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Objectives: The aim of this study was to evaluate the cost-effectiveness of four
risk-lowering interventions (smoking cessation, antihypertensives, aspirin, and statins)
in primary prevention of cardiovascular disease.
Methods: Using data from the Framingham Heart Study and the Framingham Offspring
study, we built life tables to model the benefits of the selected interventions. Participants
were classified by age and level of risk of coronary heart disease. The effects of risk
reduction are obtained as numbers of death averted and life-years saved within a 10-year
period. Estimates of risk reduction by the interventions were obtained from meta-analyses
and costs from Dutch sources.
Results: The most cost-effective is smoking cessation therapy, representing savings in all
situations. Aspirin is the second most cost-effective (€2,263 to €16,949 per year of life
saved) followed by antihypertensives. Statins are the least cost-effective (€73,971 to
€190,276 per year of life saved).
Conclusions: A cost-effective strategy should offer smoking cessation for smokers and
aspirin for moderate and high levels of risk among men 45 years of age and older. Statin
therapy is the most expensive option in primary prevention at levels of 10-year coronary
heart disease risk below 30 percent and should not constitute the first choice of treatment
in these populations.
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Cardiovascular disease (CVD) prevention is based on com-
prehensive risk management of relevant risk factors (14;19).
Nowadays four therapies constitute the cornerstone of CVD
risk management in populations without previous CVD or
diabetes: cholesterol modification, blood pressure (BP) low-
ering, anti–platelet aggregation therapy, and smoking ces-
sation. Evidence of the benefit of these interventions exists
for almost all populations independent of risk factors lev-
els, but proportional to pretreatment levels of absolute risk
of coronary heart disease (CHD) (19). Smoking cessation
is naturally an exception, being limited to smokers. This
means that a large range of populations might benefit from
these risk-lowering treatments. However, treating large pop-
ulations asks for large investments and priority setting is
mandatory (6). Currently cutoff levels of pretreatment ab-
solute risk have been used to target healthy persons eligi-
ble for risk-lowering treatment (4). However, head to head
comparisons of efficiency of various options in cardiovas-
cular disease risk management are scarce: aspirin is cheap,
but less effective; statins are more effective but costly (8;22).
This study compares the cost-effectiveness of four treatments
(aspirin, antihypertensives, statins, and smoking cessation) in
the primary prevention of CVD in men at different ages and
different levels of risk.

METHODS

Using data from the Framingham Heart Study (FHS) and
the Framingham Offspring Study (FOS), we built multistate
life tables (MSLTs) to model the cost-effectiveness of the
selected interventions in men free of CVD (at baseline). We
modeled two synthetic age cohorts over 10 years: from 45 to
55 years and from 55 to 65 years.

Data Sources

The original FHS cohort consisted of 5,209 respondents
28 through 62 years of age residing in Framingham,
Massachusetts, between 1948 and 1951. Examination of par-
ticipants has taken place biannually, and the cohort has been
followed up for 46 years in the data made available to us.
The FOS cohort consisted of the offspring and their spouses
of the original FHS and was sampled in 1971. This cohort
consisted of 5,214 participants, 5 through 70 years of age
at baseline. Examination of this cohort has taken place at
intervals of 4 to 8 years. Because the study design and mea-
surement instruments used in FHS and FOS are similar, we
pooled both data sets. Further description of the FHS and the
FOS can be found elsewhere (5;15). To obtain recent esti-
mates for 10-year CVD incidence (and mortality), we used
follow-up from 1968 onward. We used, therefore, data from
participants that attended exams 11 (calendar years 1968–
71), 15 (1977–79), and 20 (1987–89) of the FHS and exams
1 (1971–75) and 2 (1979–82) from FOS. Follow-up started
at the date of the chosen baseline exam. In total there were
3,742 men for the analysis.

