the heart age intervention
group than in the control group; however, there was no
difference in blood pressure or weight. Svendsen et a [32]
compared conventional risk communication (risk categories,
colors, evaluative labels, verbal and written advice) to the same
information plus heart age among 257 patients visiting a
pharmacy, and they found that although using heart age was
popular among pharmacy staff, adding heart age was no more
effective than conventional risk communication alone in
changing physical activity or reducing cholesterol and blood
pressure levels (Table 2).

Mixed Methods Studies With Quantitative Outcomes

Two studies used a mixed methods design to investigate heart
age: asurvey of 1303 users of the Australian heart age calculator
included quantitative outcomes and thematic content analysis
of open responses [14]; and a UK study of video consultations
using QRISK2 and JBS-3risk cal culators coded the content for
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guantitative outcomes in 12 general practices [33]. Because of
their study design, it is not possible to attribute outcomes to
heart age from these studies, but they do suggest additional
possible outcomes of heart age tools: different effects for older
versus younger or equal heart age results, and risk
communication content and time within consultations. An
Australian survey found that a subsample of heart age users
who completed a 10-week email journey had high recall and
varied emotional responses to heart age, including motivation,
optimism, anxiety, and worry [14]. Recall was lower for equal
heart age, and anxious or worried responses were higher for
older heart age. M ost of the respondents reported improved diet
and exercise, with many reporting weight loss, reduced stress,
and reduced smoking. People with older or equal heart age
reported higher rates of diet and weight loss than those with
younger heart age. People with older heart agewere more likely
to visit aphysician or have a heart health check compared with
those with younger or equal heart age. Credibility issues were
identified in open responses. A UK study of consultationsusing
2 different risk communication tools found that 10% of
consultation time (<2 minutes) was devoted to CVD risk [33].
Using JBS-3 increased the time spent discussing CV D risk, the
proportion of patients asking questions about CVD risk,
discussion of heart age, and medication, whereas using QRISK 2
increased the time spent talking about risk factors. One-fifth of
consultation time was spent on interventions, mostly lifestyle
(Table 3).

Mixed Methods Studies With Qualitative Analysis

Four studies used qualitative methods, including focus groups
[34,35], interviews[35-37], think-aloud [36] and video prompt
[37] methods. In general, the findings reflected trial outcomes
in relation to recal, risk perception, emotional response,
motivation, and credibility. Heart age was noted by participants
across the studies as being more memorable and easier to
understand than other risk formats. In a UK study where
recorded consultation videos were used as a prompt for
interviews, some practitioners did not fully understand risk
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percentages and preferred to use heart age or seemed more
confident in discussing heart age as opposed to percentage risk
[37]. This study also indicated that additional behavior change
techniques may be added by the health provider depending on
how they use the heart age tool. Asreflected in the quantitative
data, heart age also resulted in stronger emotional reactions
from participants, for example, “it was the heart age that really
shook me” [35]; however, it was noted that this could be either
motivating or frightening [34]. Heart age prompted some
participantsto consider changing their lifestyle (eg, losing 9 kg
[35]; “my weight is something | need to work on” [36]), which
was also reflected in those who saw their risk percentage, and
many with low or moderate risk scores discussed lifestyle
changes. There was a suggestion that any intervention discussing
risk with participants acts as a “reminder” or "trigger,” “the
kick that [they] needed” [35] to change behavior. Similarly,
discussing risk with a practitioner resulted in the intention to
change behavior [37]. Some participants were skeptical of the
calculationsfor heart age and questioned their credibility (Table
3) [34,36,37].

Behavior Change Techniques

The interventions included in the heart age studies varied in
terms of behavior change techniques. From the Michie et a
taxonomy of 93 techniques[19], weidentified 14 from methods
section descriptions or published protocols. All studiesincluded
salience of consequences by definition (asweinterpreted heart
age as increasing the salience of the risk assessment) and
information about health consequences (ie, CVD outcomes).
I nstructions on how to perform abehavior, credible source, and
comparative imagining of future outcomes were common for
both the intervention and control groups. It should be noted that
the results sections of the qualitative studies indicated that
additional behavior change techniques may be used by health
providers using these tools in a consultation, and this may
influence how effective they are in clinical practice (Figure 2
[14,23-37]; Multimedia Appendix 2).
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Figure 2. Behavior change techniques mentioned in methods for heart age interventions [14,23-37].
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Figure 3. Risk of bias assessment for quantitative studies. RCT: randomized clinical trial [23-32].
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percentage risk and heart age can be effective as risk
communication formats when combined with other various
behavior change techniques in applied settings, and have the
potential to reduce blood pressure, cholesterol levels, and
weight, which in turn can reduce absolute risk [28-32]. Only
one study [27] compared different labels for the heart age
concept and found different psychological effects, indicating
the importance of testing evaluative labels with the intended
target audience. Qualitative and mixed methods studiesgenerally
reflected the outcomes measured in the randomized studies but
tended to conclude that heart age was more motivating than
percentage risk for lifestyle change, whereas randomized trial
data did not support this assertion [14,33-37].

