
INTRODUCTION
Statins (HMG-CoA reductase inhibitors) 
are cholesterol-lowering drugs used in the 
prevention of cardiovascular disease (CVD). 
They are prescribed for those with known 
CVD (secondary prevention), as well as for 
those considered at risk of CVD but who have 
not yet had an event (primary prevention). 
The last 30 years have seen a large increase 
in the utilisation of statins,1–4 consistent with 
changes in recommendations by clinical 
guidelines.5 Debate has ensued about such 
changes,6–8 which have tended to expand 
the number of people eligible for treatment, 
particularly in primary prevention.9,10 The 
authors’ previous analysis found that almost 
two-thirds of people who were taking statins 
did so for primary prevention.11 

While recent analyses have found statins 
to be cost-effective in primary prevention,12,13 
issues such as the tolerability and safety of 
statins, or the views of patients on life-
long drug therapy, were not considered.14 
Accounting for even modest estimates of 
the disutility caused by daily medication 
use could negate the benefit of statins and 
result in net harm to low-risk people rather 
than net benefit.12 In short, while clinical 
guidelines and cost-effectiveness studies 
have broadly supported the widening use 
of statins in low-risk people, a major caveat 

exists in terms of acceptability to patients 
and benefit to society. 

Decisions to take or prescribe a medicine 
involve a trade-off between the perceived 
benefits and harms and is particularly 
salient for those choosing to take a statin 
for the primary prevention of CVD. As the 
patient often feels healthy, they may perceive 
the medicine as unnecessary with uncertain 
benefits and potential side effects.15 Various 
methods to aid the decision-making of the 
individual patient and clinician now exist,16–19 
such as the ‘number needed to treat’ (NNT); 
that is, the number of patients that must be 
treated to prevent one additional adverse 
outcome (for example, death or stroke) over 
a specified time period.20 

The overarching aim of this study was 
to explore the impact of changing clinical 
guidelines on statins for prevention 
of cardiovascular events over time, 
incorporating patient preferences regarding 
preventive treatments. This involved four 
analyses. First, the authors estimated the 
increasing proportions of people who would 
be considered eligible for statin treatment 
according to each of seven European Society 
of Cardiology/European Atherosclerosis 
Society (ESC/EAS) guidelines from 1987 to 
2016. Second, the authors estimated the 
potential cost increases associated with each 
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Abstract
Background
Changes in clinical guidelines for primary 
prevention of cardiovascular disease (CVD) have 
widened eligibility for statin therapy. 

Aim
To illustrate the potential impacts of changes in 
clinical guidelines.

Design and setting
Modelling the impacts of seven consecutive 
European guidelines based on a cohort 
of people aged ≥50 years from the Irish 
Longitudinal Study on Ageing. 

Method
The eligibility for statin therapy of a sample 
of people without a history of CVD was 
established, according to changing guideline 
recommendations and modelled associated 
potential costs. The authors calculated the 
numbers needed to treat (NNT) to prevent one 
major vascular event in patients at the lowest 
baseline risk for which each of the seven 
guidelines recommended treatment, and for 
those at low, medium, high, and very-high 
risk according to 2016 guidelines. These were 
compared with the NNT that patients reported 
as required to justify taking a daily medicine. 

Results
The proportion of patients eligible for statins 
increased from approximately 8% in 1987 
to 61% in 2016; associated costs rose from 
€13.9 million to €107.1 million per annum. 
The NNT for those at the lowest risk for which 
each guideline recommended treatment rose 
from 40 to 400. By 2016, the NNT for low-risk 
patients was 400 compared to ≤25 very-high 
risk patients. The proportion of patients eligible 
for statins achieving NNT levels that patients 
regarded as justified to taking a daily medicine 
fell as guidelines changed over time.

Conclusion
Increased eligibility for statin therapy impacts 
large proportions of the present population 
and healthcare budgets. Decisions to take and 
reimburse statins should be considered on 
the basis of expected cost-effectiveness and 
acceptability to patients.

