Bopriniad from JAMA B The dournal of the Amarican Medical Assaciation

Apid 5, 1935 Volume 273
Copwright 1885, Amearican Medical Association

The Cost-effectiveness

of HMG-CoA Reductase Inhibitors
to Prevent Coronary Heart Disease

Estimating the Benefits of Increasing HDL-C

Vivian H. Hamilton, PhD; Francois-Eric Racicot, MSc; Hanna Zowall, MA; Louis Coupal, MSc;

Steven A. Grover, MD, MPA, FRCPC

Objective.—To evaluate the lifetime cost-effectiveness of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors for treatment of high
blood cholesterol fevels.

Besign.—We added cost data to a validated coronary heart disease (CHD}
prevention computer model that estimates the benefits of lifelong risk factor modii-
fication. The updated model takes into account the costs of cholesterol reduction,
the savings in CHD health care costs attributable to intervention, the additional
non-CHD costs resulting from patients’ living longer, and the beneficial effects of
reducing CHD risk by reducing total cholesterol and increasing high-density lipo-
protein cholestercl {HDL-C).

Patients.—Men and women aged 30 to 70 years who were free of CHD, had to-
tal cholesteral levels equal to the 90th percentile of the US distribution in their age
and sex group, had HDL-C levels equal to the mean of the US distribution in their
age and sex group, and were either with or without additional CHD risk factors.

Intervention.—Use of 20 mg of lovastatin per day, which on average reduces
total serum cholesterol by 17 and increases HDL-C by 7%.

Main Qutcome Measures.—Cost per year of life saved after discounting ben-
efits and costs by 5% annually.

Results.—The increase in HDL-C associated with lovastatin lowered cost-
effectiveness ratios by approximately 40%, such that the treatment of hypercholes-
terolemia was relatively cost-effective for men (as low as $20882 per year of life
saved at age 50 years) and women ($36 627 per year of life saved at age 60 years)
with additional risk factors. Non-CHD costs resuiting from longer life expectancy after
intervention added at most 23% t¢ the cost-effectiveness ratics for patients who be-
gan treatment at age 70 years, and as little as 3% for patients at age 30 years.

Conclusion.—The cost-effectiveness of HMG-CoA reductase inhibitors varied
widely by age and sex and was sensitive to the presence of non-lipid CHD risk fac-
tors. The additional non-CHD costs due to increased life expectancy may be sig-
nificant for the elderly. Accounting for the drug effects of raising HDL-C levels in-
creased the proportion of the population for which medication treatment was

relatively cost-effective. _ _
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DURING the 1980s, consensus guidelines
recommended nationwide sereening Lo de-
tect and treat hypercholesterolemia for
the primary prevention of coronary heart
disease (CHD). Specifically, the guide-
lines turgeted high-rigk individuals for
dietary intervention and/or drug therapy.
Becanse the consensus guidelines were
constructed with little consideration for

their cost implications, there soon followed
a number of studies evaluating the cost-
effectiveness of various drugs in redue-
ing total serum cholesterol.

Some of these studies limited their
measure of cost-cffectiveness Lo cost per
pereentage reduclion in serum choles-
terol.! This restricted the ability to com-
pare the results with a wide range of
interventions, which generally report
cost-effectiveness in terms of cost per
vear of life saved. Other studies reported
cost-effectiveness in terms of cost per
vear of life saved, but did not report
cost-effecliveness estimates across the
range of gignificant risk factors such as
age, sex, and presence or absence of
cigarette smoking and high blood pres-
surc.* Goldman ct al* estimated the cost-
effecliveness of 3-hydroxy-3-methylgln-
taryl coenzyme A (HMG-CoA) reduc-
tase inhibitors for a range of risk factors
and found that primary prevention was
attractive only for certain subgroups,

While previous cost-effectiveness an-
alyses have accounted for the beneficial
effect of drug therapy in reducing total
gerum cholesterol, Lhese studies have
not included the supplemental effeet that
some drugs ean have in inereasing high-
density lipoprotein cholesterol (HDL-
C) levels. This would be expecled to
further decrease CHD and increase life
expectancy. In addition, only one pre-
vious study included the impact of ex-
pected increases in non-CHD health care
expenditures incurred during years of
life gained attributable to therapy in
their cost-effectiveness caleulations.?
However, these costs were assumed to
be constant across age groups.