Limitations

Owing to the heterogeneity of both the intervention components
and the outcomes, we were unable to synthesize the results as
ameta-analysis. Therefore, our findings are descriptive across
arange of outcomes and measurement methods. All randomized
studies had somerisk of bias, particularly some of the complex
intervention studies in applied settings where randomization
and analysis processes did not follow best practices, including
contamination between groups and analyses not reflecting the
initial randomization to groups. Outcomes in experimental
studies were based on sdf-report rather than objective
measurements.

Comparison With Previous Work

This is the first systematic review of the effects of heart age
interventions. Previous reviews of CVD risk communication
formats or biological age concepts have either been descriptive
in relation to the models themselves [16,20] or have not
differentiated between the behavior change techniques used in
intervention versus control groups, leading to mixed results
overal [17,38]. This study showstheimportance of identifying
active ingredients in behavioral interventions to identify
meaningful comparisons for future reviews[19]. The design of
applied clinical trials of heart age interventions did not
differentiate between heart age as arisk communication format
and supplementary behavior change techniques, with an
insufficient description of the meaningful differences between
the intervention and control groups. The finding in one study
that the label for the heart age concept (heart age vsfitness age)
affected outcomes echoes recent findings on different termsfor
elevated blood pressure [27,39].

Future Research

The risk of bias could be improved in future heart age trials,
but we note that blinding is not generally possible in a risk
communication intervention. The mixed methods studies suggest
additional outcomes should be included, such as overall
consultation time, clinical communication content, and time
spent on different aspects (eg, risk factors, risk communication
formats, risk manipulation, lifestyle change, and medication
[33,37]). Severa studies highlight the importance of
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differentiating among ol der, younger, and equal heart age results
in analyses and considering expectations in relation to this
[14,25,27]. Authors of heart age studies need to take care to
specify the components of their interventions, including therisk
communication tool itself and theway that health care providers
use and explain thisin a consultation. Our findings suggest that
the most appropriate outcomes to measure for heart age as a
standal one risk communication format are emotional response,
perceived credibility, and risk perception. Combining heart age
with other behavior change techniques may be effective for
behavior change if they are selected for a specific outcome in
mind based on other evidence. Authors should avoid overstating
the benefits of heart age as a standal one risk communication or
behavior change tool by ensuring that all conclusions are
supported by the data.

Practical Implications

The appeal of heart age to consumers is suggested by its
widespread use among millions of people worldwide [13-15].
However, if lifestyle changeisthe intended outcome, additional
support is needed using evidence-based behavior change
techniques, such as action plans and goal -setting. Thisisinline
with the behavior change literature, where many different health
models that show risk communication is necessary but not
sufficient for behavior change. Heart age is a risk
communication format that can capture attention and provoke
an emotional response, but it is not enough as a standalone
intervention for behavior change [40]. For example, in the
Australian survey identified in thisreview, the initial heart age
assessment was followed by a 10-week email journey where
behavior change could be reinforced with prompts, activities
and planning tools [14]. In a recent review on how to present
probabilities in patient decision aids, biological age was not
recommended because it may undermine understanding of
absolute risk, which is required for making informed, shared
decisions about medication [41]. General practitioners, nurses,
and cardiologists engaged in CVD risk assessment need to
consider what their communication aimisto determine whether
heart age or absolute risk is most appropriate. If heart age is
communicated with the aim of motivating lifestyle change, it
needsto be supported by other behavior change techniques such
as action plans.

Conclusions

This review found little evidence that heart age motivates
lifestyle behavior change more than percentage risk, but either
format can improve clinical outcomes when combined with
other behavior change strategies. The label for the heart age
concept can affect outcomes and should be pretested with the
intended audience. Future research should more carefully specify
the components of the intervention, avoid overstating the
benefits of heart age asa standalone risk communication format,
consider effects on physician-patient consultations, and
differentiate between older and younger heart age results.
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