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Abstract
Background: Cardiovascular disease (CVD) prevention is commonly focused on providing individuals at high predicted
CVD risk with preventive medication. Whereas CVD risk increases rapidly with age, current risk-based selection of
individuals mainly targets the elderly. However, the lifelong (preventable) consequences of CVD events may be larger in
younger individuals. The purpose of this paper is to investigate if health benefits from preventive treatment may increase
when the selection strategy is further optimised.
Methods: Data from three Dutch cohorts were combined (n ¼ 47469, men:women 1:1.92) and classified into subgroups
based on age and gender. The Framingham global risk score was used to estimate 10-year CVD risk. The associated
lifelong burden of CVD events according to this 10-year CVD risk was expressed as quality-adjusted life years lost. Based
on this approach, the additional health benefits from preventive treatment, reducing this 10-year CVD risk, from
selecting individuals based on their expected CVD burden rather than their expected CVD risk were estimated.
These benefits were expressed as quality-adjusted life years gained over lifetime.
Results: When using the current selection strategy (10% risk threshold), 32% of the individuals were selected for
preventive treatment. When the same proportion was selected based on burden, more younger and fewer older
individuals would receive treatment. Across all individuals, the gain in quality-adjusted life years was 217 between the
two strategies, over a 10-year time horizon. In addition, when combining the strategies 5% extra eligible individuals were
selected resulting in a gain of 628 quality-adjusted life years.
Conclusion: Improvement of the selection approach of individuals can help to reduce further the CVD burden.
Selecting individuals for preventive treatment based on their expected CVD burden will provide more younger and
fewer older individuals with treatment, and will reduce the overall CVD burden.
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Introduction
One of the leading causes of mortality and morbidity
worldwide is cardiovascular disease (CVD), with an
expected burden of disease of 143 million disability
adjusted-life years in 2020.1,2 An important target of
the World Health Organization (WHO) is to reduce
the CVD burden by 30% before 2030.3 A substantial
part of this CVD burden can be prevented by positively
inﬂuencing behavioural risk factors, e.g. blood

1
Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, The Netherlands
2
Netherlands Heart Institute, The Netherlands
3
Center for Nutrition, Prevention and Health Services, National Institute
for Public Health and the Environment, The Netherlands
4
Department of Vascular Medicine, University Medical Center Utrecht,
The Netherlands
5
Department of Health Technology and Services Research, University of
Twente, The Netherlands

Corresponding author:
Ghizelda R Lagerweij, Julius Center for Health Sciences and Primary
Care, University Medical Center Utrecht Stratenum 6.131, PO Box
85500, 3508 GA Utrecht, The Netherlands.
Email: g.r.lagerweij@umcutrecht.nl

Lagerweij et al.
pressure, smoking, diabetes and cholesterol, through
preventive strategies.4
In the last decade, CVD risk prediction models have
increasingly been used to predict individualised CVD
risks. Based on their predicted 10-year CVD risk, several guidelines recommend the use of such prediction
models to stratify individuals into risk categories, with
a corresponding, recommended preventive treatment
strategy. For example, cholesterol-lowering drug prescription is advocated in the case of a risk above the
threshold of 7.5% risk of CVD events in 10 years
according to the prediction model pooled cohort equations or above 10% risk according to the Framingham
global risk score (FRS).5,6 Over the years, many CVD
risk prediction models have been developed, each with
a speciﬁc risk threshold for ‘high risk’, implying that
the classiﬁcation of individuals who qualify for
(preventive) treatment is, to say the least, not uniform.
As diﬀerent CVD risk prediction models may use different predictors and diﬀerent coeﬃcients, diﬀerent
models may classify diﬀerent individuals as having a
‘high risk’.7 However, individuals have diﬀerent
health-related consequences of CVD, that is, loss in
terms of life years due to (earlier) death, and healthrelated quality of life (QoL) due to non-fatal CVD
events. Consequently, the health-related consequences
of being classiﬁed as ‘high risk’ may diﬀer per individual, depending on the current QoL and life expectancy.
In addition, through combining the individual predicted
risk of a CVD event with the expected consequences of
this CVD event, it is possible to estimate the expected
CVD burden of an individual. Aggregating these individual burden estimates can then provide an estimate of
the total expected CVD burden in a speciﬁc population
or group of individuals.
Inferences of the value and usefulness of current
risk-based prevention strategies for CVD, however,
are solely based on their ability to provide accurate
risk estimations and do not include any consideration
of the expected health loss due to the occurrence of the
predicted CVD event(s). As a consequence, the selection of high-risk individuals, in whom preventive treatment is initiated, may include individuals at high risk
but with a low expected CVD burden, for example
due to high age. Similarly, young individuals with a
relatively low CVD risk would not receive preventive
treatment, even though their expected CVD burden
(because they will lose life years due to the consequences of a non-fatal or fatal CVD event) could be
substantial. For example, the overall expected burden
due to fatal strokes may be higher in young individuals
than in older individuals even though the risk of a
stroke being fatal increases with age. Indeed, it has
been shown that the estimated consequences in terms
of health loss of having a CVD event vary widely with
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age.8,9 This implies that selecting individuals for preventive treatment based on predicted risks only may
not necessarily result in the most eﬀective nor the
most eﬃcient strategy to reduce CVD burden on population or group level.
In this paper, we investigate if the selection strategy
for preventive CVD treatment can be improved by considering a threshold based on expected CVD burden
rather than on predicted CVD risk. We illustrate how
selected individuals diﬀer, and how this inﬂuences the
eﬀectiveness of a hypothetical preventive treatment
strategy, in a combination of Dutch cohorts.