Inthis study, we evaluated the lifetime
cost-effectiveness of a common HMG-CoA
reductase inhibitor (lovastatin} for treat-
ment of high blood cholesterol levels, We
added cost data Lo a validated CHI} pre-
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vention computer model that estimates
the henefils of lifelong risk factor modi-
fication. The updated model takes into
account the costs of intervention, savings
in CHD health care costs attributable to
intervention, the additional age-specifie
non-CHD eosts resulting Mrom patients’
living longer after intervention, and the
beneficial effects of increasing HDI-C
attributable to these drugs.

METHODS
Calculation of Cost-effectiveness

We caleulated the cost-effectiveness
of intervention from a societal perspec-
tive and evaluated the net social costs of
drug therapy (in 1992-1993 Canadiun dol-
lars) against its net effectiveness, mea-
sured in Llerms of additional years of life
expectancy. Our estimates are expected
values, reflecting the average experi-
cnee of all persons with elevated levels
of cholesterol and not just those who
develop CHI, .

We calcniated cost-effectivencss usthe
ratio of the net change in medical care
costs to the net inerease in {ife expect-
ancy® as Tollows:

(ACERx—ACCHD+ACNonCHDYALE

where ACRx is the expected lifetime
cosl ol a given regimen of drug therapy;
ACCHD, the expected savings In life-
time medical care costs as a resull of
reducing CHD events; ACNonCHD, the
expected cost of treating non-CHD dis-
eases during the years of additional life
gained by treatment; and ATE, the in-
creage in life expectaney that results
from adherence to the specified regi-
men of drug therapy. We discounted all
future treatment costs and changes in
life expectancy at an annnal rate of 5%.

Lifetime Cost of Drug Therapy

We used lovastatin as an example of
an HMG-CoA reductase inhibitor be-
cause it is the most commonly preseribed
drug in this category and there is sub-
stantial literature on its clinical effec-
tiveness, The retail cost of lovastatin
was estimated at $2.16 per 20-mg pill
based on a telephone survey of 12 Mon-
treal-area pharmacies on December 9,
1993. We thus estimated annual drug
costs of $789 for a regimen of 20 mg of
lovastatin per day.

We estimated that treatment with lo-
vastatin in the first year would also re-
quire on average four physician visits
{$25.20 per visit), four blood test sample
collections ($4.81 per sample), four lipid
profiles ($19.26 per profile), and four bio-
chemical profiles (sequential multiple
analyzer computer profileg, $5.82 per
profile). The estimated costs of physi-
cian visits were based on an average of
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Table 1. —Serum Cholesterol Levels by Age and Sex®

90th Percentile

Total Serum Cholesterol,

mmolfL {mg/dl}

r

Mean HDL-C, mmoifL {mg/fdl)
I !

Age, ¥ Men Women Men Women
25-34 5.6 {254) 6.3 {243} 1.2 145.0) 1.4 {52.5)
35-44 7.1{275) 6.7 {260) 1.1 (44.2) 1.4 (52.7)
45-54 7.3{283) 7.5 {290) 1.1 (44,13 1.4 {55.1)
55-64 7.4 (288) 8.1{314) 1.2 [46.0) 1.4 (55.9)
§5-74 7.2 {2 8.0 (308} 1.2 (4573 1.4 {53.2)

*Derived from the secomd National Health and Mubition Examination Survey.® HDL-C indicates high-density

lipoprotein cholesterol.

nepotiated reimbursement fees for these
gervices in Ontario and Quehecin 1992,%5
The cost of laboratory tests was based
onthe average of fully allocated hospital
unit laboratory costs at the Montreal
General Hospital and fahoratory reim-
hursements in Ontario. Following the
first year of treatment, individuals were
assumed to eontinune (until death) on a
regimen of 20 mg of lovastatin per day
and to vequire two physician visits, two
blood test sample collections, two lipid
profiles, and two sequential multiple ana-
lyzer computer profiles per year at the
same unit prices specified in year 1. The
sum of thege costs was estimated to be
81009 in the initial year, and $399 per
year thereafter.