Baseline Assessment

At baseline participants were classified by age group and by
level of absolute risk of CHD estimated with the Anderson
risk equation (1). This equation includes age, sex, systolic
blood pressure (SBP), smoking status, diabetes, the ratio of
total cholesterol/high density lipoprotein (HDL) cholesterol,
and left ventricular hypertrophy (presence on electrocardio-
gram [ECG]). The ratio for total cholesterol/HDL cholesterol
was missing for 812 participants and was imputed based
on the other variables of the formula. Enough data on the
variables required for the calculation of risk was available
in 3,332 participants. Subjects were categorized into three
groups based on their level of 10-year absolute risk of CHD:
low risk, <10 percent (2,396 participants); moderate risk, 10
to <20 percent (714 participants); and high risk, ≥20 per-
cent (222 participants). There were too few participants with
very high risk (≥30 percent) to enable the calculation of life
tables.

Effectiveness

Benefits of the interventions were calculated as number of
deaths prevented, years of life saved (YLS), and disease-
free years of life saved within a 10-year time horizon in the
two MSLT cohorts. Effects occurring after 10 years were not
taken into consideration. Effectiveness and cost-effectiveness
were calculated within the same total population. Treatment
with aspirin or statins was given to all, antihypertensives were
limited to participants with SBP > 140 mm Hg, and smoking
cessation therapy to smokers. In the case of statin therapy,
a lag time of 6 months was considered before the full risk
reduction effect was assumed, as reported by clinical trials
on primary prevention populations (27). No lag times were
included for the other therapies.

Reduction rates of CVD were taken from recent meta-
analyses (9;10;12;17;20;23;28;33). In the case of smoking
cessation strategies, we estimated the success rates of ces-
sation therapy after 1 year of follow-up. Relapse rates were
set at 0 percent, 20 percent, and 40 percent in sensitivity
analysis. The CVD risk modification after smoking cessa-
tion was based on a mathematical function derived from
a meta-analysis of observational studies comparing quitters
and continuing smokers (Table 1) (20).

We used the FHS and FOS data to estimate transition
rates for incident nonfatal CHD, fatal primary CHD, sec-
ondary fatal CHD, stroke, and death, using Poisson regres-
sion with a Gomperz distribution for the total population and
for each risk category separately. We calculated two cohorts
of 45- and 55-year-old men, followed up for 10 years, with
and without risk lowering. Comparisons between populations
with and without risk lowering yield YLS, YLS free of CHD,
and number of deaths prevented over a 10-year period.

Costs

Direct medical only costs were calculated based on current
Dutch guidelines of treatment (2;3;7) In the Netherlands,
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Table 1. Risk Reduction Effecta of Interventions in the Prevention of Cardiovascular Disease

Primary Primary Secondary
nonfatal CHD CHD Primary Secondary Cessation

Treatment CHDb deathb deathc strokeb strokec ratea Source

Aspirin 28 13 13 20 20 n.a. Hayden et al. (9)
Weisman and

Graham (33)
Antihypertensives 20 26 26 39 28 n.a. BPLTT

Collaboration (23)
Statins 34 29 29 29 29 n.a. LaRosa et al. (17)

Hebert et al. (10)
SC GP advice 5 Silagy et al. (28)
SC nicotine Reduction effect taken from a published function for smoking 17 Silagy et al. (28)

substitutes cessation in cardiovascular disease prevention (20)
SC bupropion 19 Hughes et al. (12)

a Reduction effect and cessation rates are expressed in percentages and for 1 year of treatment.
b Primary refers to events occurring in populations free of cardiovascular disease.
c Secondary refers to events occurring in populations with cardiovascular disease.
CHD, coronary heart disease, including fatal and nonfatal events; SC, smoking cessation; GP, general practitioner; n.a, not applicable.

a visit to the general practitioner (GP) costs €26.29, a tele-
phonic consultation €13.14, a blood sample test €12.19,
a prescription renewal €13.14, and each pharmacist’s fee
€6.68 (2). Aspirin treatment includes per year, one GP visit
plus the cost of aspirin 100 mg/day (€27.97) for a total of
€54.26. Medication costs of antihypertensives, statins, and
nicotine substitutes were calculated using a market share ap-
proach based on data from the Rotterdam Study (11) and
using a basket including all medications of its kind available
for prescription in The Netherlands (further description on
the market share approach is in Appendix 1). Yearly treatment
with antihypertensives includes two GP visits, two prescrip-
tion renewals, four pharmacist’s fees, one blood analysis,
and the medication costs (€122.78), leading to a total an-
nual cost of €240.55. Statin therapy includes two GP visits,
two prescription renewals, four pharmacist’s fees, one blood
analysis, and medication costs (€484.92) for an annual total
of €602.69.