Methods
To illustrate if CVD preventive strategies can be
improved by considering a burden threshold rather than
a risk threshold, we combined diﬀerent cohort datasets
from The Netherlands. This resulted in a heterogeneous
large dataset with diﬀerent age groups and risks.
First, the MORGEN cohort was used.10,11 The
MORGEN cohort is a subset of the general population from Maastricht, Amsterdam and Doetinchem,
including 20,423 men and women with baseline and
follow-up data.12,13 The second cohort (PROSPECT)
is a cohort 16,401 women for whom baseline and
follow-up data are available after linkage.14 Finally,
we used data from 10,645 patients with a history or
recent diagnosis of manifest atherosclerotic disease
enrolled in the Secondary Manifestations of ARTerial
disease (SMART) Study between January 1996 and
February 2014.15 A reason to include individuals with
a CVD history in the analysis was that these individuals
were older, had more risk factors and a higher occurrence of CVD events.
Combined across these three cohorts 47,469 individuals were eligible for the analysis. The man to woman
ratio was 1:1.92. Baseline information on the individuals per cohort is shown in Supplementary Appendix 1
Table 1.

Estimating CVD risk and CVD burden
The FRS is a widely used CVD risk prediction model
containing easy to measure predictors, e.g. age, gender
and systolic blood pressure (see Supplementary
Appendix 1 Table 2).5,15 The FRS prediction model
was originally not developed to estimate the risk of a
CVD event for individuals with a CVD history.
Currently, there are multiple prediction models available for secondary risk estimations; for example, the
SMART risk score.16,17 Therefore, the FRS was used
to estimate CVD risks of MORGEN and PROSPECT
individuals and the SMART risk score was used to estimate CVD risks of SMART individuals.
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As the FRS predicts the 10-year risk of CVD events
(Supplementary Appendix 1 Table 3, columns 1–3),
only events occurring within 10 years from baseline
(start of cohort) were included in the event distribution
and further analysis. Furthermore, for each cohort, the
event distribution according to the FRS was determined and presented separately for men and women.
The observed event distribution was determined per
International Classiﬁcation of Disease version 10
(ICD-10) code. The event distribution for men and
women is shown per cohort in Supplementary
Appendix 1 Table 3.
To conform to methodological guidelines in prediction modelling, the FRS prediction model was ﬁrst
recalibrated to each cohort, by updating the baseline
hazard and linear predictor better to match each
of the three separate cohorts.18,19 Measures of the
statistical performance after this recalibration, i.e.
discrimination and calibration, were determined per
cohort and separately for men and women. The statistical performance of the FRS after recalibration is
presented in Supplementary Appendix 2. Note that
the SMART risk score was originally developed on
the SMART cohort, therefore recalibrating was not
necessary and only the statistical performance of the
FRS is presented.
To estimate each individual’s expected burden of
CVD, the individual’s predicted risk was multiplied
by the consequences of the events, i.e. multiplying the
probability of having CVD events with the consequences of experiencing CVD events. The consequences
of the occurrence of CVD events were estimated and
expressed in quality-adjusted life years (QALYs) lost
and determined per individual. The consequences
were determined as a product of the observed event
distribution, the impact on QoL following diﬀerent
CVD event types (utilities), and average life expectancy,
representing years of life lost for fatal CVD events. The
observed event distribution was determined separately
for cohort, gender and age groups. The life expectancy
of a (healthy) individual only depended on age and
gender, and the impact of CVD events on QoL was
assumed to be similar for all individuals, i.e. no separate values were used for cohort, gender, or age groups.
Supplementary Appendix 3 presents more information
on the impact of CVD events on QoL and the formula used to estimate CVD burden. In addition,
Supplementary Appendix 3 also provides an example
of the calculation of CVD burden per individual.