Keywords
drug costs; guideline; hydroxymethylglutaryl-
CoA reductase inhibitors, patient preference; 
primary prevention. 
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consecutive guideline recommendation. 
Third, the NNT to prevent one major vascular 
event in patients at the lowest baseline risk 
for which each guideline recommended 
treatment was calculated, as well as for those 
at low, medium, high, and very-high risk 
according to the most recent 2016 guideline.21 
Finally, the authors compared these NNTs 
with those reported by patients as being the 
minimum benefit they would need to justify 
taking a daily medicine.15 

METHOD
Sample
The sample comprised nationally 
representative participants from a 
community dwelling population aged 
≥50 years from The Irish Longitudinal 
Study on Ageing (TILDA), who had no 
reported prior history of CVD (n = 4513) 
(Figure 1) TILDA collects health-related 
and sociodemographic data on a nationally 
representative sample of adults living in a 
community aged ≥50 years in Ireland and 
the sample in this study was based on 
the authors’ previous secondary analysis of 
these data.11 

Time trends in eligibility for statins for 
primary prevention
Each clinical guideline describes 
cholesterol thresholds that may warrant 
statin treatment, depending on a person’s 
baseline risk. Using these thresholds, the 
authors calculated the proportion of the 
TILDA sample that would be considered 
eligible for statin therapy. While these 
guidelines often recommend a trial of 
lifestyle changes to lower cholesterol levels 
before prescribing, for the purpose of this 
analysis, the authors assumed treatment 
thresholds above which statins would be 
prescribed based on each of the guidelines 
(further information is available from the 
authors on request).

Cost increases due to widening eligibility
The researchers used cost data from 
June 2016 to reflect the type, dosages, 
and frequency of statins reimbursed 
through the General Medical Service (GMS) 
in Ireland. A weighted average annual 
cost per patient taking statins of €149.33 
was estimated. The population in Ireland 
≥50 years is 1 446 460 individuals and 
based on a previous study of TILDA, the 
researchers estimated that 81% of these 
do not have prior CVD (n = 1 171 326).11 
Total cost of statins was calculated by 
multiplying the estimated weighted average 
annual cost per patient by the estimated 
population of interest. Uncertainty was 
explored using a Monte Carlo simulation 
process, in which the proportions and units 
costs were assigned appropriate probability 
distributions, and 1000 replications of the 
total cost were generated to estimate 95% 
confidence intervals (CIs).

Changes in numbers needed to treat due 
to treatment threshold changes over time
Each clinical guideline defined baseline risk 
levels above which treatment with statins 
could be recommended, depending on the 

How this fits in 
Changes in clinical guidelines for primary 
prevention of cardiovascular disease (CVD) 
have widened eligibility for statin therapy. 
While previous studies have considered 
changes to clinical guidelines, the present 
study has analysed the impacts over a 
30-year period, considering both societal 
perspectives and the perspective of the 
individual patient. The proportion of patients 
eligible for statins, associated costs, 
and numbers needed to treat to prevent 
cardiovascular events have risen significantly 
as the guidelines changed over time. 
However, fewer patients now achieve the 
numbers needed to treat levels that patients 
regard as justified to taking a daily medicine.

Figure 1. Flow chart of the number of participants from 
the Irish Longitudinal Study on Ageing (TILDA) included 
in the analysis. CVD = cardiovascular disease.  
LDL = low-density lipoprotein.
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individual’s cholesterol levels. For example, 
in the 2016 guideline, a person at low 
risk whose baseline risk is <1%, could 
be recommended for statins if their low-
density lipoprotein (LDL) was >4.9 mmol/L. 
Thus, all people at low risk would not be 
eligible for treatment, only those with LDL 
>4.9 mmol/L. However, as some people at 
low risk could be eligible, the lowest level of 
risk for the purposes of calculating the NNT 
was defined as 1%.