Intervention Group
and Predicted Lipid Modification

Our intervention group consisted of
men and women aged 30 to 70 years who
were free of CHD, had total serum cho-
lesterol levels equal to the 90th percen-
tile of the US distribution in their age
and sex group, and had HDTL-C levels
equal to the mean of the US distribution
in their age and gex group. Information
on these lipid levels was derived from
the second US National Health and Nu-
trition Examination Survey! (Table 1),
For each age and sex group, we also
contrasted the effects of lovastatin
therapy for high-risk individuals (ie,
smokers with diastolic blood pressure of
100 mm Hg) vs low-risk persons (ie, non-
smokers with diastolic blood pressure of
80 mm Hyg).

We used results from the Expanded
Clinical Evaluation of Lovastatin
(EXCEL) study to prediet the effects of
a regimen of 20 mg of lovagtatin per day
on lipid levels." The EXCEL study en-
rolied patients with moderate hypercho-
lesterolemia (mean cholesterol, 6.67
mmol/L. [258 mg/dL], HDL-C, 1.16
mmol/L [45 mg/dL}) and found that af-
ler a 48-week treatment period with 20
mg of lovastatin per day, patients’ total
serum cholesterol declined an average
of 17% and HDL-C increased an aver-
ape of T%. We assumed that the effec-
tiveness of lovastatinis the same as that
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abserved in EXCET and that the ben-
cfits do not wane over time.

The CHD Prevention Model

Lstimates of increased life expectancy
duc to cholesterol modification were de-
rived using the CHIDY prevention model, !
The CHD prevention model caleulates
the annual probahilily of dying from
CHD or other causes and the annual
risk of CHD events (with and without
intervention) for an individual free of
symptomatic CHI at entry into the
model. The annual risk of developing a
specific CHIY end point wag based on
data published by the Framingham
Heart Study'? and is a funetion of a pa-
tient’s age, sex, diastolic blood pressure,
total serum cholesterol level, HDL.-C
level, the presence of left ventricular
hypertrophy (yes or no), the presence of
glucose intolerance {yes or no), and
smoking status (yes or no). The rigk of
all-canze death was based on the 1986
Canadian Life Tables published by Sta-
tistics Canada'® after adjustment for the
level of diastolic bload pressure and the
presence of ciparette smoldng and dia-
betes. Non-CHD death was caleulated
asthe difference between all-cause mor-
tality and CHD mortality.

The rigk of secondary CHD events
was hased on the logistic equations for
primary eventg after ad justment for the
presence of CHD.Y The increased rigk
of dying during the 12 months following
anonfatal myoecardial infurction was also
estimated from Framingham data.

The submodels were then integrated
into the CHD prevention model in which
all individuals entering the model are as-
sumed Lo be (ree of CHD at time 0. Fach
vear, a number of individuals are pre-
dicted to die of CHD or other (nen-CED)
canzes. The risk of nonfatal CHD events,
such as myocardial infarction, angina pee-
torts, or coronary insullicieney, is also
computed, and these individuals are then
moved from the primary coronary model
1o the secondary coronary model. At the
end of each vear, the number of remain-
ing individuals at visk for primary CHD
is caleulated as those at the beginning of
the year minus those who had died and/
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or developed CHD. This model has heen
validated by accurately predicting the
results of elinieal trials.

The model has also been updated 1o
allow lor the progression of CHD in in-
dividuals whe experience a primary non-
futal CHD event. Forexample, the model
now allows for the probabilily of expe-
riencing a myoeardial infaretion follow-
ing the development of angina or coro-
nary ingufficiency, the recwrrence of in-
faretion, oF progression Lo congestive
heart failure following an initial or re-
current myocardial infaretion. Prediction
of primary evenls in the computer model
remaing the same. The updated model
was validated against data lrom three
progpective cinical trials, with ehanges
in predicted total mortality rates of less
than 6% compared with the carlicy model.