Description of the selection process
In this study, we compared four diﬀerent scenarios of
the selection of high-risk individuals for preventive
strategies.
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For scenario 1, risk-based selection, we investigated
individuals at high absolute risk, according to the FRS,
with a 10% risk threshold as recommended in the US
guideline for CVD preventive strategies.6 For consistency, we used one single threshold instead of two
thresholds for each prediction model.
For scenario 2, burden-based selection, individuals
were ranked according to the individual expected CVD
burden. Individuals with the highest burden were then
selected, until exactly the same number of individuals
was selected as when applying scenario 1. The CVD
burden of the selected individual with the lowest
CVD burden was deﬁned as the burden threshold (i.e.
all individuals with a burden exceeding this threshold
were selected). Selecting exactly the same number of
individuals in scenarios 1 and 2 allowed comparison
of the expected beneﬁts from preventive treatment
across these two scenarios.
Scenario 3 combined the selection procedures of
scenarios 1 and 2. Here, individuals were selected if
they had a high predicted risk (scenario 1), a high
expected burden (scenario 2) or both. It was expected
that the two groups of selected individuals would
largely overlap between scenarios 1 and 2 because
‘high predicted risk’ would often lead to ‘high expected
burden’. However, applying a burden-based selection
as in scenario 2 might result in not selecting, and thus
withholding treatment, from a small subgroup of individuals with a high CVD risk currently considered for
preventive treatment (scenario 1). Scenario 3 thus
reﬂects the notion that withholding relatively cheap
and eﬀective preventive medication from individuals
with a high CVD risk but with a low expected burden
may not be desirable.
Given selection on both risk and burden, scenario 3
will select a larger number of individuals for preventive
treatment than scenarios 1 and 2. Therefore, comparison of outcomes between these scenarios is not possible.
To assess the impact of combined selection, scenario 4
was deﬁned as an extension of scenario 2, again selecting individuals on burden, but now selecting exactly the
same number of individuals as in scenario 3.
In Supplementary Appendix 6, two ﬁgures are presented to show more details on the four investigated
scenarios, where the marks represent the selected individuals according to the four scenarios.

Description of hypothetical treatment
For those individuals selected for preventive strategies
in either of the four scenarios, hypothetical treatment
was considered; for example, poly pill, blood pressurelowering medication or aspirin. We assumed that all
individuals adhered to this medication and that medication would lower the risk of CVD events by 35%,
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similarly across all types of CVD events included in the
composite endpoint.20 As preventive CVD medication
often has side eﬀects, these were included in the analysis
(for details see Supplementary Appendix 3 Table 2).
After preventive treatment, the risk reduction on
CVD events was applied to each individual. For all
four scenarios of selecting individuals, the number of
selected individuals, average values of risk and burden,
and average values of reduction in CVD burden after
treatment were determined. The expected number of
events was calculated by summing the estimated CVD
risk of the selected individuals. After preventive treatment, the individual risk estimates were multiplied
by 35% which resulted in a decrease of the average
CVD risk and number of expected CVD events.
Furthermore, the gain in QALYs was determined for
scenarios 2–4 compared with scenario 1 (reference scenario). Scenarios were also compared among each other.

Results
Estimating CVD risk and CVD burden

Predicted risk

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Figure 1 (upper part) shows the barplot for the predicted CVD risks according to the FRS per age group
and gender, with vertical lines representing the 5th and

95th percentile values. The risk estimates vary widely
between men and women. As a consequence, men have
on average a higher predicted risk compared to women.
As expected, there was a trend towards higher CVD
risk with increasing age, both for men and women.
The expected CVD burden increased up to the age of
75 years for men and women and decreased thereafter
(Figure 1, lower part). In addition, the burden estimates
were higher for men than for women for two reasons.
First, CVD risk also partially determines CVD burden
and CVD risks were higher for men. Second, there were
diﬀerences in the observed event rates; for example,
men more often experienced a fatal CVD event than
women (Supplementary Appendix 4 Table 2). This
was due to the high proportion of men in the
SMART cohort. As this subgroup has the highest risk
of fatal CVD, in the combined cohort the CVD risk for
men exceeds that for women. This eﬀect is therefore not
apparent in the other cohorts.
The relation between CVD risk and CVD burden is
shown in Supplementary Appendix 5 Figure 1.

