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Background-—A validated prediction model estimates the absolute benefit of intensive versus standard lipid-lowering therapy (LLT)
with statins on next major cardiovascular events for individual patients with coronary artery disease. We aimed to assess whether
targeting intensive LLT therapy to coronary artery disease patients with the highest predicted absolute benefit is cost-effective
compared to treating all with standard or all with intensive LLT.

Methods and Results-—A lifetime Markov model was constructed for coronary artery disease patients (n=10 000) with mean age
61 years. Number of major cardiovascular events, (non) vascular death, costs, and quality-adjusted life years (QALYs) were
estimated for the following strategies: (1) standard LLT for all (reference strategy); (2) intensive LLT for those with 5-year absolute
major cardiovascular events risk reduction (ARR) ≥3%, ≥2.3%, or ≥1.5% (corresponding to ≥20%, ≥15%, or ≥10% 5-year major
cardiovascular events risk); and (3) intensive LLT for all. With intensive LLT for those with ≥3% 5-year ARR (13% of patients), 380
QALYs were gained for €2423/QALY. Using a threshold of ≥2.3% ARR (26% of patients), 630 QALYs were gained for €5653/QALY.
Using a threshold of ≥1.5% ARR (56% of patients), 1020 QALYs were gained for €10 960/QALY. By treating all intensively, 1410
QALYs were gained (0.14 QALY per patient) for €17 223/QALY. With benefit-based treatment, 0.16 to 0.17 QALY was gained per
treated patient.

Conclusions-—Intensive LLT with statins for all coronary artery disease patients results in the highest overall QALY gain against
acceptable costs. However, the number of QALYs gained with intensive LLT by statins in individual patients can be increased with
selective benefit-based treatment.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifiers: NCT00327691 and NCT00159835 ( J Am
Heart Assoc. 2017;6:e004648. DOI: 10.1161/JAHA.116.004648.)
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I n patients with coronary artery disease (CAD), intensive
lipid-lowering therapy (LLT) with statins renders a 15%

relative risk reduction in vascular events compared to
standard LLT.1 Therefore, the American College of Cardiol-
ogy/American Heart Association (ACC/AHA) clinical guideline

recommends intensive lipid lowering in patients with CAD
unless characteristics like older age, history of statin intol-
erance, or serious comorbidities diminish safety of intensive
LLT.2 Nevertheless, high-dose statin treatment rates are low,
especially in women.3,4 This might be attributed to a dose-
related higher incidence of adverse effects like myopathy,
new-onset diabetes mellitus, and elevation of liver transami-
nits.5,6 Selection of the appropriate statin and dosage is
ideally made by weighing individual expected benefit against
the potential for adverse effects. Given that CAD patients
differ widely in history of and risk factors for vascular disease,
there is a potential range in absolute benefit from intensifi-
cation of LLT. Previously, we derived a prediction model in the
Treating to New Targets (TNT) trial population that estimates
5-year absolute treatment effect of intensive versus standard
LLT with statins on recurrent vascular events for an individual
patient, which was validated in the Incremental Decrease in
End point through Aggressive Lipid-lowering (IDEAL) trial
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population.7–9 With this model, we are able to estimate the
individual 5-year absolute risk reduction (ARR) for vascular
events based on simple patient characteristics.7,10 Consider-
ing the intention for lifelong treatment and potential adverse
effects, it may be worthwhile to target intensification of LTT to
those patients who benefit most.

Before implementing a benefit-based treatment strategy in
clinical practice, an estimation of expected costs and health
outcomes is required. Previous studies have shown that
treating all patients with stable CAD with intensive LLT is a
cost-effective strategy.11–15 The costs and effects of treating
patients with the highest predicted absolute benefit inten-
sively and those with smaller benefit with standard therapy
are unknown. Thus, is targeting intensive LLT with statins to
CAD patients with the highest predicted absolute benefit cost-
effective compared to standard or intensive LLT for all?

Methods

Prediction Model for Vascular Events
The derivation of the prediction model in the TNT trial and
validation in the IDEAL trial is explained in detail previously.7

These studies were approved by the local or regional
institutional review committee at each participating center,
and all subjects gave informed consent. The prediction model
for the combined outcome of myocardial infarction (MI),
stroke, fatal coronary heart disease, and resuscitated cardiac
arrest (RCA) contains the patient characteristics age, sex,
history of MI, history of a coronary artery bypass graft (CABG),
history of congestive heart failure (CHF), history of cere-
brovascular disease, diabetes mellitus, current smoking, total
cholesterol, high-density lipoprotein (HDL)-cholesterol, esti-
mated glomerular filtration rate, systolic blood pressure (SBP),
and treatment allocation (intensive vs standard LLT). Individ-
ual patients’ 5-year risk and ARR with intensive LLT with
statins for the combined outcome of vascular events is
estimated with this model (Box 1).7 Those at highest risk for
vascular events will also have the highest ARR with intensive
LLT. The prediction model can be applied in clinical practice
by choosing a treatment threshold, which is the minimal
predicted ARR from which a physician is willing to treat a
patient intensively. Patients with a predicted ARR above this
threshold will receive intensive LLT and those below the
threshold standard LLT. This subjective treatment threshold
includes what one considers a clinically relevant treatment
effect and whether there are any treatment harms.

Markov Model Design
A Markov model was developed to predict major cardiovas-
cular events (MACE), (non) vascular death, costs, and

quality-adjusted life years (QALYs) for benefit-based treat-
ment for different treatment thresholds and treating all
patients with intensive LLT (Figure 1). The Markov model
had 4 health states: “stable coronary artery disease”; “1
recurrent MACE”; “2 recurrent MACE”; and “death” (based
on the model by Wagner et al14). All patients started in the
health state “stable coronary artery disease” and could
transit to another health state or stay in their respective
health state each year as shown by the solid lines in
Figure 1. If patients experienced a single MACE in a year,
namely, an MI, a stroke, an RCA, a revascularization
procedure (percutaneous coronary intervention [PCI] or
CABG), or chronic heart failure, they transited to the health
state “1 recurrent MACE.” If patients experienced 2 of these
events in 1 year, they transited to the health state “2
recurrent MACE.” If patients died of any cause, they
transited to the “death” health state. The model was run
until all hypothetical patients had died, that is, for a lifetime
horizon.