By speeifying an individuals induial
and expected lipid levels after interven-
tion ahd holding all other risk factors
constant, the CHD prevention model can
be used to predict the benefilg of cho-
lesterol modification. The annual cumuy-
lative morlality difference among sup-
vivors (wilh and without intervention}
over the total life expectancy represents
the total years of life saved following
intervention. Dividing total vears of life
saved by ihe original number of indi-
viduals at risk at time @ regulls in the
average yvears of life saved perindividual.
All individuals were assumed to be free
of left ventrieular hypertrophy and glu-
cose Intolerance, We also assumed that
the reduction in CHID rigk resulling from
lipid modifieation oecurred after a 2-year
lag, based on the results of elinical trials,

Savings in Medical Care Costs
Attributable to CHD Events
Prevented

For cach individual, the probability of
experiencing an event in each year was
then multiplied hy the corresponding
cost of treatment {based on Canadian
data) to obtain annual expected expen-
ditures of coronary carc with and with-
out intervention, Follow-up medieal
coats were also assigned to years [ol-
lowing the development of CHIY. The
cumulalive difference in diseounted life-
time treatment. coste of coronary events
with and without intervention thus rep-
resgents the savings in medical care costs
attributable to CHD events prevented,

Treatment costs were assigned to each
of the following acute, nonsurgical mani-
festations of CHD: sudden death, falal
myocardial infarction, nonfatal myoear-
dial infarclion {(with and without compli-
cations}, angina or coronary insufficicney,
congestive heart failure, arrhythmia for
patients younger than 70 vears (with and
without complications), and arrhythmia
for patients aged 70 years and older.
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Treatment costs for each medical event
included the costs of hospitalization, phy-
siclans’ fees, and outpatient and emer-
geney services when applicable,

Houspital costs for each medical event
were eslimated by multiplying the av-
erage length of stay in hospital for each
diagmosis® by the average cost per in-
paticnt day in Canada (3434 in 1992) and
the diagnosis related group (DRG) cost
weight, per day for each partieular di-
agnosis. The average cost por inpatient,
day in Canada was derived by multi-
plying the reported Canadian average
total hospital costs per patient-day in
1939 ($463) by the proportion of that
cost related to inpatient eare (80.1%),"
adjusted to 1992 levels using the hos-
pital implicit price index (1.17).

The average length of stay and the
DRG cost weight per day for cach di-
agnosis were derived {rom Hospital
Medical Records Institute of Canada
(HMED data. The DRG cost weights
were developed by HMRI to adjust fig-
ures on daily inpatient costs for the sys-
Lernalie differences in resource utiliza-
tion across diagnoses. HMRT derived
the case weights based on the cost per
case of each diagnosizs as reported in
New York State cost data,

Costs of physician services for emer-
gency, Inpatieni, and outpatient care
were based on reasongble cstimates of
the resources that would be required.
For example, patients with a nonfalal
myocardial infaretion without eomplica-
tions were assumed Lo require one car-
divlogist consultation, one general prac-
Lilioner assessment on admission, and
daily cardiologist and general practition-
er vizits while jn Lhe hospital.

Hospital emergency services were cal-
culated, including transpovtation costs
aned eosts per hour of emergency hog-
pital eare, hased on fully allocated unit
costs at the Montreal General Hospital.
When appropriate, outpatient care for
each coronaty-related procedure was
also caleulated,

Costs of surgieal inpatient cure for pa-
tients experieneing CHIY eventg also in-
cluded probability-woeighted costs of the
following coronary procedures: coronary
artery bypass grafting (with and without
catheterization), angloplagty, coronary
calheterization, pacemaker insertion, and
pacemaker replucement. Unit costs for
surgical procedures were calewlated as
mentioned herein. The probability of un-
dergoing each surgical procedure was
hased on the relative annual incidence of’
surgical procechures in Canada compared
with the number of admissions for acte
myocardial infaretion.®

Finally, oulpaticnt care costs for sur-
vivors of coronary events are included
in the model, with separatle cost esti-

mates for the first yeuar of the event vs
subsequent years, These cosls include
the costs of general praetitioner visits,
specialist consultations, disgnostic tests,
and drugs, based on reasonable esti-
mates of the use of these services,

Additional Non-CHD Costs
Attributable to Increased
Life Expectancy

Counterbalanced against the savings
in medical care costs ativibutable to the
prevention of CHD-related mortality
and morbidity are higher costs of care
for non-CHD diseascs during a patient’s
additional years of expected life. We
computed sex-specific annnal non-CHD
health care costs for each 10-year age
group (from age 25 through 34 vears to
age Th years or more) and multiplied
these figures by the additional years of
life gained for patients undergoing treat-
ment 1o oblain an estimate of lifetime
non-CHI} eosts altributable to lipid
therapy.

