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Abstract
Background A
common
form
of
risk
communication is to relay the relative risk (%) of
an adverse outcome based on surrogate markers
associated with the outcome. A novel way of
communicating risk is through ‘effective age’ of a
person or specific organ. These tools can be used
to change patient behaviour.
Objective To determine the effect of ‘effective age’
tools on patient behaviour as compared with more
traditional methods of risk communication.
Study selection We performed a search of the
PubMed database up to February 2019 for systematic
reviews and randomised controlled trials (RCT)
that answered our question. Interventions were
‘effective age’ tools, comparators were usual care
or alternative risk communication tools. Primary
outcomes were behavioural change measures.
Findings We included 1 overview of systematic
reviews (level 1 evidence), 2 systematic reviews
(level 1 evidence) and 13 RCTs (level 2 evidence).
Both systematic reviews concluded the evidence
base was not conclusive enough to make specific
recommendations.
Age tools assessed in the 13 RCTs were: ‘lung
age’ (n=5), ‘heart age’ (n=3), ‘health age’ (n=2),
‘cardiovascular age’ (n=1), ‘body age’ (n=1)
and ‘net present value’ (n=1). 7/13 (54%) RCTs
demonstrated a clinical effect on behaviour change
favouring the ‘age’ tool; 2/13 (15%) demonstrated
a null effect; 4/13 (31%) favoured control.
Conclusions Our findings indicate that systematic
review evidence needs updating. The evidence
from RCTs on the effect of using age metrics on
patient behaviour is poor. There is a need for
high-quality trials to decrease uncertainty in the
available evidence.
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Chronic risk associated with an adverse life event
can be communicated in many ways. Risk measures are typically calculated as the predicted probability of having an adverse life event during the
next 5–10 years. An alternative risk communication tool is through ‘effective age’1 of a person or
specific organ. Multiple terms are used to express
‘effective age’, including: heart age,2 lung age,3
brain age,4 health age,5 vitality age6 and biological
age.7 The idea is that patients compare their ‘scientific’ age calculated from various risk factors to
their chronological age. For example, if the chronological age is 50 but the calculated effective age
is 60, this means that the patient is in the same
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risk category as the 60 years old who has no risk
factors. This allows for a more vivid representation
of their risk and ideally should promote positive
changes in their behaviour.
The two most commonly used ‘age scores’ are
‘heart age’ and ‘lung age’. Heart age is the age of
someone of the same gender and ethnicity who
has healthy risk factors and a matching annual
risk of heart attack or stroke. The National Health
Service uses the JBS3 risk calculator8 to estimate
‘heart age’. The model uses multivariable modelling and takes into account risk factors such as
blood pressure, smoking, cholesterol and diabetes.
Lung age established by Morris and Temple in
19859 is calculated based on spirometry readings.
Our aim was to perform a rapid evaluation of
the evidence assessing the effect of an ‘effective
age’ compared with relative and absolute measures
for communicating adverse health risk on subsequent patient behaviour and health outcomes.
Another aim of this brief review was to determine if a more comprehensive systematic review
is warranted.

Objectives
The main objective was to examine the effect of
‘effective age’ tools for communicating risk and
changing patient behaviour. This could be changes
in objective clinical measurements such as cholesterol levels or blood pressure or in behaviours such
as smoking or exercise levels.