Model Variables

Transition risks

This economic evaluation was performed from a health care
perspective, which means that only medical, and not
societal, costs and effects were evaluated. Annual event
risks were derived from the TNT trial (Table 1 shows them
for standard LLT for all).8 They increased with age according
to the TNT/IDEAL prediction model (Box 1).7 For selective
benefit-based treatment, those with an ARR above the
intensive treatment threshold had higher event probabilities
than those with a predicted ARR beneath this threshold.
Box 2 shows a detailed example of estimation of event risk
and intensive LLT treatment effect for benefit-based

Box 1. Computational formula for 5-year absolute treatment
effect of intensive versus standard LLT in patients with stable
coronary artery disease.

Predicted 5-year treatment effect of intensive lipid-lowering therapy=
(1�0.85)95-year vascular risk with standard lipid-lowering therapy
5-year vascular risk with standard LLT (%)=(1�0.914 exp[A+1.5106])
9100%, where A=�0.04789age in years+0.0005159(age in years)2+
0.315 [if male]+0.410 [if history of myocardial infarction]+0.226 [if history of
CABG]+0.469 [if history of congestive heart failure]+0.617 [if history of
cerebrovascular disease]+0.432 [if diabetic]+0.538 [if current smoker]+
0.004199total cholesterol in mg/dL�0.01309HDL-cholesterol in mg/
dL�0.06059eGFR in mL/min per 1.73 m2+0.0004199(eGFR in mL/min
per 1.73 m2)2+0.003719systolic blood pressure in mm Hg+0.002549
systolic blood pressure in mm Hg [if on antihypertensive treatment]

CABG indicates coronary artery bypass graft; eGFR, estimated glomerular filtration
rate; HDL, high-density lipoprotein; LLT, lipid-lowering therapy.
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treatment. Case-fatality rates for MI and stroke were age
dependent and obtained from Dutch nation-wide registries
for in- and outside hospital deaths.16–18 The probability of
death for patients with stable CAD or patients in the
different postevent health states was estimated by multiply-
ing the age-adjusted probability of death not attributed to an
MI or stroke in the general population by a disease-specific
mortality multiplier (Table 1).18–21

Treatment effect

Intensive lipid lowering was defined as either daily high-dose
statin therapy (simvastatin 80 mg, atorvastatin 80 mg, or
rosuvastatin ≥20 mg) or the combination of ezetimibe 10 mg
with usual- or high-dose statins (simvastatin ≥40 mg, ator-
vastatin ≥40 mg, or rosuvastatin ≥10 mg).22 Standard LLT
included simvastatin 20 to 40 mg, atorvastatin 10 to 20 mg,
or rosuvastatin 5 mg each day. The relative treatment effect
of intensive versus standard LLT for an MI, stroke, RCA, and
revascularization procedure was obtained from a meta-
analysis (Table 1).1 The relative treatment effect of intensive
LLT on CHF was based on the TNT trial.8

Health outcomes

The amount of life years and QALYs per patient were
estimated for the different treatment strategies. QALYs were
calculated by summing up the multiplication of the time a
person spends in a certain health state by the utility
associated with that particular condition (Table 2). A utility
is a quality-of-life weight varying between 1.0 (perfect health)
and 0.0 (death). For example, living 50 years in perfect health
results in 5091.0=50 QALYs and living 50 years with a utility
of 0.70 results in 5090.70=35 QALYs. Utilities were derived
from published data and measured with multiattribute health
status classification systems, mostly EQ-5D question-
naires.23,24 Patients who experienced a single revasculariza-
tion procedure were assumed to have the same quality of life
as patients with stable CAD.

Costs

The mean costs of the cheapest generic preparations of
intensive lipid-lowering and standard lipid-lowering drugs in
The Netherlands were taken as base-case scenario
(Table 2).25 The frequency by which different statin

Figure 1. Diagrammatic representation of the Markov model with health states (boxes) and possible
transitions (arrows). All patients start in the stable CAD health state (n=10 000). Solid arrows show the
possible transitions after each year. Shaded arrows show the transition possible within each cycle. For
example, if a patient experiences a myocardial infarction and dies within a year from this event, he will
transfer from the health state “stable coronary artery disease” to “death” within one cycle. Transition
probabilities are presented for a mean age of 61 years. Cardiovascular event and mortality probabilities
increased with age. CAD indicates coronary artery disease; CHF, congestive heart failure; MACE, major
adverse cardiovascular event; MI, myocardial infarction; RCA, resuscitated cardiac arrest; Revasc,
revascularization.
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preparations and ezetimibe were used was obtained from the
United Kingdom General Practice Research Database.26 Event
costs and lifetime health care costs associated with vascular

events were derived from observational studies in The
Netherlands and from Dutch nation-wide registries.27–31

Mean costs for a revascularization procedure were estimated

Table 1. Annual Event Risks, Mortality Multipliers, and Hazard Ratios for Intensive Versus Standard LLT

Base Case Lower Bound Upper Bound Source Reference

Mean annual event risk if all receive standard LLT (%)

Single recurrent MACE RCT 8

MI 0.61 0.46 0.76

Stroke 0.47 0.35 0.59

Resuscitated cardiac arrest 0.08 0.06 1.00

Revascularization 2.85 2.14 3.56

Chronic heart failure 0.47 0.35 0.59

Double recurrent MACE RCT 8

MI, followed by:

MI 0.06 0.05 0.08

Stroke 0.02 0.02 0.03

Revascularization 0.49 0.37 0.61

Chronic heart failure 0.05 0.04 0.06

Stroke, followed by:

MI 0.01 0.008 0.01

Stroke 0.05 0.04 0.06

Revascularization 0.02 0.02 0.03

Chronic heart failure 0.003 0.002 0.004

Revascularization, followed by:

MI 0.10 0.08 0.13

Stroke 0.04 0.03 0.05

Revascularization 0.47 0.35 0.59

Chronic heart failure 0.05 0.04 0.06

Chronic heart failure, followed by:

MI 0.03 0.02 0.04

Stroke 0.01 0.008 0.03

Revascularization 0.05 0.04 0.06

Mortality multipliers

Coronary artery disease 2.0 1.4 2.6 Observational study 20

MI 3.7 2.7 4.7 Observational study 20

Stroke 2.1 1.5 2.8 Observational study 19

Resuscitated cardiac arrest 3.7 2.7 4.7 Observational study 20

Revascularization 2.0 1.4 2.6 Observational study 20

Chronic heart failure 2.3 1.4 3.2 Observational study 21

HR intensive vs standard LLT

MI infarction, stroke, RCA 0.85 0.82 0.89 Meta-analysis 1

Revascularization 0.81 0.76 0.85 Meta-analysis 1

Chronic heart failure 0.74 0.59 0.94 RCT 8

HRs, hazard ratios; LLT, lipid-lowering therapy; MACE, major adverse cardiovascular event; MI, myocardial infarction; RCA, resuscitated cardiac arrest; RCT, randomized, controlled trial.
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as the weighted sum of costs for a PCI and a CABG.17

Lifetime costs for stroke and chronic heart failure made in the
hospital, nursing home, and at the general practitioner were
included.27 Pharmacist’s and laboratory tests costs for all
patients were modeled, and the cost of 1 extra doctor’s visit
for prescription of intensive LLT was included.32 Costs in
euros were updated to 2014 with the Dutch consumer price
indices.18

Analysis
The Markov model was run with a lifetime horizon for a cohort
of 10 000 patients based on the TNT/IDEAL trial populations
for the treatment strategies standard LLT for all, intensive LLT
for all, and intensive LLT for those with ≥3%, ≥2.3%, and ≥1.5%
5-year ARR (corresponding to ≥20%, ≥15%, and ≥10% 5-year
MACE risk). Patients had amean age of 61 years, and 81%were
male.7 Themedical history contained anMI in 78% of patients, a
PCI in 40%, a CABG in 34%, and cerebrovascular disease in 6%
of patients. Current smoking was present in 17%, past smoking
in 61%, and diabetes mellitus in 14% of patients. Patients had a
mean SBP of 134 and mean total and HDL-cholesterol levels of
4.8 and 1.2 mmol/L, respectively. Predicted 5-year MACE risk
with standard LLT was ≤10% in 44% of patients, 10% to 20% in
43% of patients, and ≥20% in 13% of patients.7

Mean costs, life years, and QALYs per patient were
estimated for each treatment strategy. Incremental costs and
QALYs were estimated for benefit-based intensive LLT and

intensive LLT for all compared to standard LLT for all. To
calculate the incremental cost-effectiveness ratio (ICER), we
divided incremental costs by incremental QALYs. Discount
rates of 4.0% for costs and 1.5% for health outcomes were
applied.33

Scenario analyses were done with varying drug costs,
event probabilities, event costs, relative treatment effects of
intensive versus standard LLT, discount rates, mortality
multipliers, and utilities, fluctuating 1 parameter at a time
(see Tables 1 and 2 for lower and upper bound). Furthermore,
2 alternative scenarios were modeled under the assumption
that benefit-based treatment leads to higher treatment
compliance (2.5% or 5% greater relative treatment effect).
An additional scenario was considered that took statin-related
muscle complaints into account, assuming a dose reduction
from intensive to standard LLT if myopathy occurred. There
was a 2% higher risk of myopathy with intensive LLT (11%)
compared to standard LLT (9%).34,35

In probabilistic sensitivity analyses, the Markov model was
run 1000 times (Monte Carlo simulations). For every simula-
tion, event probabilities and utilities were randomly chosen
from beta distributions, mortality multipliers, and costs from
gamma distributions, and the relative treatment effects of
intensive versus standard LLT from lognormal distributions. All
model assumptions were varied at the same time. The ICERs
derived from these simulations are presented in a scatter plot
(1000 dots, 1 for each simulation). Cost-effectiveness accept-
ability curves show the probability that (benefit-based) inten-
sive LLT is cost-effective compared to standard LLT for all, for
various thresholds of euros willing to pay per QALY gained.

Results
Total costs and QALYs for the different treatment strategies
on a population level are shown in Figure 2. Compared to
standard therapy for all CAD patients (n=10 000), lifetime
benefit-based intensive LLT with statins resulted in a gain of
380 QALYs for €2423/QALY using a threshold of ≥3% 5-year
ARR (13% of patients). Using a threshold of ≥2.3% ARR (26% of
patients), 680 QALYs were gained for €5653/QALY. Using a
threshold of ≥1.5% ARR (56% of patients), 1020 QALYs were
gained for €10 960/QALY. By treating all with intensive LLT,
1410 QALYs were gained (0.14 QALY per patient) for
€17 223/QALY.

With benefit-based intensive LLT for patients with a ≥3%
predicted 5-year ARR, 411 life years were gained. Using a
threshold of ≥2.3% ARR, 699 life years were gained. Using a
threshold of ≥1.5% ARR, 1150 life years were gained. Intensive
LLT for all resulted in a gain of 1614 life years, which was an
increase in life expectancy of approximately 2 months per
patient (0.16 life year) compared to standard therapy for all.
Lifetime drug costs were low, ranging from €1749 per patient if

Box 2. Calculation example for estimating event risk and the
relative treatment effects of benefit-based intensive LLT
(various thresholds) versus standard LLT for all.

Calculation example benefit-based treatment with a threshold ≥1.5% 5-
year ARR for the outcome myocardial infarction, stroke, fatal CAD, and RCA,
in the TNT/IDEAL population:

1. Risk if all patients are treated with standard LLT=5-year risk in trial
arm on standard LLT (n=9455)=12.6%

2. Risk in patients on standard LLT for whom the prediction model
recommends standard LLT=5-year risk in trial arm on standard LLT &
predicted ARR ≤1.5% (n=4200)=7.4%

3. Risk in patients on standard LLT for whom the prediction model
recommends intensive LLT=5-year risk in trial arm on standard LLT &
predicted ARR ≥1.5% (n=5255)=16.7%

4. Risk in patients in (3) if they would have been treated with intensive
LLT=risk in (3) multiplied by the hazard ratio=16.7%90.85=14.2%

5. Overall risk if patients are treated according to the prediction model=
(14.2%95255+7.4%94200)/9455=11.2%

6. Overall relative treatment effect of benefit-based intensive LLT versus
standard LLT for all=risk in (5) divided by risk in (1)=11.2%/12.6%
=0.89

ARR indicates absolute risk reduction; CAD, coronary artery disease; LLT, ipid-
lowering therapy; RCA, resuscitated cardiac arrest; TNT, Treating to New Targets;
IDEAL, Incremental Decrease in End point through Aggressive Lipid-lowering.
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all would be treated with standard LLT to €5413 if all would be
treated intensively. Lifetime event and postevent costs ranged
from €9791 per patient if all would be treated with standard
LLT to €8555 if all would be treated intensively.