Non-Cl1D health care costs per capita
include physician, hospital, and drug
costs, We relied on information from a
number of federal and provincial data
sources to obtain estimates of the non-
CHD costs related to each expenditure
category. For each expenditure cat-
egory, non-CHID costs per capita were
computed by deriving an estimate of
total expenditures by all persons in each
age and sex category, subtracting the
portion of these cosls altributable to
CHD, and dividing this difference by
the iotal population in the particular age
and sex group.

Population estimates by age and sex
were obtained from Statisties Canada.
Estimates of aggregate hospital cxpen-
ditnres were derived by multiplying the
average cost per inpatient day by the
aggregate number of inpalient days re-
porled for cach age and sex group in
19922 Aggregate physician expendi-
tures were oblained by multiplying the
average of per capita physician costs by
age und sex (indexed to 1992 prices) in
Britigh Columbia,”' Saskatchewan (Pa-
trick Melia, Medical Care lnsurance
Branch of Saskatchewan Health, Regina,
Saskatchewan, written communication,
October 1993), and Quebec® by Cana-
dian population figures. Aggregale drug
expenditures were obtained by multi-
plying the average of per capita annual
drug cxpenditures by age and sex in
Ontario and Saskatchewan in 19879 by
the 1992 hospital implicit price index
and Canadian population figures.

Hospital eosts related to CHD cvents
were eslimated by multiplying the num-
ber of medical and surgical hospital ad-
rissions for patients with weute myoear-
dial infarction and other ischemic heart
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disease by their average length of stay in
hospital and average coste per inpatient
day. CHD related physician paymoenlg in
Cunada were derived by multiplying the
ratio of age- and sex-specific CHD-re-
lated physician payments (7{7D-9*' codes
402, 410-414, 426-428) to total physician
payments in Saskatechewan by our esti-
mates of aggregate Canadian physician
expenditures by age and sex described
herein. Aggregate CHD-related drugex-
penditures were derived by multiplying
an estimate of average CHD-related diug
expenditures for persons with CHD by
the estimated number of persons with
CHD in cach age and sex group. The
CHD-related drug expenditures for CHD
patients were estimated by multiplying
unit prices for all CHD-related drugs,
including antihypertensives, vasodilators,
anti-arrhythmics, p-blockers, digitalis,
caleium channel blockers, angiotensin-
converting enzyme inhibitors, cholesterol
reducers, aspirin, and antieoagulants, by
the proportion of CHD patients report-
ing use of these druge as derived from
previously published Canadian stud-
{es.%% The number of persons with CHD
was estimated by multiplying age- and
sex-specific figures on prevalenee of CHD
in Canada® by the population in each
demographic category,

Finally, we checked our caleulations
by using our age- and sex-specifie fig-
ures for CHD and non-CHD costs to
compute population-weighted sums uof
annual expenditures for hospital, phy-
sician, and drug expenditures, These fig-
ures were then compared with Cana-
dian national accounting data. In each
case, we found our weighted sum un-
derestimated aggregate expenditures,
Thus, per capita non-CHD costs loy hos-
pital, physician, and drug expenditures
were adjusted upward aceording to the
estimated underprediction in each par-
ticular expenditure category.

RESULTS
Lifetime Cost of Lipid Therapy

‘Tahle 2 presents estimates of the un-
discounted lifetime costs of lovastatin
therapy. These costs varied substantially
by age at initiation of therapy. The un-
discounted lifetime eost of 20 mg of lo-
vagtatin per day for high-risk men (smok-
ers with diastolie blood pressure of 100
mm Hg) ranged from $34 399 at age 30
years to 38033 al'age 70 years. Lifetime
costs of therapy were slightly greater
for high-risk women, reflecting their
longerlife expectancy. They ranged from
$40 201 if therapy is initiated at age 30
vears to $11 167 if therapy is iniliated at
age 70 years, Lifetime costs of therapy
for low-risk individuals were approxi-
mately $4000 to $660¢ greater than high-
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Table 2. —Lifatime Cost of Lovastatin Therapy at 20 mg/d* (Undiscounted Canadian Dollars)

Age, y
i 1
30 40 50 a0 70
Low-riskt
Men 40967 32917 25170 18228 12008
Woman 46102 374973 30059 22393 15242
High-rigkt
Men 34399 26 428 19123 130858 BO23
Women 4021 32187 24571 17 462 11187

*Lifetimeensts are based on Canadian data sources {see "Methods").
TMonsmokerswith diastolic blood pressure of 80 mm Hg.