Three different strategies were considered for smoking
cessation: GP advice, nicotine replacement, and bupropion.
General practitioner’s advice included only one GP visit and
no additional costs, for a one-time cost of €26.29. Because
nicotine substitutes can be obtained over the counter without
a medical prescription and without prescription renewals, we
included only medication costs for 3 months of treatment for a
total cost of €117.79 in the first year of nicotine replacement
therapy. For smoking cessation using bupropion, the annual
costs included one GP visit, one telephonic consultation, two
pharmacist’s fees, and the medication cost for 3 months of
treatment (€135.85) for a total cost of €188.64 in the first
year.

The costs of events were taken from the literature and
were restricted to direct medical costs (31). Costs per event
were for nonfatal myocardial infarction (MI) €6,972, fatal
MI €1,602, nonfatal stroke €11,870, and fatal stroke pre-
vented €3,851. All costs were standardized for calendar year

2003 correcting for inflation (when necessary) and currency
(€) adjusting for exchange rates.

Cost-Effectiveness

We used a third party payer perspective and discounted future
net costs and benefits at a nominal discount rate of 4 percent
per year (as recommended in the Netherlands), to take into
account time preference (26). This suggests that effects and
costs occurring in the future are weighted less that those
occurring in the present (13).

We calculated average costs per YLS, costs per YLS
free of CHD saved, and costs per deaths prevented for
each risk-lowering intervention per categories of risk and
age groups. The time horizon used for costs and effects
was 10 years. The cost-effectiveness ratio (CER) was the
ratio of the medical care costs to the increase in years
saved.

Sensitivity analyses test the robustness of our results.
As sources of uncertainty, we included different discount
rates, different annual relapse rates for the smoking cessa-
tion strategies, a lower drug cost for statin therapy (due to
the appearance of generic replacements), adverse effects for
aspirin treatment, different proportions of smokers, different
proportions of populations with suboptimal BP, and giving
antihypertensives to all participants with moderate/high level
of absolute CHD risk irrespective of BP level. To calculate
the impact of adverse effects caused by aspirin treatment,
we considered an approximate 1 percent incidence rate of
major bleedings among participants receiving aspirin over
10 years of treatment (9). Cost for a major bleeding event
($5,300) were taken from the literature (16). All survival
analyses were performed using STATA version 8.2 for win-
dows (Stata Corporation, College Station, TX). MSLTs were
made using Excel spreadsheets. Spreadsheets are available
upon request.
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Table 2. Costs and Effects of 10 Years of Intervention in the Primary Prevention of Cardiovascular Diseasea for a Population
at Moderate Riskb

Deaths prevented/
Costs (€) YLS/1,000 parts. HYLS/1,000 parts. 1,000 parts.c

10 years of treatment Age 50 Age 60 Age 50 Age 60 Age 50 Age 60 Age 50 Age 60

SC GP advice −10 −3 2 .9 6 2 1.31 .64
SC nicotine substitutesd −22 −6 7 2.9 21 6 4.55 2.05
SC bupropiond −15 −4 8 3.3 23 6 5.07 2.28
Aspirin 260 243 15 18.9 92 77 6.31 8.97
Antihypertensivese 472 418 6 8 19 17 2.47 3.47
Statins 4,620 4534 24 33.8 106 97 9.74 14.01

a Costs calculated in Euros from 2003. Net costs/intervention (costs of treatment minus cost of events prevented).
b Moderate risk refers to a 10-year risk of coronary heart disease between 10 and <20 percent.
c Calculated at the end of 10 years of treatment.
d Smoking cessation was given only to smokers: 68 percent of the age 50 group and 21percent of the age 60 group.
e Antihypertensives were given only to participants with high blood pressure: 27 percent of the age 50 group and 25 percent of the age 60 group.
YLS, years of life saved; HYLS, “healthy” (free of coronary heart disease) years of life saved; SC, smoking cessation; GP, general practitioner; parts.,
participants.