Description of the selection process
In the combined cohort, applying the risk-based strategy to select individuals resulted in a selection of 32.1%

Men
Women

35–45years

45–55years

55–65years

65 –75years

75–85years

–0.4
–0.8
–1.2

CVD burden (QALYs)

0.0

25–35years

Figure 1. Bar plot of the average values for the predicted cardiovascular disease (CVD) risk (upper part) and for the expected CVD
burden (lower part), per age group (for visual clarity, this figure is present with some limit values for the estimates of CVD risk and
burden). The vertical lines represent the 5th and 95th percentile values of the predicted risks in each group and not the confidence
intervals for the expected mean CVD risk estimates. Furthermore, the grey dotted lines represent the threshold with a risk threshold
of 10% (upper part) and a burden threshold of 0.59 quality-adjusted life-years (QALYs) (lower part), with the lower part indicating that
individuals with an expected lifelong health loss due to CVD (i.e. CVD risk multiplied by CVD event consequences) exceeding 0.59
QALYs would be eligible for preventive treatment.
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Table 1. Overall impact of hypothetical preventive treatment when the selected individuals are based on estimates of CVD risk
(threshold of 10%) or CVD burden (threshold of 0.59 QALYs) according to FRS.
Selection

Impact
Average
CVD risk

Expected
number
of events

Estimated
CVD burden
(QALYs lost)

With preventive
treatment
(QALYs lost)

Expected
number
of events

Gain in
QALYs

Men
8182 (50.4%)
Women
7081 (22.7%)
Men and Women
15,263 (32.1%)
Scenario 2: burden-based selection

0.24
0.19
0.21

1961
1334
3295

11320 (1.38)
7191 (1.02)
18,511 (1.21)

7362 (0.90)
4675 (0.66)
12,037 (0.79)

1275
867
2142

3958 (0.48)
2516 (0.36)
6474 (0.42)

Men
Women
Men and Women

0.23
0.19
0.21

2003
1202
3205

11937 (1.34)
7195 (1.13)
19,133 (1.25)

7764 (0.87)
4678 (0.73)
12,441 (0.82)

1302
781
2083

4174 (0.47)
2517 (0.39)
6691 (0.44)

Total selected
individuals (%)
Scenario 1: risk-based strategy

8887 (54.7%)
6376 (20.4%)
15,263 (32.1%)

CVD: cardiovascular disease; QALYs: quality-adjusted life-years.

of all individuals, i.e. 15,263 individuals had a predicted
risk above the threshold of 10% (scenario 1). However,
the percentage of selected men and women was not
similar due to diﬀerent risk estimates, 50.4% and
22.7% of all men and women were considered for the
hypothetical treatment, respectively (Table 1, selection
part). In addition, men were selected for treatment at a
much earlier age than women, with about 50% of men
over 45 years of age qualifying for treatment, while a
similar percentage was reached only in women between
65 and 75 years of age.
At the same proportion of selected individuals for
scenario 2 (the burden-based strategy), the burden
threshold was 0.59 QALYs. This indicates that, on an
individual level, an expected lifelong health loss due to
CVD (i.e. CVD risk multiplied by CVD event consequences) exceeding 0.59 QALYs would make individuals eligible for preventive treatment. Overall, 32.1% of
all individuals had an expected CVD burden exceeding
0.59 QALYs and therefore were assigned to preventive
treatment in scenario 2.
The total number of the selected individuals was, by
deﬁnition, similar, the percentage of men and women
changed across the selection strategies. In scenario 2,
more men, and therefore fewer women, were considered
compared to scenario 1 (Table 1, column 2). Although
in scenario 2 the total number of selected individuals
did not change, individuals were selected based on their
estimated CVD burden rather than on their CVD risk.
Consequently, certain individuals were selected in scenario 2 who were not selected in scenario 1 because their
CVD risk was below the risk threshold of 10%, and
vice versa. Supplementary Appendix 7 provides more
details on the percentage of selected individuals per age
group, separately for men and women, in each scenario.
Comparing scenario 2 with scenario 1, on average the