The estimated number of different vascular events in
10 years for the different treatment strategies is shown in
Figure 3. The 10-year absolute reduction in total MACE (MI,
revascularization, chronic heart failure, RCA, and stroke) was
1.6%, 2.8%, and 5.1% if those with ≥3%, ≥2.3%, or ≥1.5%
estimated 5-year ARR would be given intensive LLT and 7.8% if
all would receive intensive LLT.

Individual Benefit
The mean amount of QALYs gained per treated patient was
0.17 for a ≥3% predicted 5-year ARR threshold, 0.17 for a
≥2.3% threshold, and 0.16 for a ≥1.5% threshold. Thus,
benefit-based treatment resulted in an increase of individual
benefit per treated patient compared to intensive LLT for all.
Similarly, the 10-year absolute reduction in total MACE in

these patients with intensive LLT was 8.8% for a threshold of
≥3% 5-year ARR, 9.1% for ≥2.3%, and 9.2% for ≥1.5% ARR.

Scenario Analyses
Results were sensitive to assumptions about the relative
treatment effect of intensive versus standard LLT and drug
costs (Figure 4). Under the assumption that benefit-based
intensive LLT leads to higher treatment compliance, the ICER
decreased to €2561/QALY and €609/QALY for a 2.5% and
5% higher treatment effect using a treatment threshold of
≥2.3% ARR. When statin-associated myopathy was taken into
account, ICERs did not change substantially.

Sensitivity Analyses
Results of the probabilistic sensitivity analyses are shown in
Figure 5. For a willingness to pay of €20 000 per additional
QALY, the probability that benefit-based intensive LLT is cost-
effective compared to standard LLT for all is 98% for a

Table 2. Costs and Utilities

Base Case Lower Bound Upper Bound Source Reference

Costs

Drug (annual costs for 1 patient)

Intensive LLT €357 €178 €535 Official tariff 25

Standard LLT €9 €5 €14 Official tariff 25

Event

MI €5037 €3778 €6296 Observational study 29

Stroke €19 030 €14 273 €23 788 Dutch registries 27

RCA €28 636 €21 477 €35 795 Observational study 30

Revascularization €6944 €5009 €8349 Observational study 27, 28, 31

Postevent care (annual)

Stroke €9827 €7370 €12 284 Dutch registries 27

Chronic heart failure €6569 €4927 €8211 Dutch registries 27

Other costs (annual)

Doctor’s visit €109 €69 €157 Official tariff 32

Pharmacy €26 €11 €52 Official tariff 32

Laboratory €25 €17 €37 Official tariff 32

Utilities Observational study 23, 24

Stable CAD 0.78 0.58 0.97

MI 0.65 0.49 0.81

Stroke 0.64 0.48 0.80

RCA 0.68 0.51 0.85

Chronic heart failure 0.63 0.47 0.79

2 recurrent MACE 0.62 0.47 0.78

CAD indicates coronary artery disease; LLT, lipid-lowering therapy; MACE, major adverse cardiovascular event; MI, myocardial infarction; RCA, resuscitated cardiac arrest.
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threshold of ≥3% 5-year ARR, 97% for ≥2.3%, and 83% for
≥1.5% ARR. The probability that intensive LLT is cost-effective
is 61%. For a willingness to pay of €50 000 per additional
QALY, these probabilities increase to 99% to 100% for all 3 ARR
thresholds. The chance that intensive LLT for all is cost-
effective compared to standard LLT for all is 97% for a
willingness to pay of €50 000 euros per QALY.

Benefit-Based Intensive LLT Versus Treating All
Intensively
Compared to intensive LLT for all (n=10 000 patients),
benefit-based intensification of statin therapy saved

€23 371 for a loss of 1034 QALYs (ICER €22 604/QALY)
using a threshold of ≥3.0% ARR, saved €20 708 for a
loss of 778 QALYs (ICER €26 630/QALY) using a thresh-
old of ≥2.3% ARR, and saved €13 101 for a loss of 390
QALYs (ICER €33 614/QALY) using a threshold of ≥1.5%
ARR.

Discussion
A previously published model predicts the 5-year absolute
benefit of intensive versus standard LLT with statins for
individual CAD patients.7 The present study assesses
lifetime costs and health outcomes of benefit-based

Figure 2. Total costs and health outcome in QALYs per patient for the different treatment strategies. ARR
indicates absolute risk reduction in 5 years; ICER, incremental cost-effectiveness ratio, with standard LLT
for all as the reference strategy; LLT, lipid-lowering therapy; QALYs, quality-adjusted life years.

Figure 3. Occurrence of MACE in 10 years for the different treatment strategies. ARR indicates absolute
risk reduction; LLT, lipid-lowering therapy; MACE, major adverse cardiovascular event.
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intensive LLT with statins compared to standard LLT for all
in 10 000 CAD patients. The expected costs per additional
QALY for benefit-based intensive LLT range from €2423
($2744) to €10 960 ($12 412), depending on the treatment
threshold chosen. Intensive LLT for all resulted in the
highest QALY gain (1410 QALYs [0.14 QALY per patient]),
for €17 223 ($19 504) per extra QALY. Yet, selective
benefit-based treatment increases the QALY gain in those
treated with intensive LLT to 0.16 per patient for a
treatment threshold ≥1.5% 5-year ARR and 0.17 for a
threshold ≥2.3% ARR. Results are sensitive to the assumed
relative treatment effect of intensive versus standard LLT
and the costs of these drugs.

