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Objectives: To compare the potential years of life saved
(YOLS) associated with risk factor modification in the
primary and secondary prevention of cardiovascular disease (CVD).
Methods: The CVD life expectancy model estimates the

risk of death due to coronary disease, stroke, and other
causes based on the levels of independent risk factors (such
as age, blood pressure, and blood lipid levels) found in the
cohort of the Lipid Research Clinics. The model was validated by comparing its predictions with the observed fatal
outcomes of 9 randomized clinical trials. We then estimated the YOLS associated with treating hyperlipidemia
or hypertension among hypothetical patient groups with
and without CVD at baseline. We defined high-risk patients as those with 3 risk factors (hyperlipidemia, cigarette smoking, and hypertension) and low-risk patients as
those with isolated hypertension or hyperlipidemia.

casted benefits of lipid therapy were substantially greater
among high-risk groups vs low-risk groups (4.74-0.78
YOLS vs 2.50-0.25 YOLS, respectively). Among those with
CVD, the forecasted benefits of treatment were similar
for both high-risk and low-risk groups (4.65-0.65 YOLS
vs 3.84-0.58 YOLS, respectively). The results for hypertension therapy also demonstrated greater benefits for
high-risk vs low-risk patients undergoing primary prevention therapy (1.34-0.29 YOLS vs 0.85-0.13 YOLS,
respectively), and the forecasted benefits in secondary prevention were similar (1.26-0.23 YOLS vs 1.00-0.23 YOLS,
respectively).

Results: The fatal events predicted by the model were

Conclusions: The clinical approach to risk factor modification in primary prevention should be different from
that in secondary prevention. The forecasted benefits of
therapy among patients without CVD are greatest in the
presence of other risk factors. Among those with CVD,
the benefits of therapy are equivalent, thereby obviating
the need to target high-risk patients.

consistent with the clinical trial results. Among men and
women with hyperlipidemia without CVD, the fore-
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ECENT CLINICAL trials evalu-

ating the effects of modifying blood lipid levels in
subjects with cardiovascular disease (CVD) have
demonstrated substantial benefits in terms
of reducing the risks of recurrent disease
and extending overall survival. The Scandinavian Simvastatin Survival Study1 (4S)
demonstrated mean changes in levels of
total cholesterol, low-density lipoprotein
(LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol of −25%, −35%
and +8%, respectively, after lipid lowering treatment. During a median follow-up of 5.4 years, a 35% reduction in
deaths due to coronary events and nonfatal myocardial infarctions was discovered between the intervention and control groups. In the Cholesterol and
Recurrent Events (CARE) trial,2 subjects
with more modest levels of hyperlipid-

emia were also shown to benefit from
modification of lipid levels. In this study,
mean changes in levels of total cholesterol, LDL cholesterol, and HDL cholesterol of −20%, −28%, and +5%, respectively, resulted in a 24% reduction in
deaths due to coronary events and nonfatal myocardial infarctions.
Although the 4S1 and CARE2 study
were designed to evaluate the impact of use
of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) on
coronary events, both studies also reported reductions in the rates of stroke in
the treatment groups. In a post hoc analysis, 4S showed a 30% reduction in the rates
of fatal and nonfatal cerebrovascular events
in the simvastatin group vs the placebo
group. The CARE study also reported a
31% lower stroke rate in the pravastatin
group vs the placebo group. This potential beneficial effect of lipid lowering
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SUBJECTS AND METHODS
The CVD life expectancy model estimates the benefits of
CVD risk factor modification for both primary and secondary prevention. For given levels of CVD risk factors,
this Markov model describes the yearly transitions to 3
causes of death: coronary disease, stroke, and other. The
yearly probabilities associated with these transitions are estimated using multivariate logistic regression coefficients
derived from data from the Lipid Research Clinics (LRC)
program prevalence and follow-up studies.16-18
LRC COHORT
The LRC prevalence studies were conducted from 1972 to
1976 in 10 clinics in North America to determine the prevalence of dyslipoproteinemias and related factors.16-18 A 15%
random sample of participants plus all patients with abnormal lipid values determined primarily by sex- and agespecific threshold levels of plasma cholesterol and triglycerides were invited to return for a second visit (visit 2).19
The group with abnormal lipid values was not included in
the determination of the logistic coefficients used in the current CVD model. Among the 15% random sample, we also
excluded patients who (1) were taking digitalis or antiarrhythmic or lipid-altering medications; (2) were pregnant; (3) had been fasting for less than 12 hours prior to
lipid testing; or (4) had their blood sample frozen prior to
analysis.
All men and women aged 30 years and older at visit 2
were followed up prospectively to provide data on subsequent mortality. Telephone or mail contact began annually in July 1977, and subjects were followed up through
June 1987, for an average follow-up of 12.2 years. Specific
causes of mortality were ascertained by review of death certificates and hospital records, and the vital status of 99%
of the subjects was established at least once during the follow-up period. Details of laboratory and quality control procedures have been described elsewhere.16,19
The clinical characteristics of the cohort used in the
model are found in Table 1. At baseline, subjects were classified as having CVD if they had a diagnosis or symptoms
of coronary heart disease, cerebrovascular disease, or peripheral vascular disease. The clinical criteria for these 3
diagnoses have been previously described.20
ESTIMATING FATAL OUTCOMES
We developed 3 multivariate models to predict the risk
of death due to coronary disease, stroke, or other causes.