In 1994 and 1998 the guidelines 
recommended use of the Coronary Risk 
Chart to assess a person’s baseline risk of a 
fatal or non-fatal CVD event; the lowest risk 
at which statins could be recommended 
was 20%. From 2004, the Systematic 
Coronary Risk Evaluation (SCORE) risk 
assessment tool was recommended to 
assess a person’s baseline risk of a fatal 
CVD event. Thus, the risk bands used in 
this analysis may seem low to those more 
familiar with other risk assessment tools 
such as QRISK, which estimate a person’s 
risk of fatal and non-fatal CVD. Anyone 
whose baseline risk of a fatal CVD event is 

≥5% is considered ‘high risk’ according to 
SCORE, whereas anyone whose baseline 
risk of a fatal or non-fatal CVD event is 
>20% is considered ‘high risk’ according 
to QRISK. The lowest risk at which statins 
could be recommended in 2004 and 2007 
was 5%, and in 2012 and 2016, <1%. As two 
different types of risk assessment tool were 
used in the guidelines, it was necessary to 
equivalise each person’s baseline 10-year 
risk of fatal CVD events (SCORE) to the 
comparable risk of fatal and non-fatal CVD 
events (Coronary Risk Chart). 

The researchers assumed that taking 
statins reduced a person’s risk of major 
vascular events by 25% (risk ratio [RR] 
0.75, 95% CI = 0.70 to 0.80)22, and estimated 
the NNT to prevent one event for those at 
the lowest risk for which each guideline 
recommended treatment. Calculations 
of NNTs to prevent major vascular event 
in those at lowest risk according to all 
guidelines are available from the authors 
on request. The authors also calculated the 
NNTs for those considered low, medium, 
high, and very-high risk according to the 
most recent EAS/ESC guideline).21

Numbers needed to treat and the patient 
perspective
The researchers considered the NNTs 
estimated above in the context of a 
systematic review15 that reported on the 
minimum acceptable risk reduction that 
patients say is necessary to justify a daily 
intake of medication to prevent CVD events.15 
Acceptable NNTs were reported in this 
review in terms of 5-year NNTs, and it was 
necessary to convert each person’s baseline 
10-year risk to the equivalent 5-year risk. 
A wide variation in this preference was 
reported: between 46% and 87% (average 
71%) of participants would consider taking a 
medication with an NNT ≤30. For illustrative 
purposes only, the authors used the NNT 30 
as a proxy for acceptability of taking statins 
for life and assumed that an NNT >30 is 
not acceptable to any patient. Details of 
calculations to determine the proportions 
of patients eligible for statins, according to 
each guideline, who reach an NNT ≤30; and 
the proportion of those eligible for statins 
who would consider taking medication is 
available from the authors on request. 

RESULTS
Time trends in eligibility for statins for 
primary prevention
In 1987, approximately 8% of the sample 
group would have been eligible for statin 
therapy, and by 2016, 61%; an increase of 

Table 1. Proportion of participants eligible for statin therapy according 
to changes in ESC/EAS clinical guidelines and associated cost 
implications 

Year of clinical	 Proportion eligible  
guideline	 for statins, % (SE)	 Cost, €	 95% CI

1987	 7.95 (0.33)	 13 902 610	 12 668 710 to 15 045 833

1994	 9.68 (0.44)	 16 924 364	 15 364 264 to 18 456 889

1998	 20.46 (0.60)	 35 767 583	 33 583 491 to 37 922 496

2004	 33.33 (0.70)	 58 256 655	 55 808 914 to 60 866 411

2007	 41.14 (0.73)	 71 918 939	 69 140 111 to 74 850 412

2012	 62.33 (0.72)	 108 959 843	 106 127 604 to 112 017 290

2016	 61.27 (0.73)	 107 100 599	 104 314 514 to 110 061 679

ESC/EAS = European Society of Cardiology/European Atherosclerosis Society. SE = standard error.

Figure 2. Proportion of participants eligible for statin 
therapy according to changes in ESC/EAS clinical 
guidelines 1987–2016.  ESC/EAS = European Society of 
Cardiology/European Atherosclerosis Society.
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663% in eligibility. As the characteristics of 
the sample remained the same, changes 
in eligibility for statin therapy were due to 
changes in treatment thresholds of the 
guidelines and not changes in the sample 
(Figure 2).

Cost increases due to widening eligibility
Assuming that all those eligible took 
statins according to each guideline, the 
overall national cost would increase from 
€13.9 million in 1987 to €107.1 million in 
real terms (2016 prices), and includes both 
public and private expenditure on statins 
(Table 1 and Figure 3).