Cost-Effectiveness of Benefit-Based
Intensification of LLT in CAD Patients

The present cost-effectiveness study shows that benefit-
based intensive LLT is cost-effective compared to standard
LLT for all, attributed to the capacity of our prediction model
to select the right patients who benefit most from intensive
LLT. The total costs per extra QALY were lower for benefit-
based intensive LLT than for intensive LLT for all, with an
optimal ratio for a threshold ≥3% ARR. However, intensive LLT
therapy for all results in the highest QALY gain against
reasonable treatment costs. The AHA/ACC and the National
Institute for Health and Care Excellence clinical guidelines

Figure 4. Scenario analyses assessing the influence of the different model assumptions on the
estimated ICER for benefit-based treatment (upper chart) and intensive LLT for all (lower chart) versus
standard LLT for all, varying 1 assumption at a time. ARR indicates absolute risk reduction; €/QALY, euro
per quality-adjusted life year; ICER, incremental cost-effectiveness ratio; LLT, lipid-lowering therapy.
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Figure 5. Sensitivity analyses: incremental cost-effectiveness planes and cost-effectiveness accept-
ability curves for benefit-based intensive LLT with various treatment thresholds versus standard LLT for
all. Left: The y-axis shows incremental costs and the x-axis incremental QALYs for benefit-based
treatment versus standard LLT for all. One dot is a single iteration. Right: The curves show the probability
that benefit-based intensive treatment is cost-effective compared to standard LLT for all. ARR indicates
absolute risk reduction; LLT, lipid-lowering therapy; QALYs, quality-adjusted life years.
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recommend intensive LLT for patients with CAD in general.2,36

Interestingly, LLT is only intensified in 25% of CAD patients in
daily practice.3,4,37 This may be because physicians tend to
treat solely patients who they believe to be at high risk for
recurrent vascular events with intensive LLT. For example,
men, patients with high low-density lipoprotein-cholesterol
(LDL-c) levels, and those with an ST-elevation MI are more
often treated with a high-dose statin.3,4 This is understandable
because those at high risk for recurrent MACE benefit the
most from intensive LLT in absolute terms. The present study
shows that, on average, the life years and quality of life to be
gained with intensive LLT are modest. Given that our
prediction model accurately predicts absolute risk and
treatment effect of intensive versus standard LLT for an
individual patient taking multiple characteristics into account,
those who benefit most can be identified. For individuals with
moderate benefit, the expected beneficial and negative
treatment effects can be weighed before making a treatment
decision. Even though these health-economic results point
toward intensive LLT for all, initiation and intensification of
LLT is preferably done in close consultation with the patient
taking into account potential drug interactions or adverse
effects, an individual patient’s life expectancy, and his or her
preferences.

Optimization of the Health Gain Obtained by LLT
in Individual Patients With CAD
An estimated mean of 2 months (�1.7 months in perfect
health) is gained with intensive therapy for all. These results
are in line with a simulation study in CAD patients from 8
European countries, which showed that, by optimizing
cardiovascular prevention in individuals (smoking cessation,
diet and exercise, and better management of SBP and/or
LDL-c), a mean of �0.25 QALYs (3 months in perfect health)
could be gained.38 The moderate health benefit to be obtained
with intensive LLT may be attributable to the higher risk of
nonvascular death in this secondary prevention setting, which
is not decreased by LLT. Furthermore, the mean age at onset
of CAD and initiation of intensive LLT is >60 years, which
could limit life prolongation with these drugs despite a
reduction in MACE in 10 years. Our study shows that
targeting intensive LLT to those who benefit the most in
terms of a 5-year vascular risk reduction increases the gain in
life years and QALYs in individual patients. Benefit-based
treatment may be even more appealing in the future now that
the expensive LDL-c lowering monoclonal antibodies to
proprotein convertase subtilisin/kexin type 9 (PCSK9) have
been introduced to the market. Identification of CAD patients
who benefit most from PCSK9 inhibitors is needed to keep the
monetary costs down, and the presented model could be used
for that purpose in CAD patients.

Whereas atherosclerosis is a chronic, and progressive
disease, it would be interesting to assess the cost-effective-
ness of benefit-based treatment in younger individuals with an
unfavorable risk profile. Because of their lower age, the short-
term benefit from intensive LLT may be moderate. However,
without adequately regulated lipid levels, their lifetime risk for
recurrent vascular disease could be high.39 Therefore, inter-
vening at an early stage could be beneficial in these patients.
Starting lifelong treatment at a young age implies a long
duration of treatment. The benefit in younger patients should
be weighed against the inconvenience of taking a pill every day
and the cost and health impairment by adverse effects (eg,
higher risk of myopathy or new-onset diabetes mellitus).

Scenarios That Might Impact the Cost-
Effectiveness of Benefit-Based LLT
There are some scenarios that might alter our main results. If
the relative treatment effect of intensive versus standard LLT
in a specific setting is smaller than assumed in the current
model, it will be more attractive to treat according to
predicted ARR from an economic perspective. For example,
adherence to statin therapy is often lower in daily life than in
the setting of a randomized trial, which might result in lower
overall treatment effect of intensive LLT. If the difference in
country-specific costs of intensive versus standard LLT is
greater, this could result in a more-beneficial cost-effective-
ness ratio of benefit-based intensive LLT. In a scenario
analysis with mean event costs for the United States and
Europe (assuming similar drug costs), the ICERs of both
benefit-based treatment and intensive treatment for all
slightly decreased compared to the Dutch situation.40 Inten-
sive LLT increased risk of new-onset diabetes mellitus in TNT/
IDEAL with 20% in prediabetics, but did not confer a higher
risk of diabetes mellitus in normoglycemic patients when
compared to standard LLT.41 Benefit-based treatment was
slightly more attractive than treating all patients with
intensive LLT when we included a higher risk of new-onset
diabetes mellitus with intensive LLT in the model.