therapy in reversing the progression of carotid atherosclerosis and its impact on cerebrovascular events had
been previously suggested by some earlier research, but
the results were modest and inconsistent.3-5 Given the conflicting results of prior epidemiological studies and stroke
prevention trials,6-10 neither 4S1 nor CARE2 were designed to demonstrate this unanticipated result.
Clinicians, patients, and health care payers are now
faced with the reality of treating hyperlipidemia and hypertension among patients with CVD. This secondary prevention will require lifelong therapy based on the re-

A selection of variables from the LRC follow-up data
found to be univariately associated with each of the fatal
end points were entered in a forward stepwise logistic
regression model. The following variables were entered
into each model: age; sex; blood pressure (systolic, diastolic, and mean); body mass index (calculated as the
weight in kilograms divided by the square of the height
in meters); smoking status; alcohol consumption status;
use of medication to reduce blood pressure; and presence of CVD, diabetes, or left ventricular hypertrophy.
Measurement of cholesterol levels included total, HDL,
LDL, non-HDL, and triglycerides. Glucose intolerance
was defined as taking medication for diabetes or having
a plasma glucose level greater than 6.7 mmol/L (120 mg/
dL). Cigarette smoking was defined as presently smoking cigarettes. Mean blood pressure was calculated as 2⁄3
the diastolic blood pressure plus 1⁄3 the systolic blood
pressure.
We used a 10-year follow-up for death due to both coronary disease and stroke to maximize the numbers of events
available for each risk function. For other deaths, a 5-year
follow-up was used because it produced a more robust risk
function despite fewer outcomes.
Independent risk factors associated with each end
point are presented in Table 2. For example, the risk
factors associated with death due to coronary disease
included cigarette smoking, female vs male sex, mean
blood pressure, the presence of CVD, age, the presence of
glucose intolerance, and the natural log of the LDL/HDL
cholesterol ratio. The log transformation was used to normalize the skewed distribution of the LDL/HDL cholesterol ratio.
Risk factors for death due to stroke included cigarette smoking, mean blood pressure, the presence of CVD,
age, glucose intolerance, and the natural log of the LDL/
HDL cholesterol ratio. For other deaths, risk factors in the
final model were cigarette smoking, sex, and the square of
age. All risk factors were statistically significant (P,.05)
with the exception of the variable sex for the outcome of
other deaths. Although it was not significant, we included
this variable in the model because it reduced the risk for
women as expected.
The annual probability of each fatal outcome could
then be calculated for a cohort of subjects with specified
levels of risk factors. For example, the 1-year probability
of death due to coronary disease based on a 10-year risk
function is calculated as 1⁄10 the 10-year risk, which is a function of the level of risk factors for death due to coronary
disease.
For all simulations, the proportion of subjects developing nonfatal CVD and surviving was calculated