Methods
Criteria for considering studies
Types of studies
Systematic reviews and randomised controlled
trials (RCT). We also examined observational
studies in the process of the review. However, due
to the number of higher level of evidence studies
found we made the decision to restrict our review
to only systematic reviews and RCTs.
Participants
Individuals who were over the age of 18 interacting
with a health service. There were no restrictions
about the type of healthcare service that they were
interacting with nor did we exclude studies based
on comorbidities of the populations involved.
Interventions
Any intervention that uses a body or organ ‘age’
calculation. We describe elsewhere the variety of
these calculations. The variety of these tools is
broad and as such the criteria for acceptance into
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Comparator
The comparators needed to avoid the use of an ‘age’ calculation.
Otherwise, we included studies which used other methods of risk
communication or centred on the use of ‘usual care’.
Outcome measurements
The main outcome measurements were centred on a behavioural
change measure. This may have included cessation from smoking
or increases in physical activity. Intention to change behaviour
was included in the initial search as were surrogate outcome
measures, for example, cholesterol changes. But we restricted this
to behavioural change or surrogate outcomes and excluded intention to change behaviour.
Search methods
We performed searches of the PubMed database using search
criteria distilled from background reading. The search terms used
initially were ‘Lung age’ and ‘Heart age’. We then hand searched
the references of these studies and used the ‘related articles’
feature of PubMed to find other possible articles for inclusion.
We also used these articles to find other potential search terms.
The terms arising from this search included ‘Fitness age’, ‘Body
age’, ‘Effective age’, ‘Brain age’, ‘Vascular age’, ‘Risk advancement
period’, ‘Rate advancement period’, ‘Real age’, ‘Risk age’, ‘Health
age’, ‘Age gap’, ‘Microlife’, ‘Net present value’, ‘Biologic age’ and
‘Biological age’. Finally, we searched Trip and Scholar using the
same search terms.
Reasons for exclusion
Studies were excluded from final analysis if they did not meet our
initial participant-intervention-comparator-outcome measurement (PICO). Following data extraction we also excluded studies if
their primary outcomes were intention to change behaviour rather
than surrogate outcomes for, or actual behaviour change. This
was due to the number of studies found using these more robust
outcomes.
Evaluation of studies
We evaluated RCTs using the Cochrane revised risk of bias tool
for RCT (RoB 2 tool).10 To evaluate systematic reviews we used the
AMSTAR 2 tool.11

Results
We identified 1 systematic review of systematic reviews, 2
systematic reviews and 13 RCTs that met the inclusion criteria.
This included trials assessing the impact of various ‘effective age’
measures as defined in table 1.
The systematic review of systematic reviews12 included nine
systematic reviews, one of which we include in the next section.13
This showed little evidence that personalised risk communication
had any effect on behaviour, but did not look solely at ‘effective
age’ tools, rather generic personalisation of risk communication.
They highlight the level of heterogeneity within all of the studies
as well as the overall poor quality of studies included within the
reviews as potential issues with drawing meaningful conclusions.
Evidence from systematic reviews
The two systematic reviews (Bize et al14 and Waldron et al13)
broadly assessed the effect of different risk communication

strategies for smoking cessation and cardiovascular risk, respectively, without focusing specifically on ‘age’ based tools. However,
the systematic reviews were unable to pool their results as the
heterogeneity of the studies was too great. Bize et al14 looked at
how giving smokers feedback on the physical effects of smoking
using physiological measurements (eg, carbon monoxide measurement or lung function tests) affected smoking cessation rates.
This Cochrane review scored highly on the AMSTAR 2 tool (11
out of 16). Out of the 15 studies, only one15 was relevant to our
question. Waldron et al13 compared different interventions used
to communicate cardiovascular risk and assess their impact on
patient-related outcomes. Like Parkes, this review also concluded
that better quality trials were needed to compare the different
methods of risk presentation before conclusions can be drawn to
which one is most effective. This systematic review also scored
poorly on AMSTAR 2 (5/16).
Evidence from RCTs
The 13 RCTs examined a number of different ‘age’ metrics. The
risk of bias associated with these studies is shown in figure 1;
overall few studies had a low risk of bias (3/13), with key issues
being poor or poorly described randomisation (9/13) and allocation concealment (11/13) methods.
Data for 18 outcomes are provided in table 1; 7/18 outcomes
demonstrated clinical and statistical benefit in favour of the intervention; 3/18 suggested clinical benefit for intervention but did
not meet statistical significance; 8/18 showed no clinical difference and were not statistically significant, two of which favoured
control (see table 1 and figure 1). figure 2 illustrates the bias associated with the studies.
Cardiovascular age
Four RCTs looked at the effect of heart age/cardiovascular age
on patient behaviour. Bonner et al16 showed that at 2 weeks
after intervention, there was a positive change in lifestyle. The
control group, who were told absolute cardiovascular risk, had
a 15% smoking cessation rate. The intervention group achieved
23%. Although the difference was not statistically significant, we
feel the results are clinically significant. Lopez-Gonzalez et al17
also showed that informing patients about the heart age resulted
in a positive change behaviour. There was a statistically greater
reduction in the number of smokers (−1.8% vs 0.9%), greater
number of physical activity sessions per week (3.6 vs 2.3) and
greater improvement in metabolic parameters at 12 months in the
intervention group told their heart age versus the control group
who were just given conventional medical advice. Lowensteyn et
al18 showed that informing patients their heart age resulted in a
greater proportion of high-risk patients returning for a follow-up
general practitioner (GP) appointment compared with the control
group not told their health age (OR 1.23 vs 0.77). Grover et al19
indirectly showed improvement in behaviour in the intervention
group through measuring lipid profiles. There was a significantly
greater reduction in mean low-
density lipoprotein cholesterol
levels (−51 mg/dL vs −48.0 mg/dL) and the total cholesterol to
high-density lipoprotein cholesterol ratio (1.5 vs 1.3) in patients
receiving cardiovascular age compared with usual care.
Lung age
Five RCTs looked at the effect of spirometric-lung-age and associated smoking cessation. Three of these studies (Parkes et al15,
Kaminsky et al20 and Takagi et al21) showed that the intervention
group had a clinically significant increase in smoking cessation.
Parkes et al15 showed that at 12 months the intervention group
BMJ Evidence-Based Medicine April 2020 | volume 25 | number 2 |
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this review were broad without the need for the calculator to be
validated elsewhere.
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Intervention: 79%Control: 69%