Strengths and Limitations
A strength of this study is the comprehensive Markov model,
which is representative for current clinical practice. The
validity of this model is confirmed by a comparable estimation
of costs and health outcomes in previous studies assessing
the cost-effectiveness of intensive LLT for all versus standard
LLT for all.11–15 Also, we based our assumptions on recent
peer-reviewed literature and adjusted event probabilities and
risk of death for the age and cardiovascular history of
patients. Furthermore, we performed various scenario analy-
ses, including one in which we took statin-induced myopathy
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into account. A limitation of our study is that second events
more than 1 year apart from the first event were not modeled.
Alternatively, we adjusted the risk of death for the medical
history of a patient and included lifelong costs for patients
who had a stroke or chronic heart failure. Generalizability of
event probabilities in the TNT trial to contemporary CAD
patients in clinical practice could be doubted, attributable to
trial inclusion and exclusion criteria (limited age range, LDL-c
levels) and improvement of cardiovascular care and secondary
prevention for CAD patients in recent years. Yet, it is
reassuring that trial event probabilities resembled event
probabilities in CAD patients from an ongoing observational
cohort study in The Netherlands.42 Ninety-four percent of
patients in the TNT trial population were white. Because of
overall higher event rates in black patients, intensive lipid-
lowering therapy for all may be more cost-effective in black
than in white patients.43–45 Because of overall lower event
rates in Asian patients, the cost-effectiveness of intensive
versus standard LLT is presumably less beneficial in Asian
than in white patients.43–45 The distribution in individual ARRs
of intensification of LLT in black and Asian patients with CAD
is unknown. The prediction model should be validated in these
groups before the cost-effectiveness of benefit-based inten-
sive LLT in nonwhites can be assessed.

Estimation of the absolute treatment effect of intensive
versus standard LLT with statins in individuals patients with
CAD enables us to select those who benefit most from
aggressive LLT. We conclude that intensive LLT with statins
for all CAD patients results in a higher QALY gain than benefit-
based intensive LLT against reasonable costs. Benefit-based
intensive LLT is a less-favorable strategy from a health-
economic perspective. However, the number of life years and
QALYs to be gained with intensive LLT in individual patients is
modest and can be increased with selective benefit-based
treatment.

Sources of Funding
This work was financially supported by ZonMw, the Nether-
lands Organization for Health Research and Development
(Grant No. 836011027). The original TNT and IDEAL trials
were funded by Pfizer. The sponsors of these trials did not
play any role in the statistical analysis.

Disclosures
None.

References
1. Baigent C, Blackwell L, Emberson J, Holland LE, Reith C, Bhala N, Peto R,

Barnes EH, Keech A, Simes J, Collins R. Efficacy and safety of more intensive

lowering of LDL cholesterol: a meta-analysis of data from 170,000 participants
in 26 randomised trials. Lancet. 2010;376:1670–1681.

2. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH,
Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS,
Shero ST, Smith SC Jr, Watson K, Wilson PW, Eddleman KM, Jarrett NM,
LaBresh K, Nevo L, Wnek J, Anderson JL, Halperin JL, Albert NM, Bozkurt B,
Brindis RG, Curtis LH, DeMets D, Hochman JS, Kovacs RJ, Ohman EM,
Pressler SJ, Sellke FW, Shen WK, Tomaselli GF. 2013 ACC/AHA guideline on
the treatment of blood cholesterol to reduce atherosclerotic cardiovascular
risk in adults: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. Circulation. 2014;129:
S1–S45.

3. Arnold SV, Kosiborod M, Tang F, Zhao Z, Maddox TM, McCollam PL, Birt J,
Spertus JA. Patterns of statin initiation, intensification, and maximization
among patients hospitalized with an acute myocardial infarction. Circulation.
2014;129:1303–1309.

4. Virani SS, Woodard LD, Ramsey DJ, Urech TH, Akeroyd JM, Shah T, Deswal A,
Bozkurt B, Ballantyne CM, Petersen LA. Gender disparities in evidence-based
statin therapy in patients with cardiovascular disease. Am J Cardiol.
2015;115:21–26.

5. Armitage J, Bowman L, Wallendszus K, Bulbulia R, Rahimi K, Haynes R, Parish
S, Peto R, Collins R. Intensive lowering of LDL cholesterol with 80 mg versus
20 mg simvastatin daily in 12,064 survivors of myocardial infarction: a double-
blind randomised trial. Lancet. 2010;376:1658–1669.

6. Preiss D, Seshasai SR, Welsh P, Murphy SA, Ho JE, Waters DD, DeMicco DA,
Barter P, Cannon CP, Sabatine MS, Braunwald E, Kastelein JJ, de Lemos JA,
Blazing MA, Pedersen TR, Tikkanen MJ, Sattar N, Ray KK. Risk of incident
diabetes with intensive-dose compared with moderate-dose statin therapy: a
meta-analysis. JAMA. 2011;305:2556–2564.

7. Dorresteijn JA, Boekholdt SM, van der Graaf Y, Kastelein JJ, LaRosa JC,
Pedersen TR, DeMicco DA, Ridker PM, Cook NR, Visseren FL. High-dose statin
therapy in patients with stable coronary artery disease: treating the right
patients based on individualized prediction of treatment effect. Circulation.
2013;127:2485–2493.

8. LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruchart JC, Gotto AM,
Greten H, Kastelein JJ, Shepherd J, Wenger NK. Intensive lipid lowering with
atorvastatin in patients with stable coronary disease. N Engl J Med.
2005;352:1425–1435.

9. Pedersen TR, Faergeman O, Kastelein JJ, Olsson AG, Tikkanen MJ, Holme I,
Larsen ML, Bendiksen FS, Lindahl C, Szarek M, Tsai J. High-dose atorvastatin
vs usual-dose simvastatin for secondary prevention after myocardial
infarction: the ideal study: a randomized controlled trial. JAMA. 2005;
294:2437–2445.

10. Dorresteijn JA, Visseren FL, Ridker PM, Wassink AM, Paynter NP, Steyerberg EW,
van der Graaf Y, Cook NR. Estimating treatment effects for individual patients
based on the results of randomised clinical trials. BMJ. 2011;343:d5888.

11. Lindgren P, Graff J, Olsson AG, Pedersen TJ, Jonsson B. Cost-effectiveness of
high-dose atorvastatin compared with regular dose simvastatin. Eur Heart J.
2007;28:1448–1453.

12. Mark DB, Knight JD, Cowper PA, Davidson-Ray L, Anstrom KJ. Long-term
economic outcomes associated with intensive versus moderate lipid-lowering
therapy in coronary artery disease: results from the Treating to New Targets
(TNT) Trial. Am Heart J. 2008;156:698–705.