sults of short-term clinical trials. Disease simulation
models will therefore be required to estimate the longterm benefits of therapy for specific groups of patients.
To fully evaluate the benefits, both cerebrovascular and
coronary events must be considered. For modification
of lipid levels, previous models focusing only on coronary disease may also underestimate the impact on stroke
given the recent trial results.11-15
We have developed a CVD life expectancy model
to estimate the benefits of risk factor modification in the
primary and secondary prevention of CVD, including
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annually. The probabilities of developing coronary insufficiency, a nonfatal myocardial infarction, a transient ischemic attack, or a nonfatal stroke were estimated by the
ratios of nonfatal to fatal events predicted by the results of
the LRC Primary Prevention Trial,21 Framingham Heart
Study,22 or the 4S.1
ESTIMATING LIFE EXPECTANCY
To estimate life expectancy, a cohort of subjects (n=1000)
with or without CVD is entered into the model at age x
(30-74 years) with specified levels of risk factors. In the
year after entry into the model, subjects either die of coronary disease, cerebrovascular disease, or other causes or
survive.
Survivors may have developed nonfatal coronary or
cerebrovascular disease or remain disease free. Surviving
subjects age 1 year and reenter the model for the following year. This process continues until all subjects die or reach
102 years of age. At this point, the remaining subjects are
assumed to die and mean life expectancy can be calculated by summing across the total person-years of life experienced by the cohort and dividing by the subjects at risk
at entry into the model (n=1000).
When comparing treatments having a differential impact on risk factors and hence survival, the benefits associated with one treatment over the other are the years of
life saved (YOLS) due to the better treatment minus the
worse or no treatment. This value is computed as
YOLS = LEBetter − LEWorse,
where LE indicates life expectancy.
MODEL VALIDATION
The accuracy of the model to forecast the benefits of treating hypertension or hyperlipidemia was assessed using the
results of primary prevention lipid trials including the LRC
Coronary Primary Prevention Trial,21 the Helsinki Heart
Study,23 and the West of Scotland Coronary Prevention
Study24; secondary prevention lipid trials including the Program on the Surgical Control of the Hyperlipidemias,25 the
4S,1 and the CARE2 trials; and hypertension trials including the Systolic Hypertension in the Elderly Program,26 the
Metoprolol Atherosclerosis Prevention in Hypertensives,27 and the Multiple Risk Factor Intervention Trial.28
Each of these trials was selected as risk factor levels at baseline and after interventions could be obtained from published reports.
For lipid trials, a 1-year delay was assumed to occur
before the observed reductions in lipid levels translated

coronary disease and stroke. In this study, we present the
model, validate the accuracy of the model predictions,
and compare the benefits of treating hyperlipidemia and
hypertension in primary and secondary prevention.
RESULTS

MODEL VALIDATION
The model demonstrated reasonable accuracy at predicting mortality from coronary disease in primary and sec-

into a full decrease in risk as predicted by the multivariate risk function. This is consistent with delays in benefits observed in randomized placebo-controlled clinical
trials of lipid-lowering treatments. We also assumed a
1-year period would be required for the benefits of
hypertension therapy to occur. In addition, we assumed
that only 50% of the predicted benefits of blood pressure
reduction would be actually realized based on a metaanalysis of hypertension trials by Collins and coworkers.29 When LDL cholesterol levels were not reported in
the results of clinical trials, deaths due to coronary disease and stroke were predicted with a model developed
using the natural log of the total/HDL cholesterol ratio
instead of the natural log of the LDL/HDL cholesterol
ratio.
ESTIMATING THE BENEFITS OF TREATMENTS
FOR HYPERLIPIDEMIA OR HYPERTENSION
We conservatively assumed that the benefits of all interventions stopped at age 75 years. The benefits of modification of lipid levels and hypertension intervention for
men and women aged 40, 50, 60, and 70 years with and
without CVD were then calculated using the model. We
further classified subjects as being at low and high risk
based on the hypothetical presence of other risk factors.
For the lipid simulations, we defined low-risk subjects as
those who did not smoke cigarettes and had a blood pressure of 120/80 mm Hg, and high-risk subjects were
defined as those who smoked cigarettes and had a blood
pressure of 160/100 mm Hg, consistent with earlier analyses.11 For hypertension intervention simulations, low-risk
subjects were defined as those who did not smoke with an
LDL/HDL cholesterol ratio of 3.50 (LDL cholesterol, 3.85
mmol/L [149 mg/dL] and HDL cholesterol, 1.1 mmol/L
[43 mg/dL]) and high-risk subjects were defined as those
who smoked with an LDL/HDL cholesterol ratio of 4.90
(LDL cholesterol, 4.90 mmol/L [189 mg/dL] and HDL
cholesterol, 1.0 mmol/L [39 mg/dL]).
The impact of intervention on lipid levels was
assumed to be a 35% decrease in LDL cholesterol levels
and an 8% increase in HDL cholesterol levels, similar to
the results of the 4S.1 These simulations were performed
for subjects with a baseline LDL cholesterol level of 5.46
mmol/L [211 mg/dL] and an HDL cholesterol level of 1.1
mmol/L [43 mg/dL]. The hypertension intervention simulations assumed reductions of 10 mm Hg in systolic blood
pressure and 7 mm Hg in diastolic blood pressure from a
baseline blood pressure of 160/100 mm Hg, which
approximated the results of the 3 previously cited hypertension trials.26-28