Changes in numbers needed to treat due 
to treatment threshold changes over time
The NNT to prevent one major vascular 
event in those at the lowest levels of risk 
for which statins could be recommended 
was 40 according to the 1994 and 1998 
guidelines; 73 according to the 2004 and 
2007 guidelines; and 400 according to the 
2012 and 2016 guidelines (Figure 4).

Of those at low risk, 400 people would 
have to be treated in the group to prevent 
one major vascular event; between 53 and 
400 people at moderate risk; between 25 
and 53 people at high risk; and ≤25 people 
at very-high risk according to the 2016 
guideline (Table 2). 

Numbers needed to treat and the patient 
perspective
The proportion of people recommended for 
treatment who would reach an NNT ≤30 
was 79% in 1994, rising to 84% in 2004, and 
falling to 58% in 2016 (Figure 5). 

However, as Albarqouni et al reported 
in their systematic review, there is a wide 
range in the proportion of people who would 
find this NNT acceptable; between 46% and 
87% (average 71%).15 Therefore, on average, 
the proportion of those who were eligible for 
statins, and who would find this NNT as an 
acceptable trade-off for taking a medicine 
for life fell, from 56% in 1994 to 41% in 2016 
(Figure 6).

Only some of those classified as high and 
very-high risk, according to the 2016 EAS/
ESC guidelines, would reach an acceptable 
NNT <30. Proportions of those eligible for 
statins according to the 2016 guideline 
with an NNT ≤30 who would accept the 
medication are available from authors on 
request.

DISCUSSION
Summary
Changes in clinical guideline 
recommendations have resulted in more 

Figure 3. Associated cost implications of changes in ESC/EAS clinical guidelines 1987–2016. ESC/EAS = European 
Society of Cardiology/European Atherosclerosis Society.
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Figure 4. NNT for those at the lowest baseline risk for which statins could be recommended according to ESC/EAS 
guidelines for the prevention of cardiovascular disease. The 1987 guidelines recommend treating anyone whose total 
cholesterol threshold exceeds 6.5 mmol/L, but does not describe the baseline level of risk required by a person to 
initiated treatment. Thus, the NNT cannot be calculated for 1987. Details of calculated risks are available from the 
authors on request. ESC/EAS = European Society of Cardiology/European Atherosclerosis Society. NNT = numbers 
needed to treat.

Table 2. NNT to prevent one major vascular event in each sample 
profile

Absolute 5 year risk	 RR reduction in major	 Absolute risk reduction of  
of fatal and non-fatal	 vascular events from	 major vascular events  
CVD eventsa, %	 taking statinsb (95% CI) 	 from taking statins, %	 NNT, n

Low risk (<1)	 0.75 (0.70 to 0.80)	 0.25	 ≥400 

Moderate risk (1–7.4)	 0.75 (0.70 to 0.80)	 0.25–1.9	 400–53

High risk (7.5–15.9)	 0.75 (0.70 to 0.80)	 1.9–4.0	 53–25

Very high risk (≥16)	 0.75 (0.70 to 0.80)	 4.0	 ≤25

aRisk conversions are available from the authors on request. bRR reported for the outcome ‘Major vascular events’ 

as reported in Cholesterol Treatment Trialists Collaboration.26 NNT = numbers needed to treat. RR = risk ratio. 
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than a 600% increase in statin eligibility for 
primary prevention, with 61% of the cohort 
becoming eligible for statin therapy by 2016 
with significant cost implications. While 61% 
may be eligible based on guideline criteria, 
this does not necessarily represent the 
actual proportion of this patient population 
who are taking statins. Indeed, the authors’ 
previous analysis found that only 30% of the 
TILDA cohort took statins11 and adherence 
to statins in real life is reported to be, 
on average, 50%.23 However, the purpose 
of this article is to illustrate the potential 
impacts of widening statin eligibility based 
on changing guidelines over time.