13. Taylor DC, Pandya A, Thompson D, Chu P, Graff J, Shepherd J, Wenger N,
Greten H, Carmena R, Drummond M, Weinstein MC. Cost-effectiveness of
intensive atorvastatin therapy in secondary cardiovascular prevention in the
United Kingdom, Spain, and Germany, based on the Treating to New Targets
study. Eur J Health Econ. 2009;10:255–265.

14. Wagner M, Goetghebeur M, Merikle E, Pandya A, Chu P, Taylor DC. Cost-
effectiveness of intensive lipid lowering therapy with 80 mg of atorvastatin,
versus 10 mg of atorvastatin, for secondary prevention of cardiovascular
disease in Canada. Can J Clin Pharmacol. 2009;16:e331–e345.

15. Wagner M, Lindgren P, Merikle E, Goetghebeur M, Jonsson B. Economic
evaluation of high-dose (80 mg/day) atorvastatin treatment compared with
standard-dose (20 mg/day to 40 mg/day) simvastatin treatment in Canada
based on the incremental decrease in end-points through aggressive lipid-
lowering (IDEAL) trial. Can J Cardiol. 2009;25:e362–e369.

16. Koopman C, Vaartjes I, van Dis I, Visser M, Bots M. Beroerte, met uitsplitsing
naar subarachno€ıdale bloeding, intracerebrale bloeding en herseninfarct. In:
Koopman C, van Dis I, Vaartjes I, Visseren FLJ, Bots ML, eds. Hart- en
Vaatziekten in Nederland 2014, Cijfers Over Kwaliteit van leven, Ziekte en
Sterfte. Den Haag: Hartstichting; 2014.

17. Koopman C, Bots M, van Oeffelen A, van Dis I, Verschuren W, Engelfriet P,
Capewell S, Vaartjes I. Trends in incidentie van acuut hartinfarct in de
nederlandse bevolking, 1998–2007. In: Koopman C, van Dis I, Visseren FLJ,
Vaartjes I, Bots ML, eds. Hart- en Vaatziekten in Nederland 2012, Cijfers Over
Risicofactoren, Ziekte en Sterfte. Den Haag: Hartstichting; 2012.

DOI: 10.1161/JAHA.116.004648 Journal of the American Heart Association 11

Benefit and Cost of Individualized Lipid Therapy Stam-Slob et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



18. Dutch nationwide registries. Available at: http://statline.cbs.nl. Accessed
December 16, 2016.

19. Dennis MS, Burn JP, Sandercock PA, Bamford JM, Wade DT, Warlow CP. Long-
term survival after first-ever stroke: the Oxfordshire Community Stroke
Project. Stroke. 1993;24:796–800.

20. Lampe FC, Whincup PH, Wannamethee SG, Shaper AG, Walker M, Ebrahim S.
The natural history of prevalent ischaemic heart disease in middle-aged men.
Eur Heart J. 2000;21:1052–1062.

21. Mosterd A, Cost B, Hoes AW, de Bruijne MC, Deckers JW, Hofman A, Grobbee
DE. The prognosis of heart failure in the general population: the Rotterdam
Study. Eur Heart J. 2001;22:1318–1327.

22. Karlson BW, Palmer MK, Nicholls SJ, Lundman P, Barter PJ. Doses of
rosuvastatin, atorvastatin and simvastatin that induce equal reductions in LDL-
C and non-HDL-C: results from the VOYAGER meta-analysis. Eur J Prev Cardiol.
2016;23:744–747.

23. Salomon JA, Vos T, Hogan DR, Gagnon M, Naghavi M, Mokdad A, Begum N,
Shah R, Karyana M, Kosen S, Farje MR, Moncada G, Dutta A, Sazawal S, Dyer
A, Seiler J, Aboyans V, Baker L, Baxter A, Benjamin EJ, Bhalla K, Bin Abdulhak
A, Blyth F, Bourne R, Braithwaite T, Brooks P, Brugha TS, Bryan-Hancock C,
Buchbinder R, Burney P, Calabria B, Chen H, Chugh SS, Cooley R, Criqui MH,
Cross M, Dabhadkar KC, Dahodwala N, Davis A, Degenhardt L, Diaz-Torne C,
Dorsey ER, Driscoll T, Edmond K, Elbaz A, Ezzati M, Feigin V, Ferri CP, Flaxman
AD, Flood L, Fransen M, Fuse K, Gabbe BJ, Gillum RF, Haagsma J, Harrison JE,
Havmoeller R, Hay RJ, Hel-Baqui A, Hoek HW, Hoffman H, Hogeland E, Hoy D,
Jarvis D, Karthikeyan G, Knowlton LM, Lathlean T, Leasher JL, Lim SS, Lipshultz
SE, Lopez AD, Lozano R, Lyons R, Malekzadeh R, Marcenes W, March L,
Margolis DJ, McGill N, McGrath J, Mensah GA, Meyer AC, Michaud C, Moran A,
Mori R, Murdoch ME, Naldi L, Newton CR, Norman R, Omer SB, Osborne R,
Pearce N, Perez-Ruiz F, Perico N, Pesudovs K, Phillips D, Pourmalek F, Prince
M, Rehm JT, Remuzzi G, Richardson K, Room R, Saha S, Sampson U, Sanchez-
Riera L, Segui-Gomez M, Shahraz S, Shibuya K, Singh D, Sliwa K, Smith E,
Soerjomataram I, Steiner T, Stolk WA, Stovner LJ, Sudfeld C, Taylor HR, Tleyjeh
IM, van der Werf MJ, Watson WL, Weatherall DJ, Weintraub R, Weisskopf MG,
Whiteford H, Wilkinson JD, Woolf AD, Zheng ZJ, Murray CJ, Jonas JB. Common
values in assessing health outcomes from disease and injury: disability
weights measurement study for the Global Burden of Disease Study 2010.
Lancet. 2012;380:2129–2143.

24. Sullivan PW, Lawrence WF, Ghushchyan V. A national catalog of preference-
based scores for chronic conditions in the United States. Med Care.
2005;43:736–749.

25. Dutch health care insurance board. Drug costs 2014. Available at: www.medic
ijnkosten.nl. Accessed December 16, 2016.