TSmokers with diadthir-dlood pressure of 100 mm Hy,

Table 2. —Change in Life Expactancy Attributable ta Lifelong Lovastatin Therapy at 20 mgid* (Undiscounted

Years}
]
Age, y
[ 1
kil 49 50 60 70
Low-riskT
Men 1.38 1.44 1.09 0.60 0.23
Women 0.92 0.89 0.94 0.73 0.42
High-risk}
Men 203 2.04 143 0.70 323
Women 1.03 1.1¢ 1.02 0.75 037

*|ifatime expectancy figures are computed including the beneficial effect of lovastatin on high-density lipoprotein

chalesterol.

tMonsmokars with diastolic bood pressure of 80 mm Hy.

+Smokers with diastolic blood pressure of 100 mm Hg.

risk persons In each age group becausc
of their longer life expectancy.

Change in Life Expectancy
Attributable to Lifelong Lipid Therapy

Table 8 containg estimated changes in
life expectancy (undiscounted) attribut-
able to lifelong therapy for all individu-
als. High-risk men who start therapy at
ages 30, 50, or 70 vears could expect to
gain 2,03, 1.43, or 0.23 years of life, re-
spectively. High-risk women 30, 50, or
70 years of age at inititation of therapy
could expect Lo gain 1.03, 1.02, or 0.37
years of life, respectively. Relative to
high-risk individuals, undiscounted life
expectancy gaing were substuntially
lower for younger low-risk persons (33%
lower for low- vs high-risk men at age 30
yvears), but this disparity disappeared
when therapy was initiated at older ages.
Thisis atiributable to the persistent high
muortality rates for clderly hypertensive
gmokers when only lipids are treated.

Cost-effectiveness of Lovastatin and
the Impact of Non-CHD Costs

The costs and benefits of all cost-ef-
fectiveness ratios were discounted at
5%. Estimates of the cost-effectiveness
of lifelong therapy with 20 mg of lova-
slatin per day are presented in Table 4.
The cost-effectiveness ratios arc pre-
sented with and without non-CHD cosia
incurred during years of life gained af-
Ler therapy for the trealment group. Alt
cost-effectiveness ratios in Table 1 ave
caleulated including the bencficial effects

Cost-effectivenass of HMG-Cod Reductase Inhibitors

of lovastatin on HDL-C.

A comparizon of the cost-effective-
ness calculations with or without non-
CHD costs reveals that the differential
between the two figures lends to in-
erease with age. Al age 30 years, the
eost per year of lile saved 18 5.0% greater
when ineluding non-CHD costs for low-
rigk men ($76 744 vs $73 121) and 3.1%
greater for low-rigk women ($155 891 vs
$151132). For intervention at age 70
years, the cost per year of life saved
ineluding non-CHD  costs iz 11.8%
greater for low-rigk men ($7TH625 vs
$67634) and 17.1% greater for low-risk
women (355579 vs $47 445) Non-CHD
costs display a similar impaet on cost-
effectivencss ratios across age groups
for high-risk persons. Non-CHD costs
have their most sizable ¢ffect on 60-year-
old high-risk men, increasing the cost-
effectiveness ratio by 23.1% {$27 872 vs
$22 642).

The increasing effeet with age of non-
CHD eosts onthe cost-elfectiveness cal-
culations is attributable to the fact that
additional non-CHIY costs are only ac-
crued at the end of life, during the years
of life gained beeause of the interven-
tion. 1f lipid trealment begins at age 30
years, additional non-CHD costs are not
ineurred until well into the future and
are thus heavily dizcounted. Conversely,
if lipid treatment begins at age 704 years,
the non-CHD costs are incurred more
tapidly, and thus have a larger, morc
immediate impact on the net costs of
therapy.
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Table 4 —Cost-effectiveness (Canadian Dollars per Year of Life Saved) of Cholesterol Reduction Using Lovastatin at 20 mgéd {Discounted)®

Without Nan-CHD Costs

With Non-CHD Costs

Age, ¥ Age, ¥y
[ 1 [ ]
30 40 60 70 30 a0 50 60 70
Low-riskt
Men 73121 42 504 35828 41945 67 634 TE6749 45 571 40 436 48214 75625
Wamen 151132 86531 55191 44525 47 445 155 81 91855 61858 51293 55579
High-riskt
Men 33257 19415 1723 22642 42458 35785 22297 20832 27872 50079
Women 101868 57689 37453 30540 35166 105708 61891 42313 36627 43127

*All costs and benefits in the cost-effectiveness ratios are discounted at an annual rate of 5%

heart disease.