Smoking quit rate at 12 weeks
Continued abstinence 12 months

Takagi et al21

Intervention −4.37
(−4.75 to −3.99)
Control: 1.02
(0.8 to 1.25)
Intervention: −6.54(−7.23 to −5.85)
Control: 5.36(4.76 to 5.95)
Intervention: −0.37(−0.44 to −0.31)
Control: 0.24(0.19 to 0.29)

Systolic blood pressure

Total cholesterol
Risk score at 12 months

Lopez-Gonzalez et al17

Intervention: 4.1%
Control: 4.4%
Intervention: 4.2%
Control: 4.4%

Achieving lipid target at 12 months:

Physical activity at 12 months (MET/min/week)
All-cause mortality at 24 months
Myocardial infarction at 24 months

Grover et al19

Liukkonen 201726

Charlson et al22

Cardiovascular age

Body age

Net present value

CVD, cardiovascular disease; MET, metabolic equivalent of task; RCT, randomised controlled trial.

Intervention: 57%
Control: 54%

Without CVD

Intervention: −17 (−1021 to 987)
Control: −89 (−1109 to 926)

Intervention: 50%
Control: 48%

With CVD

Intervention: 6%
Control: 6%

Positive exercise behaviour at 3 months

Intervention: 48%
Control: 44%

Paek et al25

Health age
 

Smoking abstinence at 6 months

Intervention: 24%
Control: 15%

Smoking quit rate at 2 weeks

Bonner 200516

Intervention: 1.23 (0.96 to 1.60)
Control: 0.77 (0.58 to 1.03)

Likelihood of returning for risk assessment

Lowensteyn et al18

Intervention: 51%
Control: 52%

Godin et al24

Heart age

Intervention: 60%
Control: 42%

Smoking quit rate at 28 days

Foulds 201528

Intervention: 0%
Control: 4%

Smoking cessation at 6 months

Drummond 201427

Intervention: 32%
Control: 24%

Intervention: 14%
Control: 6%

Summary of effect

One or more quit attempts in 1 month

Smoking cessation at 12 months

Outcome

Kaminsky et al20

Parkes et al

Lung age

15

Summary of findings from included RCTs

Study

Table 1

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Intervention

Control

Control

Intervention

Intervention

Favours

No

No

No

Yes

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Clinically significant

No

No

No

Yes

No

No

No

Yes

Yes

Yes

No

Yes

No

Yes

No

No

No

Yes

Statistically significant
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Figure 1 A bar chart summarising clinically significant results. RCT,
randomised controlled trial.