ondary prevention lipid trials, hypertension trials, and
the Multiple Risk Factor Intervention Trial28 (Figure 1).
First, the model correctly forecasted the increased incidence of deaths due to coronary disease among the secondary prevention lipid trials (Program on the Surgical
Control of the Hyperlipidemias,25 CARE,2 and 4S1) vs the
primary prevention trials (LRC,21 West of Scotland Coronary Prevention Group,24 and the Helsinki Heart Study23).
Second, the deaths due to coronary disease in the hypertension trials (Metoprolol Atherosclerosis Prevention in
Hypertensives27 and Systolic Hypertension in the El-
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Table 1. Patient Characteristics
in the Lipid Research Clinics Cohort

Table 2. Odds Ratio for Independent Risk Factors
Included in the Final Models*
Values

Mean ± SE age, y
Mean ± SE cholesterol level, mmol/L (mg/dL)
Total
LDL
HDL
Total/HDL cholesterol ratio
LDL/HDL cholesterol ratio
Mean ± SE triglyceride level, mmol/L (mg/dL)
Mean ± SE blood pressure, mm Hg
Systolic
Diastolic
Mean†
Mean ± SE body mass index, kg/m2‡
White race, %
Male sex, %
Cardiovascular disease at entry, %
Family history of CHD, %
Glucose intolerance, %
Definite left ventricular hypertrophy, %
Cigarette smokers, %
Taking blood pressure medication, %

47.1±0.17
5.32±0.01 (205±0.4)
3.49±0.01 (135±0.4)
1.36±0.01 (53±0.4)
4.28±0.03
2.84±0.02
1.40±0.01 (124±0.9)
124±0.27
79±0.16
94±0.18
25.49±0.06
95
52
4.9
23
3.4
0.4
33.4
7.5

*LDL indicates low-density lipoprotein; HDL, high-density lipoprotein; and
CHD, coronary heart disease.
†Mean blood pressure equals 2⁄3 distolic + 1⁄3 systolic.
‡Body mass index is calculated as the weight in kilograms divided by the
square of the height in meters.

derly Program26) and Multiple Risk Factor Intervention
Trial28 were also predicted by the model. Third, the predicted results in both the intervention and control groups
of the 9 randomized trials correlate strongly with those
that were actually observed (R2 =0.96; P,.001). Accordingly, it appears that the results of primary and secondary prevention trials can be predicted on the basis of actual changes in LDL and HDL cholesterol levels, mean
blood pressure, and smoking habits across different therapeutic interventions and different patient populations.
Similar results were obtained for the model forecasting death due to stroke (R 2 =0.68; P=.004) and
total deaths (R2 =0.92; P,.001). Finally, the forecasted
absolute reduction in fatal events predicted by the
model approximated the results actually observed
between the intervention and control arms of each
clinical trial (Table 3). For instance, the net impact
of modifying lipid levels in the LRC study21 resulted in
a net reduction of 4.73 fatal coronary events per 1000
(between the cholestyramine and diet vs diet only
groups) vs 6.37 that were actually observed. For death
due to stroke, the model forecasted a reduction of less
than 1 event per 1000 compared with zero, which was
actually observed. Finally, in terms of total mortality,
the model predicted a reduction of 4.72 events per
1000 vs 1.69, which was actually observed. Among 9
randomized clinical trials, the predicted benefits of
intervention fell within the 95% confidence interval of
the observed results for 25 (96%) of 26 outcomes.
These results confirm the ability of the model to accurately capture the net impact of risk factor modification in terms of cardiovascular mortality and total
mortality.