Incremental Cost-Effectiveness

The incremental cost-effectiveness ratio (ICER) is the ad-
ditional cost of a specific strategy divided by its additional
benefit. Based on incremental cost-effectiveness analysis, we
constructed a league table in which we ranked the interven-
tions based on their ICERs. In some cases, a more expensive
intervention was dominated by the less expensive if there
was no incremental benefit in terms of YLS (negative value).
In other words, the dominant strategy is better in all aspects.
The strategy with the largest effectiveness and with an ICER
below a threshold value of €20,000 per YLS was considered
the most cost-effective.

RESULTS

Statin therapy is the most effective strategy for all risk and
age groups, but it also is the most expensive (Tables 2 and
3). Antihypertensive therapy costs are lower compared with

Table 3. Costs and Effects of 10 Years of Intervention in the Primary Prevention of Cardiovascular Diseasea for a Population
at High Riskb

Deaths prevented/
Costs (€) YLS/1,000 parts. HYLS/1,000 parts. 1,000 parts.c

10 years of treatment Age 50 Age 60 Age 50 Age 60 Age 50 Age 60 Age 50 Age 60

SC GP adviced −24 −18 4.8 4.2 1.4 1.1 2.89 2.66
SC nicotine substitutesd −67 −50 16.3 14.1 4.9 3.9 9.89 9.22
SC bupropiond −63 −46 18.2 15.8 5.5 4.3 11.13 9.94
Aspirin 96 73 35.2 32.3 18.1 18.2 14.24 11.53
Antihypertensivese 1,256 731 34.5 25.9 11.1 7.5 14.59 8.97
Statins 4,263 4,145 49.7 56 20.2 21.6 20.11 19.56

a Costs calculated in Euros from 2003. Net costs/intervention (costs of treatment—cost of events prevented).
b High risk refers to a 10-year risk of coronary heart disease ≥20 percent.
c Calculated at the end of 10 years of treatment.
d Smoking cessation was given only to smokers: 91 percent of the age 50 group and 74 percent of the age 60 group.
e Antihypertensives were given only to participants with high blood pressure: 82 percent of the age 50 group and 50 percent of the age 60 group.
YLS, years of life saved; HYLS, “healthy” (free of coronary heart disease) years of life saved; SC, smoking cessation; GP, general practitioner; parts.,
participants.

statins but higher compared with the other therapies. For all
levels of risk and age, aspirin treatment costs less than statins
and antihypertensives and had effects (on a population level)
superior to antihypertensives but below statins. The three
smoking cessation therapies had, on a population level, lower
effects than the other three treatments. However, unlike the
other treatments, they were always cost saving.

Cost-Effectiveness

The most cost-effective treatment is smoking cessation ther-
apy, representing savings in all situations (Tables 4 and 5;
Figure 1). Statin therapy is the least cost-effective treatment
(ranging from €73,971 to €19,027 per YLS). Aspirin was
the second most cost-effective intervention (ranging from
€2,263 to €16,949 per YLS) followed by antihyperten-
sive treatment (ranging from €28,187 to €79,843 per YLS).
These rankings were maintained for all age group/risk group
categories analyzed.
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Table 4. Cost-Effectivenessa of Primary Prevention of Cardiovascular Disease in Populations at Moderate Riskb

Cost per YLS Cost per HYLS Cost per deaths preventedc

10 years of treatment Age 50 Age 60 Age 50 Age 60 Age 50 Age 60

SC GP adviced Cost saving Cost saving Cost saving Cost saving Cost saving Cost saving
SC nicotine substitutesd Cost saving Cost saving Cost saving Cost saving Cost saving Cost saving
SC bupropiond Cost saving Cost saving Cost saving Cost saving Cost saving Cost saving
Aspirin 16,949 12,862 2,837 3,147 41,204 27,090
Antihypertensivese 79,843 52,217 24,210 23,723 191,093 120,461
Statins 190,276 134,083 43,378 46,749 474,332 323,625

a Future effects and costs equally weighted with 4 percent as discount factor, costs calculated in Euros from 2003.
b Moderate risk refers to a 10-year risk of coronary heart disease between 10 and <20 percent.
c Calculated at the end of 10 years of treatment.
d Smoking cessation was given only to smokers: 68percent of the age 50 group and 21percent of the age 60 group.
e Antihypertensives were given only to participants with high blood pressure: 27 percent of the age 50 group and 25 percent of the age 60 group.
YLS, years of life saved; HYLS, “healthy” (free of coronary heart disease) years of life saved; SC, smoking cessation; GP, general practitioner.