risk estimates were similar and burden estimates
were higher. The diﬀerence in burden estimates was
mainly caused by the fact that on average younger individuals qualify for treatment in scenario 2, compared to
scenario 1. The lower part of Figure 1 shows that, for
example, for the age group 35–45 years, the part of the
percentile interval line above the threshold (grey dotted
line) is larger than in the upper part of Figure 1. As an
example of diﬀerent implications of scenarios 1 and 2,
15.2% and 4.4% of the men and women between the
age of 35 and 45 years were selected for preventive
treatment in scenario 1, whereas many more individuals
(28.6% and 13.9% of the men and women, respectively)
were selected in scenario 2. Additional details on
selected individuals and average values of risk and
burden per age group and gender are provided in
Supplementary Appendix 6.
Following scenarios 3 and 4, an additional 2351 individuals were selected, which resulted in a group that
included 37.1% instead of 32.1% of all individuals
(Table 2, selection part).

Description of the impact of hypothetical treatment
Treatment following a risk-based selection strategy
(scenario 1) is estimated to yield 6474 QALYs, compared to no treatment. Treatment following the
burden-based selection strategy (scenario 2) is estimated to yield 6691 QALYs (Table 1). Hence, without
treating more individuals, 217 QALYs can be gained
from switching to a burden rather than a risk-based
selection strategy.
When comparing scenario 3 to scenario 1, the
expected gain was 628 QALYs (Table 2). This diﬀerence in QALYs was due to the eﬀect of treating the
additionally selected individuals, hence comparison of
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Table 2. Scenario analyses for four different selection strategies.
Selection

Impact

Total selected
individuals

Scenario 1: Risk-based strategy
(risk 0.10)
Scenario 2: Burden-based strategy (burden 0.59 QALYs)
Scenario 3: Extended risk-based
strategy (risk 0.10 or
burden 0.59 QALYs)
Scenario 4: Extended burdenbased strategy (burden 0.51
QALYs)

Estimated
CVD burden
(QALYs lost)

Gain in QALYs

Gain in QALYs
compared to
scenario 1

N

%

Total

Average

Total

Average

Total

15,263

32.1

18,511

1.20

6474

0.42

–

15,263

32.1

19,133

1.24

6691

0.44

217

17,614

37.1

20,310

1.15

7103

0.40

628

17,614

37.1

20,426

1.16

7143

0.41

669

CVD: cardiovascular disease; QALYs: quality-adjusted life-years.

the current and new risk-based strategy is not directly
informative. For a more informative comparison the
burden-based strategy was extended (scenario 4) by
also selecting 37.1% of the individuals as in scenario
3; this was achieved by decreasing the burden threshold
by 0.08 QALYs to a threshold of 0.51 QALYs. After
hypothetical treatment, the gain from scenario 4 compared to scenario 3 was 41 QALYs (Table 2, column 8).
Overall, the gain was 217 QALYs without treating
additional individuals (scenario 2 vs. scenario 1) and
669 QALYs when additional individuals were selected
based on their CVD burden (scenario 4 vs. scenario 1).
Hence, scenario 2 has potential for greater health gain
than scenario 1, and, likewise, scenario 4 has potential
for greater health gain than scenario 3. As it may not be
desirable to withhold preventive treatment from individuals currently eligible for preventive treatment (according
to scenario 3), the opportunity loss of not implementing
scenario 4, compared to scenario 3, is 41 QALYs.
The analysis on the combined dataset is also performed on the diﬀerent cohorts separately, the results
are presented in Supplementary Appendix 8.

selected, with the selected young individuals having a
low absolute risk but potentially a high health loss with
a corresponding high expected burden when a CVD
event would occur. As individuals selected on their
expected CVD burden have, on average, a higher
expected burden than individuals selected on their predicted risk, burden-based selection increases the health
beneﬁts of preventive treatment. When both selection
strategies are combined, the yield of preventive treatment increases further without the need to withhold
preventive treatment in older individuals at (relatively)
high risk.
Furthermore, aggregating the individual estimates of
CVD burden provides an estimated total CVD burden
in a speciﬁc population, which can also be interpreted
as the maximum theoretical health gain achievable by
any preventive strategy in this population. When
assessing and comparing CVD prevention strategies,
the extent to which they would be able to reduce the
CVD burden on population or group level should be
the primary ‘eﬀectiveness’ outcome of an impact assessment, as it better matches the targets set by the WHO
and other organisations.21