Risk Factors

CHD
Death

Stroke
Death

Other
Deaths

Cigarette smoking
Sex
Mean blood pressure
Cardiovascular disease
Age
Age2
Glucose intolerance
Natural log LDL/HDL (per unit)

1.907†
0.446‡
1.033§
3.722§
1.080§
...
3.309§
5.066§

3.674†
...
1.055‡
4.171‡
1.135§
...
7.089§
3.740†

2.508‡
0.909
...
...
...
1.001§
...
...

*CHD indicates coronary heart disease; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; and ellipses, not applicable.
†P,.05.
‡P,.005.
§P,.001.
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Figure 1. The forecasted rates of death caused by coronary heart disease
(per 1000) using the cardiovascular life expectancy model vs the rates
observed in prevention trials. POSCH indicates Program on the Surgical
Control of the Hyperlipidemias 25; 4S, Scandinavian Simvastatin Survival
Study 1; CARE, Cholesterol and Recurrent Events Trial 2; MRFIT, Multiple Risk
Factor Intervention Trial 28; SHEP, Systolic Hypertension in the Elderly
Program 26; MAPHY, Metoprolol Atherosclerosis Prevention in
Hypertensives 27; LRC, Lipid Research Clinics Coronary Primary Prevention
Trial 21; WOSCOP, West of Scotland Coronary Prevention Study 24; HHS,
Helsinki Heart Study 23; squares, the active intervention arm of each study
(except for the MAPHY metoprolol group); and circles, the placebo or usual
care groups (except for the MAPHY diuretics group).

FORECASTING THE BENEFITS
OF TREATING HYPERLIPIDEMIA
We forecasted the YOLS for low-risk men with hyperlipidemia who are free of disease and using therapy with
3-hydroxy-3-methylglutaryl coenzyme A, which ranged
from 2.50 YOLS for those aged 40 years to 0.43 YOLS
for those aged 70 years (Figure 2, A). For high-risk patients (smokers with hypertension), the forecasted benefits were approximately 2-fold greater, ranging from 4.74
YOLS for those aged 40 years to 0.78 YOLS for those aged
70 years. Among women free of disease, the forecasted
benefits of therapy were less than those predicted for men,
reflecting the lower absolute risk of CVD among women
with all other things being equal (Figure 2, C). Nonetheless, the forecasted benefits of treating high-risk women
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Table 3. Predicted Differences in Outcomes vs Observed Trial Results (Deaths per 1000)
Differences in Deaths Between Study Groups*
CHD
Study
21

LRC
HHS23
WOSCOP24
POSCH25
4S1
CARE2
SHEP26
MAPHY27
MRFIT28

Stroke

Total

Predicted

Observed (95% CI)

Predicted

Observed (95% CI)

Predicted

Observed (95% CI)

4.73
3.77
10.20
44.21
36.06
20.94
1.95
−0.43
4.88

6.37 (−3.05, 15.78)
2.53 (−3.46, 8.52)
6.11 (−0.15, 12.37)
29.51 (−11.74, 70.76)
35.04 (19.88, 50.21)
11.27 (−2.68, 25.23}
5.84 (−15.34, 7.17)
−4.09 (−3.95, 15.64)
3.67 (−2.67, 10.03)

0.16
0.17
...
2.61
4.07†
2.06
1.48
−0.04
0.54

0.00 (−2.06, 2.06)
−0.95 (−4.48, 2.57)
...
2.42 (−8.06, 12.91)
−0.91 (−5.84, 4.03)
−2.38 (−7.75, 2.98)
1.68 (−8.91, 0.32)
−4.30 (−2.79, 6.14)
0.46 (−1.69, 2.61)