FNonsmokers with diastolic blood pressure of 80 mm Hg.

5maokers with diastolic blood pressure of 100 mm Hg.

Cost-effectiveness and
the Beneficial EHfects of HDL-C

In Table H, we compare cost-effective-
ness ratios including and exeluding the
beneficial effects of lovastatin on HDIT.-
C. All cost-effectiveness caleulations in
Table 5 are performed including non-
CHD costs. The cost-effectiveness ratios
including the beneficial effects of HDLL-(
are on average 40% lower than ecost-ef-
fectiveness ratios that exclude HDL-C
effects, For low-risk men at age 50) yeurs,
the costs per year of life saved are 34%
lower whenthe HDT.-C effect is ineluder]
(540436 vz $61077). The cost-cffeetive-
ness ratio ig 41% lower when the HDL-C
cffeet is included for b0-year-old low-rigk
wornen ($61 898 vs $105 111). Similar ef-
feets of including HDI-C in the cost-
effectiveness calculations are obtained for
high-risk persons. This effect of consid-
ering HDL-C on cost-effectiveness ra-
tios inereases with age, reflecting the
strong and persistent impaet of HDL-C
on CHD risk at all ages, while the impact
of totul cholesterol on CHD risk declines
with age.

Using the cost per year of life saved
of renal dialysis a8 an example of a com-
mouly aceepted cost-effective treatment
(540 000 to $45 000 per year of life saved
in 1992 dollars),®# we can evaluate the
cost-effectiveness of treatment with
HMG-CoA reductase inhibitors for spe-
cific subgroups. Based on our cogt-ef-
fectiveness results, which incorporate
the beneficial effect of inerecased HD L-
C, lovastatin appears to be relatively
cost-effective for high-risk men of all
ages ($20 832 to S5007Y) and high-risk
womer aged 50 to TO vears ($36 627 to
$43127). In addition, (reatmoent with lo-
vastatin appears to be relatively cost-
cffective for low-risk men aged 40 to 60
years ($46 571 to $4%214).

COMMENT

We used a CHD prevention computer
model to estimate the cost-effectivencss
of HMG-CoA reductusc inhibitors in the
treatment of high cholesterol levels.
Clearly, the validity of these estimates
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is of paramount eoncern. The CHD pre-
vention model we used iz comparable
with other recently published models in
that the estimated benefits of smoking
cessation, cholesterol reduetion, and
hlood pressure reduetion for men are
similar hetween models.® Moreover, the
CHD prevention model has been vali-
dated by aceuraiely predicting the re-

_sults of three primary prevention elini-

eal trials,”

The benelits of lipid modifieation that
are derived from the model are based on
observational data from the Framing-
ham Study, which finds a negative cor-
relation between HDL-C and CHD risk
in a community pupulation. However,
there has never been along-term elinical
trial specifically aimed at determining
the relative CHD risk reduction associ-
ated with only raising HDL-C, Never-
theless, data from the Helsinki Heaxt
Study™ indieate that inereases in HDL-C
resulting from treatment with gemfibro-
zil are at least as important as reductions
in cholesterol and low-density lipopro-
tein in reducing subsequent incidence of
CHI). Moreover, the CHTY prevention
computer model accurately predicis the
reduction in cardiac events resulting from
gemfibrozil treatment that were observed
in this trial, The computer model pre-
dicts a difference of 12.9 cardiac events
{per 1000 people) between the gemfibro-
zil and placebo groups, while the observed
difference was 14.1 cardiac eventg,"

We find that non-CHD costs add as
little as 8% to the cost-effectiveness ra-
tiog for patients beginning treatment at
age 30 years, but up to 23% for those
starting at age 70 years. It has been
argued that these general future medi-
cal costs should not be ihcluded when
determining the cost-effectiveness of an
intervention for a particular disease be-
cause these costs are not relevant to
deciding whether or not the treatment
in questicn is a good investment.? How-
ever, given that cholesterol-lowering
drugs have the potential of being pre-
seribed ta a large portion of the popu-
lation, it is important to determine the
magnilude of non-CHT) costs relative to

- Cost esfmates are based on Ganadian data sources. CHD indicates coronary

direct CHD costs because they appear
to be significant for specific treatment
2roups.