26. Pauriah M, Elder DH, Ogston S, Noman AY, Majeed A, Wyatt JC, Choy AM,
Macdonald TM, Struthers AD, Lang CC. High-potency statin and ezetimibe use
and mortality in survivors of an acute myocardial infarction: a population-
based study. Heart. 2014;100:867–872.

27. Dutch nationwide registries. Available at: www.kostenvanziekten.nl. Accessed
December 16, 2016.

28. Ringborg A, Nieuwlaat R, Lindgren P, Jonsson B, Fidan D, Maggioni AP, Lopez-
Sendon J, Stepinska J, Cokkinos DV, Crijns HJ. Costs of atrial fibrillation in five
European countries: results from the Euro Heart Survey on atrial fibrillation.
Europace. 2008;10:403–411.

29. Soekhlal RR, Burgers LT, Redekop WK, Tan SS. Treatment costs of
acute myocardial infarction in the Netherlands. Neth Heart J. 2013;21:230–
235.

30. van Alem AP, Dijkgraaf MG, Tijssen JG, Koster RW. Health system costs of out-
of-hospital cardiac arrest in relation to time to shock. Circulation.
2004;110:1967–1973.

31. van Mastrigt GA, Heijmans J, Severens JL, Fransen EJ, Roekaerts P, Voss G,
Maessen JG. Short-stay intensive care after coronary artery bypass surgery:
randomized clinical trial on safety and cost-effectiveness. Crit Care Med.
2006;34:65–75.

32. Greving JP, Visseren FL, de Wit GA, Algra A. Statin treatment for primary
prevention of vascular disease: whom to treat? Cost-effectiveness analysis
BMJ. 2011;342:d1672.

33. Dutch guideline for health economic evaluations 2006. Available at: www.zor
ginstituutnederland.nl. Accessed December 16, 2016.

34. Bruckert E, Hayem G, Dejager S, Yau C, Begaud B. Mild to moderate muscular
symptoms with high-dosage statin therapy in hyperlipidemic patients—the
PRIMO study. Cardiovasc Drugs Ther. 2005;19:403–414.

35. Nichols GA, Koro CE. Does statin therapy initiation increase the risk for
myopathy? An observational study of 32,225 diabetic and nondiabetic
patients. Clin Ther. 2007;29:1761–1770.

36. National Clinical Guideline Centre (UK). Lipid Modification: Cardiovascular Risk
Assessment and the Modification of Blood Lipids for the Primary and Secondary
Prevention of Cardiovascular Disease. London: NICE; 2014.

37. Javed U, Deedwania PC, Bhatt DL, Cannon CP, Dai D, Hernandez A, Peterson
ED, Fonarow GC. Use of intensive lipid-lowering therapy in patients
hospitalized with acute coronary syndrome: an analysis of 65,396 hospital-
izations from 344 hospita participating in Get With the Guidelines (GWTG). Am
Heart J. 2011;161:418–424, e411–413.

38. De Smedt D, Kotseva K, De Bacquer D, Wood D, De Backer G, Dallongeville J,
Seppo L, Pajak A, Reiner Z, Vanuzzo D, Georgiev B, Gotcheva N, Annemans L.
Cost-effectiveness of optimizing prevention in patients with coronary heart
disease: the EUROASPIRE III health economics project. Eur Heart J.
2012;33:2865–2872.

39. Dorresteijn JA, Kaasenbrood L, Cook NR, van Kruijsdijk RC, van der Graaf Y,
Visseren FL, Ridker PM. How to translate clinical trial results into gain in
healthy life expectancy for individual patients. BMJ. 2016;352:i1548.

40. Nicholson G, Gandra SR, Halbert RJ, Richhariya A, Nordyke RJ. Patient-level
costs of major cardiovascular conditions: a review of the international
literature. Clinicoecon Outcomes Res. 2016;8:495–506.

41. Kohli P, Waters DD, Nemr R, Arsenault BJ, Messig M, DeMicco DA, Laskey R,
Kastelein JJ. Risk of new-onset diabetes and cardiovascular risk reduction from
high-dose statin therapy in pre-diabetics and non-pre-diabetics: an analysis
from TNT and IDEAL. J Am Coll Cardiol. 2015;65:402–404.

42. Stam-Slob MC, van der Graaf Y, de Borst GJ, Cramer MJ, Kappelle LJ, Westerink
J, Visseren FL. Effect of type 2 diabetes on recurrent major cardiovascular
events for patients with symptomatic vascular disease at different locations.
Diabetes Care. 2015;38:1528–1535.

43. Batchelor WB, Ellis SG, Ormiston JA, Stone GW, Joshi AA, Wang H, Underwood
PL. Racial differences in long-term outcomes after percutaneous coronary
intervention with paclitaxel-eluting coronary stents. J Interv Cardiol.
2013;26:49–57.

44. Mochari-Greenberger H, Mosca L. Differential outcomes by race and ethnicity
in patients with coronary heart disease: a contemporary review. Curr
Cardiovasc Risk Rep. 2015;9:20.

45. Roger VL, Go AS, Lloyd-JonesDM, Benjamin EJ, Berry JD, BordenWB, Bravata DM,
Dai S, Ford ES, Fox CS, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA, Howard VJ,
Kissela BM, Kittner SJ, Lackland DT, Lichtman JH, Lisabeth LD, Makuc DM,
MarcusGM,Marelli A,Matchar DB,MoyCS,Mozaffarian D,MussolinoME, Nichol
G, Paynter NP, Soliman EZ, Sorlie PD, Sotoodehnia N, Turan TN, Virani SS, Wong
ND, Woo D, Turner MB; American Heart Association Statistics C, Stroke
Statistics S. Heart disease and stroke statistics—2012 update: a report from the
American Heart Association. Circulation. 2012;125:e2–e220.

O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

DOI: 10.1161/JAHA.116.004648 Journal of the American Heart Association 12

Benefit and Cost of Individualized Lipid Therapy Stam-Slob et al

http://statline.cbs.nl
http://www.medicijnkosten.nl
http://www.medicijnkosten.nl
http://www.kostenvanziekten.nl
http://www.zorginstituutnederland.nl
http://www.zorginstituutnederland.nl