4.72
4.03
10.38
46.16
40.40
22.80
2.56
−0.53
5.20

1.69 (−10.75, 14.14)
−1.25 (−10.60, 8.10)
8.89 (−0.46, 18.25)
32.29 (−15.97, 80.55)
33.24 (15.27, 51.16)
8.05 (−9.88, 25.98)
12.00 (−25.69, 4.33)
−10.68 (−5.20, 29.21)
6.25 (−3.30, 15.79)

*Refers to differences between treatment and control arms except for MAPHY (metoprolol vs diuretics) and MRFIT (special intervention vs usual care). CHD
indicates coronary heart disease; CI, confidence interval; LRC, Lipid Research Clinics; HHS, Helsinki Heart Study; WOSCOP, West of Scotland Coronary Prevention
Study; POSCH, Program on the Surgical Control of the Hyperlipidemias; 4S, Scandinavian Simvastatin Survival Study; CARE, Cholesterol and Recurrent Events
trial; SHEP, Systolic Hypertension in the Elderly Program; MAPHY, Metoprolol Atherosclerosis Prevention in Hypertensives; MRFIT, Multiple Risk Factor
Intervention Trial; and ellipses, data not reported.
†All the predictions (except stroke death for 4S) of the cardiovascular disease life expectancy model fall within the 95% CIs observed in each clinical study.

(3.76-0.80 YOLS) were approximately 3-fold greater
than those predicted for low-risk women (1.12-0.25
YOLS), further emphasizing the importance of selecting high-risk men and women for therapy to lower
lipid levels in the primary prevention of CVD (Figure
2, A and C).
Among low-risk subjects with CVD, the forecasted
benefits of therapy to lower lipid levels were generally
greater than those predicted for subjects without CVD
(Figure 2, B and D). Although men were predicted to benefit more than women, the sex differences surrounding
secondary prevention were not as striking as those estimated for primary prevention. For instance, among those
with CVD, we forecasted 3.84 YOLS for a 40-year-old man
without other risk factors compared with 2.58 YOLS for
a woman of the same age. Accordingly, the benefits for a
man are approximately 50% greater than for a woman
with all other things being equal. In the absence of CVD,
forecasted benefits for a 40-year-old man were 2.50 YOLS
vs 1.12 YOLS for a woman of the same age; a more than
2-fold difference.
For high-risk men and women with CVD, the benefits of therapy were essentially the same (4.65-0.65 YOLS
vs 4.39-0.75 YOLS, respectively). Moreover, the forecasted benefits of treating high-risk patients with CVD
were only slightly greater than those forecasted for lowrisk patients. Among high-risk and low-risk men, there
was essentially no difference in the forecasted benefits
of treatment. The benefits of treating high-risk women
were greater than those predicted for low-risk women,
but the difference was substantially smaller than that predicted for women without CVD.
These simulations suggest that among patients with
hyperlipidemia and CVD, the presence of other risk factors has little impact on the forecasted benefits of modifying the blood lipid levels. While targeting high-risk patients in primary prevention is essential, it may be
irrelevant in secondary prevention once symptomatic disease is apparent.

FORECASTING THE BENEFITS
OF TREATING HYPERTENSION
The forecasted benefits of treating hypertension among
patients with and without CVD are consistent with those
described for hyperlipidemia. In primary prevention, highrisk men will benefit more than those at low risk (1.190.29 YOLS vs 0.85-0.17 YOLS, respectively) (Figure 3,
A). In secondary prevention, the presence of symptomatic CVD also negates the importance of identifying other
cardiovascular risk factors when selecting which patients to treat for hypertension because the benefits of
therapy for high- vs low-risk men are similar (1.08-0.23
YOLS vs 1.00-0.23 YOLS) (Figure 3, B). Similar results
were found for women (Figure 3, C and D).
COMMENT