Labeling CERs under €20,000 per YLS as “cheap,” over
€40,000 per YLS as “expensive,” and in between as “mod-
erate” (18), smoking cessation therapy (the three options)
and aspirin therapy were cheap in all situations. Antihyper-
tensive treatment was an expensive option for participants
at moderate levels of risk (irrespective of age) and a mod-
erately expensive option for participants at high levels of
risk (irrespective of age). Statin therapy was expensive in all
situations.

Incremental Cost-Effectiveness
and League Table

A cutoff value for the ICER of €20,000 per YLS is chosen.
The league table starts with the therapy that represented the
lowest costs, which in this case is smoking cessation using
nicotine substitutes.

Smoking cessation with nicotine substitutes and bupro-
pion are very cost-effective interventions; in fact they are
cost saving (Table 6). Smoking cessation with GP advice
is dominated by smoking cessation with bupropion (higher
costs, lower effects). Compared with smoking cessation, as-
pirin is cost-effective for moderate risk populations in the 60

Table 5. Cost-Effectivenessa of Primary Prevention of Cardiovascular Disease in Populations at High Riskb

Cost per YLS Cost per HYLS Cost per deaths preventedc

10 years of treatment Age 50 Age 60 Age 50 Age 60 Age 50 Age 60

SC GP adviced Cost saving Cost saving Cost saving Cost saving Cost saving Cost saving
SC nicotine substitutesd Cost saving Cost saving Cost saving Cost saving Cost saving Cost saving
SC bupropiond Cost saving Cost saving Cost saving Cost saving Cost saving Cost saving
Aspirin 2,716 2,263 528 400 6,741 6,331
Antihypertensivese 36,399 28,187 11,282 9,699 86,086 81,493
Statins 85,715 73,971 21,097 19,155 229,885 211,912

a Future effects and costs equally weighted with 4 percent as discount factor, costs calculated in Euros from 2003.
b High risk refers to a 10-year risk of coronary heart disease ≥20 percent.
c Calculated at the end of 10 years of treatment.
d Smoking cessation was given only to smokers: 91 percent of the age 50 group and 74 percent of the age 60 group.
e Antihypertensives were given only to participants with high blood pressure: 82 percent of the age 50 group and 50 percent of the age 60 group.
YLS, years of life saved; HYLS, “healthy” (free of coronary heart disease) years of life saved; SC, smoking cessation; GP, general practitioner.

years age group and for high-risk populations irrespective of
age. At a population level, antihypertensives are dominated
by aspirin treatment. Statins have very high ICERs and ap-
pear last in our cost-effectiveness league. However, as they
have very high effectiveness, they are never dominated by
the other treatments.

Sensitivity Analysis

The order in the CERs presented in Tables 4 and 5 was not
sensitive to changing discount factors for either costs or ef-
fects (Table 7). Using no discounting for effects and costs
resulted in lower CERs, and using higher discount factors
resulted in higher CERs. When we used 4 percent to dis-
count future costs and left effects undiscounted, CERs were
lower. We choose to present these different combinations of
discounting considering the existing controversies and lack
of standardization in time preference analysis (30).

The order of our results was not altered when different
annual relapse rates (20 percent and 40 percent) were con-
sidered for the three smoking cessation strategies, or when
costs of adverse events were taken into account for aspirin
treatment.
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Table 6. League Table of Primary Prevention of Cardiovascular Disease (Incremental Cost-effectiveness Analysis)

Moderate riska High riskb

Age 50 Age 60 Age 50 Age 60

10 years of treatment Costsc ICERd Costsc ICERd Costsc ICERd Costsc ICERd

SC nicotine −22 Cost saving −6 Cost saving −67 Cost saving −50 Cost saving
substitutese