had a confirmed smoking cessation rate of 13.6% versus control
at 6.4% (p=0.01). There was also significantly lower mean daily
cigarette consumption at 12 months in the intervention group
compared with the control (11.7 vs 13.7, p=0.03). Kaminsky et al20
reported quit rates of 32% in the intervention group versus 24%
in the control group. In the study by Takagi et al21 the smoking
quit rate at 12 weeks in the intervention group was 59.6% vs
41.9% in the control group. This effect was sustained at the 1-year
continued abstinence rate (78.6% vs 69%).
Other age tools
Other RCTs looking at different age metrics including biological age, body age and health age showed no significant effect
on behaviour. Charlson et al22 investigated methods of framing
risk to patients who had undergone angioplasty. The intervention group were asked to choose a selection of risk factors they
wanted to change from a list that showed biological age reduction
associated with each risk factor. The control group chose from a
list that showed how the risk factors deviated from normal values
and were told that changing these would increase life span. At 24
months, change in behaviour was assessed as number free from
death, myocardial infarction and stroke. However, there were no
significant differences between the two groups.
Liukkoen et al23 reported that informing participants of their
body age compared with giving them feedback on their performance alone had no effect on the amount of physical activity

Figure 2 Table showing the risk of bias associated with each study. Bias
assessed using the Cochrane revised risk of bias tool (RoB 2 tool).

Discussion
Our rapid literature search has shown that communication of
chronic risk through ‘body/organ age’ may have a positive impact
on patient behaviour. Studies investigating lung age have shown
that intervention results in greater smoking cessation rates. Cardiovascular age studies suggest improvement in surrogate outcome
measures, including cholesterol and blood pressure, with others
suggesting greater intention to eat healthily and do more physical activities. However, the impact of other age metrics, including
body, health and biological age, appears to have less of an impact
on patient behaviour. This could be related to the validity of the
age tools. The best validated tools (and those used in practice) are
the ‘heart age’ and ‘lung age’ tools. It is perhaps not surprising
that there are therefore more studies and that these studies are of
better methodological quality.
Meta-analyses of the data were unable to be performed in
any of the reviews. This was mostly due to the heterogeneity
of the recruitment, measurements of patient behaviour and the
use of different age calculators. Recruitment included GP practices,15 18 20 Foulds 2015 19 college campuses (Lipkus 2007), online
access research panels (Souretti 2010, Dammon OC 2018), market
research company recruitment,16 smoking cessation clinics,21 25
hospital records (Drummond 2014,22) employee from recycling
company,26 telephone directory24 and Spanish public health
workers.17 Therefore, a meta-analysis could not be performed on
the data.
All but three studies were judged to be of high or unclear
risk of bias in at least one domain. The key issues being poor or
poorly described randomisation (9/13) and allocation concealment (11/13) methods. This was echoed by the reviews which
highlighted the poor methodological quality of many of the
studies included. This is highly likely to affect the conclusions
of any systematic review performed presently. Another limitation we found was the difference in intervention between groups
within studies. Intervention groups often had more motivation
and explanation of the benefits of behaviour change when
compared with the control groups. This may have influenced the
findings in some of the studies.
The reviews included in this literature search were completed
over 6 years ago (with the exception of the overview which does
not include many of the trials included here). As such our search
encountered many new trials which were not available at the time.
With the inclusion of the newly published studies we believe there
may be enough homogeneity of studies, particularly within the
lung and cardiovascular age tools for a further systematic review
to take pace. This could update the previous reviews and further
them with the inclusion of a meta-analysis. Issues of poor trial
methodology will, however, still remain. We also recommend
further, methodologically robust, trials of ‘effective age’ tools for
risk communication.
Twitter David Nunan @dnunan79
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between the two groups. Similarly, Godin et al24 showed no significant change in physical activity at 3 months between groups
either given health age or feedback on physical activity.
Paek et al25 showed that informing participants of their health
age had no effect on smoking abstinence rates at 6 months. The
control group given conventional counselling had a validated
smoking abstinence of 17.6% compared with the intervention
group given their health age who had a rate of 21.6%. The difference between the two groups was 4% (−4.5% to 12.5%).
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