Discussion
This study illustrates how health beneﬁts from preventive hypothetical treatment increase when the selection
of individuals qualifying for preventive intervention
changes rather than the intervention itself. Our study
results illustrate that the current risk-based selection
mainly targets older individuals, because CVD risk rapidly increases with age. Furthermore, when exactly the
same number of individuals was selected based on their
CVD burden, both old and young individuals are

Clinical impact
Many western countries have implemented a risk-based
selection strategy to select individuals who should use
medication to prevent CVD. Following this strategy,
many older persons use such medication. This study
illustrates how a new selection method may increase
the health beneﬁts from CVD preventive treatment.
However, in clinical practice the results may vary.
A switch from a risk-based to a burden-based strategy
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implicates earlier intervention with preventive strategies
in younger individuals. This raises the question of
whether the prescription of medication is desirable for
these individuals because they have to take lifelong medication which may complicate and lower adherence.
A lifestyle intervention may be more appropriate for
this group.22 Furthermore, communication is key here
because young individuals have a low absolute risk but
their relative risk may be high. For example, a 2.6% risk
for a 30-year-old woman may not seem very threatening,
but as this risk falls in the highest risk quintile, it is very
high compared with the risk of peers.
Another implication of the switch from risk to
burden-based strategies is the withdrawal of preventive
medication for some using or currently starting with
preventive medication. This is particularly the case in
older people with a low expected burden. The exact
beneﬁts are still under debate, however, as multiple
studies have investigated the added value of medication, for example statins, in older individuals. Han
et al. concluded that there was no beneﬁt in giving
pravastatin in primary prevention for all-cause mortality or coronary heart disease events among adults aged
65 years and older.23 In addition, Thompson et al.
showed that the pay-oﬀ time of using statins in primary
CVD prevention lengthened when the direct treatment
disutility of medication increased.24 In 2012, the
American Geriatrics Association recommended that
clinicians should balance the beneﬁts and harms of
interventions in older individuals.25 For example, the
beneﬁts of most medication are long term, i.e.
decreased CVD risk, while the harms are short term,
e.g. muscle weakness in elderly people. Balder et al.
showed a large discrepancy between CVD risk guidelines and the current practice of statin prescription in
The Netherlands, i.e. a large group of individuals had
no discernible cause for statin treatment.26

Strengths
This study provides a transparent and detailed illustration of diﬀerent strategies to select individuals for a
preventive CVD intervention rather than improving
the intervention itself. Risk-based selection compresses
the individualised characteristic of the patient into one
single number. Moreover, individuals with a similar
high predicted CVD risk can be signiﬁcantly diﬀerent.
As there is no direct relation between risk and burden
estimates, similar risk estimates may result in varying
health consequences of the disease and health beneﬁts
of preventive treatment. However, burden-based selection accounts for patient age and gender, in addition to
predicted risk. Individuals with a similar burden may
also be diﬀerent, but the impact of preventive treatment
will not vary signiﬁcantly when expressed as a
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reduction of this burden. Furthermore, this way of considering individuals for preventive strategies is a move
into the direction of more individualised care and
increasing the eﬀectiveness of a preventive strategy
without (possibly) increasing costs, as similar numbers
in a population use preventive medication.27 The dataset used consists of individuals from a broad age range
with relatively young individuals, whereas studies on
CVD prevention often only include older individuals.
However, the power in this young age group is low due
to a low number of observed CVD events.