SC bupropione −15 8,033 −4 6,107 −63 2,188 −46 2,355
SC GP advicee −10 Dominated −3 Dominated −24 Dominated −18 Dominated
Aspirin 260 36,207 243 15,799 96 9,336 73 7,213
Antihypertensivesf 472 Dominated 418 Dominated 1,256 Dominated 731 Dominated
Statins 4,620 488,460 4,534 287,608 4,263 287,496 4,145 171,670

a Moderate risk refers to a 10-year risk of coronary heart disease between 10 and <20 percent.
b High risk refers to a 10-year risk of coronary heart disease ≥20 percent.
c Costs calculated in Euros from 2003. Net costs/intervention (costs of treatment—cost of events prevented).
d ICERs are presented in costs per years of life saved.
e Smoking cessation was given only to smokers: 68 percent and 91 percent of the age 50 group with moderate and high risk, respectively, and 21 percent and
74 percent of the age 60 group with moderate and high risk, respectively.
f Antihypertensives were given only to participants with high blood pressure: 27 percent and 82 percent of the age 50 group with moderate and high risk,
respectively, and 25 percent and 50 percent of the age 60 group with moderate and high risk, respectively.
YLS, years of life saved; ICER, incremental cost-effectiveness ratio; SC, smoking cessation; GP, general practitioner.

When a lower medication cost of statin therapy was
included, similar to an off-patent cost of simvastatin, the
resulting CER of statin therapy was comparable to the CER of
antihypertensive treatment. This lower cost of statin therapy
represented a reduction of 68 percent in the current cost of
statins in The Netherlands and was taken from the current
price of generic simvastatin in Denmark (29). However, in an
incremental cost-effectiveness analysis, the cheapest statins
still cannot compete with smoking cessation or aspirin.

Changing the proportion of smokers and participants
with SBP ≥ 140 mm Hg or giving antihypertensives by level

Table 7. Sensitivity Analysis on the Cost-Effectiveness of Primary Prevention of Cardiovascular Disease

Cost per YLSa for a population with 50 years age and High Riskb

Statins Drug Annual Relapse Annual Relapse Considering
Costs Reduced Rate for SC: Rate for SC: Adverse Effects

Future Costs Future Costs by 68%c 20% 40% of Aspirind

Discounted Future Costs and Effects Costs and Costs and Costs and Costs and
Ten-years by 4%, Effects and Effects Discounted Effects Effects Effects Effects
Treatment Undiscounted Undiscounted by 6% Discounted 4% Discounted 4% Discounted 4% Discounted 4%

SC GP Advicea Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving
SC Nicotine Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving

Substitutese

SC Bupropione Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving Cost-saving
Aspirin 2087 2461 2856 2716 2716 2716 3655
Antihypertensivesf 28032 32941 38284 36399 36399 36399 36399
Statins 65806 77441 90240 34889 85715 85715 85715

Abbreviations: YLS, Year of Life Saved; SC, Smoking Cessation; GP, General Practitioner.
a Costs calculated in Euros from 2003.
b High risk refers to a ten-year risk of coronary heart disease? 20%.
c Drug costs reduction of 68% is comparable to the price of Simvastatin in Denmark29 compared to the price in The Netherlands.
d Adverse effects considered were major gastrointestinal bleeding at an incidence rate of 1% in 10 years.
e Smoking cessation was given only to smokers: 68% and 91% of the age 50 group with moderate and high risk respectively, and 21% and 74% of the age
60 group with moderate and high risk respectively.
f Antihypertensives were given only to participants with high blood pressure: 27% and 82% of the age 50 group with moderate and high risk respectively,
and 25% and 50% of the age 60 group with moderate and high risk.

of absolute risk irrespective of level of SBP changed the
CERs mildly, but not their order nor the order of the league
table (not presented).

DISCUSSION

This study confirms that, apart from smoking cessation in
smokers, aspirin treatment remains the first pharmacologi-
cal option in population level primary prevention of CVD.
Antihypertensive treatment for moderate hypertension is
moderately efficient, but statins will have to be much less
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expensive to compete with aspirin in the primary prevention
of CVD.