We have developed and validated a CVD life expectancy model that forecasts the benefits of risk factor modification in primary and secondary prevention. Predicted outcomes include deaths due to coronary disease,
stroke, and other causes. Accordingly, the benefits of treating modifiable risk factors, such as hyperlipidemia, hypertension, or cigarette smoking, can be compared in
terms of their impact on mortality due to coronary or cerebrovascular disease and other causes.
This model builds on more than a decade of previous work assessing the impact of risk factors on coronary disease or stroke.11-15 Accordingly, the methods and
results of this model are similar to those that have been
published. However, this model differs in a number of
important respects. Although previous modeling usually has been based on the data from the Framingham
study,10 we have used data from LRC16-19 because subjects in this cohort included those with and without CVD
at baseline. Nonetheless, the independent risk factors presented in Table 2 are consistent with previously published results.10 Moreover, previous analyses20 have dem-
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Figure 2. Forecasted years of life saved following treatment of hypertension
in subjects with cardiovascular disease (CVD). High-risk subjects are those
who smoke cigarettes and have a low-density lipoprotein (LDL) cholesterol
level of 4.9 mmol/L (189 mg/dL) and high-density lipoprotein (HDL)
cholesterol level of 1.0 mmol/L (39 mg/dL) (LDL/HDL=4.9). Low-risk
subjects are those who do not smoke cigarettes and have an LDL cholesterol
level of 3.85 mmol/L (149 mg/dL) and an HDL cholesterol level of 1.1
mmol/L (43 mg/dL) (LDL/HDL=3.5) with blood pressure of 120/80 mm Hg
or lower.

onstrated that the multivariate equations from the
Framingham Heart Study are strongly predictive for deaths
due to coronary disease in the LRC cohort.
We have also integrated deaths due to both coronary disease and stroke so that the impact of treating hypertension, hyperlipidemia, or cigarette smoking can be
better compared across the 2 major causes of death due
to CVD. This model is also the first to be validated on
both primary and secondary prevention clinical trials,
which is an essential step before completing simulations to estimate the effectiveness and cost-effectiveness
of therapy.30,31 Accordingly, it can be used to compare
the predicted benefits of risk factor modification before
and after the development of symptomatic CVD.
Despite the validation of short-term clinical trials,
the simulations presented in this study should be accepted with caution because they represent long-term forecasts, which have no comparable results from clinical studies. For instance, we have conservatively assumed that
all the benefits forecasted by the model stop at age 75
years. This recognizes that randomized clinical trials in
subjects older than 75 years have not been completed,
and one can only speculate on the potential benefits of
risk factor modification among these patients. It should
also be noted that models previously published by our
group and others10,32,33 have included interaction terms
between age and other risk factors to capture the declining impact of these factors among the elderly. Although
such interaction terms were evaluated in the current
model, they either were not statistically significant or en-

Low Risk
6

5

5

4

4

3

3

2

2

1

1

Men With CVD

B

0

0
40
6

50

60

Women Without CVD

70

C

40
6

5

5

4

4

3

3

2

2

1

1

50

60

Women With CVD

70

D

0

0

0

0

6

B

Years of Life Saved

High Risk

40

50

Age, y

60

70

40

50

Age, y

60

70

Figure 3. Forecasted years of life saved following lipid level modification in
subjects with cardiovascular disease (CVD). High-risk subjects are those
who smoke cigarettes and have a blood pressure of at least 160/100 mm Hg.
Low-risk subjects are those who do not smoke cigarettes and have a blood
pressure of 120/80 mm Hg or lower.