Debate has ensued about clinical 
guideline recommendations,6–8 which have 
tended to expand the number of people 
eligible for treatment, without explicitly 
considering the adverse impacts of such 
measures.5,8 For example, a UK study 
found that if a new risk threshold were 
used, almost all of their sample would be 
indicated for statin treatment compared 
to less than three-quarters when the 
previously recommended risk threshold 
was used.24 A US study found that almost 

half of those currently not on statins would 
be recommended for statin treatment 
according to new guidelines; the largest 
potential change was in those without CVD 
or diabetes.25 

However, for many of the individuals, 
the reduction in risk of cardiovascular 
events would not be large enough to justify 
taking a daily medication. Using the most 
conservative estimate, half of all those 
taking statins for primary prevention would 
not find it acceptable to take a statin for life. 
Using the least conservative measure, less 
than one-third of this patient population 
would find taking statins acceptable. 

In the present analysis it was assumed 
that the relative risk reduction from taking 
statins was similar across subgroups. 
However, when stratified by sex, smaller 
non-significant reductions in major 
vascular events were reported for females,26 
which would further reduce acceptability. 
The evidence supporting statin use in older 
people is mixed,27–29 and should also be 
considered in terms of acceptability for 
this group. Albarqouni et al reported that 
in one study only 3% of older people (mean 
age 76 years [SD 7 years]) who live in a 
community would agree to a medication 
with adverse effects that could affect their 
activities of daily living, and half would 
not agree to take the medication if it 
was associated with even mild fatigue or 
nausea.15 In addition, younger people in the 
intermediate risk group would be much 
less healthy in relative terms to their peers 
than those in the older age groups, who 
make up the majority of this shift in usage. 
Studies have found that statin use can 
be associated with an increased risk of 
myopathy, rhabdomyolysis, diabetes, and 
haemorrhagic stroke,30 although debate 
has ensued as to the prevalence and 
significance of such adverse effects.31

The implications of the present findings 
are that pharmacoeconomic evaluations 
and clinical practice guidelines, as currently 
conducted, may not be sufficient to evaluate 
the value of statin therapy and recommend 
appropriate usage. There have been calls 
to incorporate evidence from sources other 
than conventional clinical trials into the 
development of clinical guidelines, including 
the views and experience of those using the 
intervention.32 Cost-effectiveness analyses 
(CEAs) have sometimes, albeit rarely, 
included NNT ratios, and this may increase 
the understanding and relevance of such 
publications for prescribers and patients.33 
It can be seen that a patient’s preference 
for taking a daily medication is an important 
factor in assessing whether statin use 

Figure 5. Proportion of those eligible for statins who 
are above the acceptable NNT needed to justify taking 
a daily medication. The 1987 guidelines recommend 
treating anyone whose total cholesterol threshold 
exceeds 6.5 mmol/L, but does not describe the baseline 
level of risk required by a person to initiated treatment. 
Thus, the NNT cannot be calculated for 1987. Details 
of calculated risks are available from the authors on 
request. ESC/EAS = European Society of Cardiology/
European Atherosclerosis Society. NNT = numbers 
needed to treat.

Figure 6. Proportion of those eligible for statins 
who accept their NNT. The authors assumed that no 
participant whose NNT >30 accept taking statins. 
ESC/EAS = European Society of Cardiology/European 
Atherosclerosis Society. NNT = numbers needed to 
treat.
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represents net benefit. The consideration 
of such preferences should be incorporated 
into future CEAs and clinical guidelines.

Strengths and limitations 
To the authors' knowledge, this study is 
the first to simulate the effect of evolving 
guidelines over a 30 year period and 
can inform the debate on appropriate 
prescribing. The study has some limitations: 
the authors assumed that statin therapy 
was initiated at certain thresholds, even 
though some of these patients may be 
recommended lifestyle changes rather than 
statin therapy. The estimation of baseline 
risk within the TILDA sample was complex. 
Some of the sample may have already been 
taking statins and therefore their original 
baseline risk would have been higher, and 
the risk estimated for the current study may 
underestimate this original baseline risk as 
their cholesterol was now well controlled. 
The authors did not assess the changes 
in types of statins, dosage, or generic 
substitution over the period considered 
and, in the absence of patient-level data 
relating to type and dosage of statin, the 
authors employed an estimated average 
unit cost. All estimates in the cost analysis 
were presented in real terms based on 
2016 prices which, while medical inflation 
has not been significant, may not reflect 
current prices. Finally, the estimates 
relating to patient preferences were based 
on a published systematic review.15 This 
review found that the assessment methods 
used to examine patient preferences were 
heterogeneous with a wide variety of 
estimates reported. Therefore, an accurate 
quantitative summary estimate of the 
minimum acceptable risk reduction could 
not be calculated, and the authors used 
a NNT of 30 as a proxy for acceptability 
of taking statins for life for illustrative 
purposes only. It is important to point out 
that each of the four aspects of the results 
of this article would require much more 
detailed analysis to ascertain the real-world 
impacts of widening eligibility for statins 
use. In addition, the generalisability of 
these findings may be limited, since they 
are based on a study of one country. The 
sample used was nationally representative 
of the Irish population aged ≥50 years and 
the costs based on reimbursement data 
from Ireland. The patient preferences were 
taken from a systematic review of patient 
preferences, which included studies from 
many countries.15 It is possible that patient 
preferences differed in individual countries 
according to social and cultural norms. 
In addition, prescribing, insurance and 