Although smoking cessation therapies represented sav-
ings in all situations, the absolute benefits obtained with this
treatment were consistently lower compared with the other
three alternatives. Also, this therapy can obviously only be
offered to a particular population (smokers), which further
limits the potential benefits at the population level. For non-
smokers, aspirin remains the most cost-effective option, with
large levels of effects and relatively low cost for its bene-
fits. Statins in contrast showed very good results in terms of
YLS, YLS free of CHD, and number of deaths prevented,
but the cost of treatment is still too high to offer this therapy
to everybody who may benefit, even when statins off-patent
were considered. Larger reductions in the price of statins are
needed before they can be given to populations at levels of
10-year CHD risk below 30 percent. An important limita-
tion of this study is that prevalence of higher risks than 30
percent was too small in the Framingham study populations
to be able to estimate life tables, the estimate above which
treatment was advocated in most guidelines. Although we
cannot judge if use of statins in primary prevention at risks
above 30 percent is efficient, below 30 percent it is not.
Antihypertensives showed lower costs and better efficiency
than statins but also lower effectivity. Another limitation of
our study is that we do not present cost-effectiveness esti-
mates for women. We decided to include only men due to the
scarcity of evidence for women that did not allow us to find
published estimates for all the transition rates required in our
analyses.

We did not include savings in terms of CVD interven-
tions (coronary artery bypass grafting or percutaneous trans-
luminal coronary angioplasty) secondary to treatment. The
reason behind this decision is the constant change in CVD
treatment, which makes current populations not compara-
ble with populations from the 1970s and 1980s, in terms
of invasive treatments of CHD. Additionally, due to the
unavailability of echocardiographic measures, left ventric-
ular hypertrophy was defined in the Framingham popula-
tions based on ECG measurements. However, we expect
that this would only introduce into our analysis a nondif-
ferential misclassification of the risk levels of the population
studied.

We selected a 10-year time horizon and considered no
effects (or costs) beyond. The main reason is that cost-
effectiveness ratios over longer time horizons are heavily
determined by the highest levels of risk at older ages, and
require arguable assumptions about health effects of treat-
ment over long periods and at old ages. Additionally, there
is no evidence on the benefits of statins for periods of time
beyond 6 years. We did not value saved lives after 10 years
of treatment, but mentioned this apart as costs per averted
death. Nevertheless in terms of cost-effectiveness, our ratios
are comparable to the existing CERs in the literature. In the
case of statin therapy, our CERs fall within the estimated

range for primary prevention of CVD published by Pharoah
and Hollingworth (25), using also a life table approach and
a 10-year time horizon. If we transform the saved lives into
YLS by using the residual population life expectancy at age
55 and 65, the CER are comparable to studies using a life-
time time horizon (data not shown). The main strength of this
study is the comparative analysis, using the same methods
and showing the same rankings. The ratios of the other ther-
apies fall within the ranges of their correspondent literature
(21;22;24).

We decided to use a market share approach and select
a single estimate for each strategy because using every po-
tential combination of estimates and specific drugs is beyond
the scope of this study. We used only costs based on cur-
rent Dutch standards, which limits the generalizability of our
results.

Except for aspirin, no adverse effects were taken into
account in our analysis for the strategies considered, be-
cause no evidence of serious complications exists at low
or normal dosages. In general, in this study, we have
considered compliance of the different therapies selected
by using the relative risks results of intention-to-treat
randomized controlled trials, which incorporate the trial
compliance.

Perhaps in the future, with the advent of a low-cost
Polypill (32), the situation may change in the primary pre-
vention of CVD and all the beneficial interventions could
be offered to everyone that requires them, without exhaust-
ing our budgets. However, in the meantime, we have to deal
with our current options and design an effective and realistic
strategy.

In conclusion, we found that, for cost-effective phar-
macological population prevention of CHD, the first line of
intervention should be smoking cessation therapy for smok-
ers and aspirin for all levels of risk. Antihypertensive therapy
is efficient over a wide range of risk but not the cheapest op-
tion. Statin therapy is an expensive option and should not
represent a first-choice in primary prevention; guidelines on
primary prevention of CVD should not advise treatment with
statins for populations at levels of 10-year CHD risk below
30 percent.

POLICY IMPLICATIONS

For cost-effective pharmacological population prevention of
CHD, the first line of intervention should be smoking ces-
sation therapy for smokers and aspirin for all levels of risk.
Statin therapy is an expensive option and should not repre-
sent a first choice in the primary prevention of cardiovascular
disease.
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