Limitations
As the main focus of this study is to illustrate a proof of
concept, our data may not accurately represent the
population of The Netherlands. Preferably, we would
have used one large cohort consisting of individuals
aged from 20 to 90 years with a follow-up time of 15
years or longer. Unfortunately, such a cohort is not
available in The Netherlands, and probably not even
worldwide, therefore we used and combined three existing cohorts. Although our approach may yield slightly
diﬀerent results in population cohorts from other countries, the analysis itself is generalisable across other
populations or can be repeated in a large population
cohort whenever data are available.
In this study, only ﬁrst CVD events are taken into
account, although in practice individuals may experience
more CVD events in a 10-year period. This simpliﬁcation
may lead to an underestimation of the burden estimates
but was necessary because the registration of sequential
events in individuals was not always very accurate in the
cohorts included. Should we have had more data on
follow-up and/or the sequence of CVD events within individuals, the expected burden would probably have been
greater. Consequently, the absolute diﬀerences in QALYs
gained between scenarios would have been diﬀerent but
the relative diﬀerences would still be marginal. As this
study is an illustration of a proof of concept, we had to
make a choice on the treatment eﬀect and possible side
eﬀects of the preventive treatment. In our analysis only a
single overall eﬀectiveness estimate of event reduction
was applied; however, the treatment eﬀect of the medication may be diﬀerent per age group because the observed
CVD event rates diﬀer for sex and gender. Furthermore,
in practice diﬀerent treatments (e.g. statins, antihypertensive drugs, or both) will be likely to be provided to diﬀerent individuals depending on their risk proﬁle. Along with
a large variation in individuals’ baseline risks, the
expected risk reduction of preventive treatment in practice will vary substantially across individuals. The impact
of assuming no variation could be assessed, for example,
in a patient-level model with separate risk reduction estimates for each individual, or in deterministic sensitivity
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analyses based on a range of plausible risk reductions.
However, this would further complicate the analyses
and is therefore mainly of interest when either the average
risk reduction in groups of individuals deviates substantially from 35%, or when absolute outcomes of selection
scenarios are appraised rather than diﬀerences between
scenarios, as in our analysis. As our purpose was merely
to demonstrate a proof of concept and not to evaluate
absolute outcomes or real-world implementation of
burden-based selection strategies, we chose not to
account for individual variation of treatment eﬀectiveness. A concrete application of this burden-based selection strategy requires detailed information on the
eﬀectiveness and consequences of the medication, the
risk of the associated side eﬀects, and should account
for sequences of CVD events within individuals.
The results show that after hypothetical treatment
the burden-based selection strategy provides more
QALYs prevented compared to the risk-based strategy.
However, the gain in QALYs was not equally distributed for men and women. The reduction in CVD
burden according to the burden strategy was mainly
caused by selecting more men and consequently fewer
women. In other words, women had to sacriﬁce health
beneﬁts such that men had more health beneﬁts from
preventive treatment. Although this is a disadvantage
of the burden-based strategy, the analyses can easily be
performed for men and women separately; for example,
with a gender-speciﬁc burden threshold. To investigate
this matter further, we applied both selection strategies
on the cohorts separately (see Supplementary Appendix
8). The results showed that more women were selected
according to the burden strategy compared to the risk
strategy. In other words, the switch in selected individuals was in the opposite direction. For the combined
dataset, this means that the reduction in CVD burden
may be biased due to a cohort eﬀect because
PROSPECT only consists of women. In addition, the
imbalance in gender was already present in the riskbased strategy in which a larger proportion of men
was selected compared to women. The eﬀect of risk
selection was enhanced because the health consequences of CVD events, e.g. more severe CVD events,
were greater in men. The imbalance in health beneﬁts
from preventive treatment for men and women is
undesirable; however, it is logical because our present
goal was to maximise the number of QALYs to be
gained from preventive treatment. Furthermore, the
unfavourable eﬀects are resolved in the extended selection strategy in which currently selected individuals
retained their preventive treatment. The additionally
selected individuals were mostly men, hence the
QALY gain is caused by giving men preventive medication only now without withdrawing women from preventive medication.

649
Although in our analysis we ﬁxed the burden threshold
value to select the exact same number of individuals for
preventive treatment as in traditional risk-based selection,
in practice diﬀerent burden thresholds can be set, and
thresholds could also vary across subgroups of individuals. For example, in a formal health economic analysis
the optimal value of the burden threshold for preventive
treatment may be determined, even separately for men
and women, or depending on comorbidities of individuals, if such distinctions are deemed socially and ethically
acceptable. Similarly, for consistency we used one single
risk threshold because diﬀerent thresholds may have complicated the analysis and interpretation of the results.

Conclusion
For decades, risk-based prevention has been applied to
optimise the selection of individuals eligible for preventive interventions from a perspective in which risk
reduction is seen as the ultimate goal. With the increasing emphasis on the actual health outcomes of patients,
and on the improvements in these health outcomes provided by (preventive) interventions, it is now time to
add a burden component to selection strategies. This
is straightforward and easily implementable in clinical
practice, and can eﬃciently improve the health beneﬁts
from preventive interventions.
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