tered the model at the expense of other important risk
factors we were not prepared to exclude. In fact, we suspect that many of the modifiable risk factors decline in
importance with advancing age. However, the present
model, based on the limited number of events documented in the LRC17,18 cohort, possesses insufficient power
to include relatively weak but potentially important age
interaction terms.
The results of our simulations for the primary prevention of CVD are similar to those previously reported
for coronary disease alone.33-35 When comparing the forecasted changes in life expectancy, high-risk patients generally benefit more than low-risk patients, the young more
than the elderly, and men more than women. The actual
estimates published herein are also similar to previously published estimates of primary prevention using
coronary risk models based on data from the Framingham Heart Study. For instance, Tsevat et al35 estimated
that reducing the risk of coronary disease through the
control of hypertension (diastolic blood pressure, ,94
mm Hg) would increase life expectancy by 1.0 to 1.2 years
for men and 0.6 to 1.2 years for women aged 35 years.
Using somewhat similar assumptions, we estimate that
after a reduction in the risk of coronary disease and stroke,
life expectancy will be increased 0.85 to 1.19 years for
men and 0.59 to 1.34 years for women aged 40 years.
When forecasting the benefits of modification of lipid
levels, the CVD life expectancy model focuses on changes
in the LDL/HDL cholesterol ratio. In a previously published model based on data from the Framingham Heart
Study, Hamilton et al11 estimated that a 17% reduction
in total cholesterol levels and a 7% increase in HDL cholesterol levels after use of lovastatin, 20 mg, would re-
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sult in an increased life expectancy for adults aged 30 to
70 years of 0.23 to 2.03 years for men and 0.37 to 1.10
years for women free of disease. This earlier model focused only on the reduction of risk of coronary disease.
If the impact of blood lipid levels on the risk of stroke is
ignored, the current model estimates range from 0.39 to
3.96 years for men and 0.21 to 2.62 years for women when
more intensive therapy with simvastatin is considered (total cholesterol and LDL cholesterol levels reduced 25%
and 35%, respectively, and HDL cholesterol levels increased 8%).
Moreover, this model can be used to estimate the
recently recognized impact of modification of lipid levels on the risk of stroke, which may be particularly relevant for the use of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors in both primary and
secondary prevention.36 Including the lipid impact on the
risk of stroke with simvastatin therapy, we estimate
changes in life expectancy between 0.43 to 4.74 years for
men and 0.25 to 3.76 years for women.
The CVD life expectancy model confirms the importance of targeting high-risk patients for primary prevention of CVD. In the absence of symptomatic CVD, the
impact of treating hyperlipidemia or hypertension will
be greatest for those with other risk factors. Low-risk patients may never develop the disease despite the presence of hypertension or hyperlipidemia; therefore, the
benefits of long-term therapy will be less, on average, for
low-risk patients.
With increasing age, the benefits of therapy decline even if the relative risk associated with a risk factor remains stable across all age groups. This reflects the
attenuated life expectancy of the elderly, therefore reducing the benefits of therapy. An elderly patient who
has not yet developed symptomatic CVD may benefit little
from risk factor modification even in the presence of 1
or more risk factors. While we do not advocate denying
treatment or stopping treatment among older patients,
this observation must be incorporated into the decision
making between patients and physicians when a
specific risk factor is diagnosed for primary
prevention.30,37,38
Among patients with CVD, it is essential to identify all the modifiable risk factors that might be responsible for the development of disease. However, the results of these simulations suggest that the potential benefits
of treating hyperlipidemia or hypertension are relatively consistent among patients with CVD regardless of
the other risk factors present. The benefits are also generally greater among those with CVD than those without CVD, further underscoring the importance of risk factor management among those with symptomatic disease.
This is particularly relevant among the elderly where the
forecasted benefits of treatment are substantially greater
among those with disease, thereby expanding the therapeutic window for intervention.
The primary and secondary prevention of CVD represents a potentially enormous effort for health care providers and a significant economic burden for health care
payers. However, the increase in the forcasted life expectancy with interventions to treat hyperlipidemia or
hypertension may be substantial, particularly when the

combined benefits on fatal cerebrovascular and coronary events are considered together. Increasingly constrained health care resources demand that costeffective risk factor modification be targeted toward those
patients who are most likely to benefit substantially.30 Accordingly, these results suggest that we must recognize
the unique objectives of primary and secondary prevention interventions as well as the different anticipated benefits of the patients who will receive them.
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Correction
Spelling Error in Figure. In the article titled “Homocyst(e)ine and Coronary
Artery Disease,” published in the November 10, 1997, issue of the ARCHIVES
(Arch Intern Med. 1997;157:2299-2308), “Cystine” in Figure 1 on page 2300
should read “Cysteine.”
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Correction
Error in Figure Legends. In the original investigation titled “Estimating the
Benefits of Modifying Risk Factors of Cardiovascular Disease,” published in the
March 23 issue of the ARCHIVES (1998;158:655-662), the legends for Figure 2
and Figure 3 were accidentally reversed during processing for publication. The
journal apologizes for the error.
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