










The Rotterdam Ischaemic heart disease & Stroke Computer
(RISC) model28 is a state transition model which has been exter-
nally validated.29 The states of the model are similar to ours but
also includes a state for CHD and stroke. Although many risk
factors are considered, socioeconomic deprivation was not
included. Like our model, the baseline distribution of risk factors
and the risk equations for predicting model transition probabilities
come from a cohort that has been followed up. The main
difference in modelling strategy is that RISC uses a Monte
Carlo–Markov framework for obtaining transition probabilities,

whereas our approach uses competing risk parametric survival
models.

Strengths
A major strength of this model is the data source. The SHHEC
survey linked to national hospital discharge and death records
allows individuals to be followed up for a long time (median
survival time to first event was almost 21 years). The linked data
set allowed us to undertake a competing risk analysis to estimate
the association between risk factors and CVD (and non-CVD)

Figure 2 Continued

Figure 3 Predicted life expectancy
for ranked fifths of socioeconomic
deprivation (SIMD) scores.
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outcomes using a single cohort of individuals. This is a more
sophisticated approach than CVD risk scores based on a single
composite endpoint where the estimate of CVD risk does not
take into account competing causes. Furthermore, the inclusion
of a measure of socioeconomic deprivation as an independent
risk factor is congruent with an inequalities policy agenda,
which is a particular priority in Scotland. In addition, the risk
factors measured in SHHEC were carefully standardised and the
data were very complete. Further strengths are that we have
reported the performance of the model to discriminate over the
observed follow-up period, shown how our model predictions
compare with observed data from an external source, and taken
into account and reported on how well our model is calibrated.

Limitations
Although there was long follow-up, over 60% of individuals
were still to experience a first event at the end of the observa-
tion period. Therefore, it was necessary to extrapolate survival
curves and we had to use a calibration factor to ensure that the
average differences between model predictions and life table
estimates of life expectancy were within 1 year. A second limita-
tion is that modifiable risk factors were only measured at base-
line with no follow-up measurement occasions. As we intend
this model to be used to assess primary prevention interventions
we do not view this as a major drawback. However, for targeted
interventions any attributed gains in life expectancy could be
exaggerated if beneficial changes to other modifiable risk factors
not influenced by the intervention under study occur. Third, the
first events we modelled were hospitalisations and so less serious
CHD and CBVD events that could be treated in a primary care
setting are not explicitly modelled as a health state but any
future hospitalisation(s) for such patients would be captured.
Fourth, as well as capturing the true effect of socioeconomic
deprivation, SIMD will be acting as a proxy for unmeasured
risk factors and complex causal pathways involving SIMD,
unmeasured variables and the interaction between them. As
such, it is likely that any predicted gradient in socioeconomic
deprivation using SIMD will be an overestimation of the true
inequality in life expectancies. Finally, in our validation exercise,
our model predictions were different to WOSCOPS for non-
fatal CHD and fatal non-CVD endpoints. Although this could
be partly due to differences between trial populations and
general populations, we acknowledge that our external valid-
ation results were suboptimal and in future research we would
like to repeat this exercise with another external data source
(which includes women).

The model was developed using Scottish data sources
(SHHEC and the ASSIGN risk variables), including a
Scottish-specific measure of deprivation. It is intended for use in
Scotland, in the first instance. Nonetheless, the model may have
wider generalisability. It is common for models developed in
one setting to be recalibrated for use elsewhere. For instance,
the Framingham risk score has been recalibrated for use outside
of the USA, such as in England.30 A similar exercise could, in
principle, be undertaken for the proposed policy model intro-
duced in this paper.

Public health and clinical implications
Our model can be used to estimate the impact of primary pre-
vention interventions on life expectancy and can assess the
impact of interventions on inequalities. Furthermore, our model
can be used at the local level for predicting future burden of
disease to aid planning and allocation of services. As well as
being able to predict 5-year, 10-year and lifetime risk of CVD

outcomes given risk factor values for an individual, it can also
predict life expectancy. This can help answer patient questions
such as ‘how much longer can I expect to live if I take part in
this intervention?’ and also be used as a tool to prioritise indivi-
duals for intervention.

Key messages

What is already known on this subject?
Cardiovascular disease (CVD; rheumatic heart diseases,
hypertensive diseases, ischaemic heart diseases, pulmonary
heart disease, other forms of heart disease, cerebrovascular
diseases, diseases of arteries and diseases of veins) is a leading
cause of premature mortality, morbidity and health service
costs. The incidence of CVD has also been shown to be socially
patterned. The primary prevention of CVD is a policy priority,
including the objective to reduce health inequalities. A policy
model is a model capable of evaluating the effectiveness and
cost-effectiveness of a wide range of interventions aimed at
modifying known CVD risk factors.

What might this study add?
This policy model joins together risk estimation, individual
patient decision making and societal policy making. By taking a
competing risk approach the model estimates the impact of risk
factor modification on CVD events and non-CVD mortality to
predict life expectancy. By including a measure of
socioeconomic deprivation as an independent risk factor the
policy model can be used to assess the impact of interventions
on health inequalities.

How might this impact on clinical practice?
This policy model uses the ASSIGN risk factors to estimate CVD
risk and can project the full impact of risk factor modification
on life expectancy. Consequently, the model can be used
consistently as both a clinical and policy tool, to help prioritise
individuals for intervention and to evaluate the effectiveness
and cost-effectiveness of interventions.
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