reimbursement practices, as well as drug 
costs, will differ from country to country. 
However, the authors believe that their 
analysis offers an important and original 
insight to inform decision-making in clinical 
practice and policy. 

Comparison with existing literature
As noted above, to the authors' knowledge, 
this study is the first that has examined the 
influence of changing clinical guidelines 
over a 30 year period. However, other 
studies have considered the impacts of 
single changes to guidelines, both in Europe 
and the US. For example, McFadden et al 24 
estimated numbers affected by changes 
in 2014 to UK guidelines for statin use in 
primary prevention of CVD. The guidelines 
had previously recommended that statin 
treatment was indicated for those whose 
baseline risk exceeded 20% (QRISK), but 
the new guidelines recommended that 
those whose risk exceeded 10% now be 
considered for treatment. The authors 
estimated that 58% of males and 55% of 
females would be indicated for treatment 
by 5 years, and 71% of males and 73% 
of females by 10 years using the 20% 
threshold. Using the proposed threshold 
of 10%, 84% of males and 90% of females 
would be indicated for treatment by 5 years 
and 92% of males and 98% of females 
by 10 years. Ueda et al 34 determined risk 
factor levels required to exceed the risk 
threshold for statin therapy, and to estimate 
the number of adults in England who would 
require statin therapy under these new 
guidelines. They found that:

'Even with optimal risk factor levels, males 
of different ethnicities would exceed the 
10% risk threshold between the ages of 60 
and 70 years, and females would exceed 
the threshold between 65 and 75 years. 
Under the NICE guidelines, 11.8 million 
males and females (37% of the adults aged 
30–84 years) would require statin therapy, 
most of them (9.8 million) for primary 
prevention. When analysed by age, 95% of 
males and 66% of females without CVD in 
ages 60–74 years, including all males and 
females in ages 75–84 years, would require 
statin therapy.’ 

Schoen et al 25 reported that changes 
to treatment guidelines from 2001 
Adult Treatment Panel III (ATPIII) to 
2013 American College of Cardiology/
American Heart Association (ACC/AHA) 
guidelines would expand the number of 
patients recommended to receive statins, 
particularly among patients who were 
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previously thought to be at moderate 
risk, and would increase the intensity of 
treatment for many patients at high risk. 
Abramson and Wright35 quantified this 
increase, noting that the changes:

‘… increased the number of Americans 
for whom statins are recommended from 
13 million to 36 million, most of whom 
do not yet have but are estimated to be 
at moderately elevated risk of developing 
coronary heart disease.’ 

Implications for research and practice 
Changes in recommendations for the use 
of statins would result in almost two-thirds 
of those aged ≥50 years in Ireland and 
similar countries being considered eligible 

for statin therapy. This has implications for 
the medicalisation of large proportions of the 
population, as well as for already resource 
constrained healthcare budgets. The value 
for money of the widening use of statins 
should be considered from both a societal and 
individual perspective. The decision to take 
and reimburse statins could be informed by 
NNTs, which are large in some risk categories. 
As can be seen from the present analysis, 
a proportion of the sample would require 
significantly greater reductions in absolute 
risk to justify taking a daily medication. The 
patient’s decision to take statins should be 
considered in the context of shared decision-
making, and the relevant NNT, so that 
informed choices can be made relevant to 
their individual baseline risk.
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