Because the cost of lovastatin consti-
tutes the largest eomponent of inter-
vention eosts, we assessed the sensitiv-
ity of our results to 10% wvariations in
the cost of this drug. These variations in
drug eosts result in similar changes in
cost per year of life saved {R% to 9%).
Thus, our estimates of cost-effective-
ness are sensitive to changes in the cosl
of medication.

We also recaleulated our results us-
ing discount rates other than 5%. When
eosts and benetits were discounted at a
3% annual rate, costs per year of life
saved declined by approximately 30%
for the youngest patients and 10% for
the oldest. The larger decline in the cost-
effectiveness ratios for younger individu-
als reflects their larger relative gain in
life expectancy resulting from applica-
tion of the lower discount rate to future
life years saved. Conversely, a 7% an-
nuzl rate incrcases cost per year of life
saved hy about 30% for the youngest
individuals and by about 10% for the
oldest. Thus, our results are also sensi-
tive to choice of discount rate,

Although our analysis is based on the
unit prices of medical inputs and medi-
cal practice patterns in Canada, our con-
clusions are generalizable to medical
practice in the United States. Our pri-
mary conclusion is thal accounting for
the inereaging HDL-C effect of HMG-
CoA reductase inhibitors substantially
improves the cost-effectiveness of these
drugs relative to prior estimates that
fail to congider the HDL-C effect. Cur-
rent differences in the absolute costs of
treating CHD in Canada and the United
States will not undermine this conelu-
sion. In addition, our predicled annual
costs of intervention ($1009 Canadian in
vear 1 and $899 per year thereafter) are
similar to the $715 US annual costs (or
3994 Canadian at an exchange rate of
1.39) estimated by Goldman et al* in an
analysis of the eost-effectiveness of 1o-
vastatin based on 1989 US cost data,
However, although previous studies in-
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Table 5.——Cost-effectiveness (Canadian Dollars per Year of Life Saved) of Cholesterol Reduction Using Lovastatin at 20 megyd {Discounted)

Withaut HDL-C Effect

With HDL-C Effect

Age, vy Age, y
T 1 [ 1
a0 40 50 &0 70 20 40 50 B0 FL
Lowe-riskt
Men 106 261 a5101 619077 B& 4994 208 3046 774G 46571 40436 4B214 Thu2h
Women 257170 151758 105111 G4 684 121185 155 891 91 655 61838 51293 55579
High-risk$
Men 47 875 30201 30 366 48533 123561 35785 22257 20882 2TETZ 50079
Wamen 169778 100 238 70694 66874 94618 105708 51891 42313 36627 43127

*al| costs and benefits in the cost-affectivenass ratios are discounted at an annual rate of 5%. Gostestimates are based on Canadian dala sources. HDL-Cindicates hig h-density

lipoprotein sholesteral.

+Mansmokers with diastolic blood pressure of 80 mm Hy.
tSmaokers with diasielic blood pressure of 100 mm Hg.

dicate that ¥isk of CHD mortality is Lhe
same in these two countries, care for
cardiac patients is more aggressive in
the United States.®™ Thug, becanse the
cost savings from avoiding treatment of
CHD events will be greater, the cost
per year of life saved resulting from
intervention in the United Siates may
be even lower.

Therapy with HMG-CoA veductase in-
hibilers is relatively cost-effective com-
pared with other lipid therapics once the
HDT.-C effect is considered. Forinstance,
the HDL-C -adjusted cost-effectivencss
ratios [or high-risk men aged 30 to 70
yoears ($20882 to $50079) compare fa-
vorably with cost-effectiveness ratios es-
timated by Kinosian and Eisenherg® for
cholestyramine resin (365 100 per year of
life saved) and colestipol hydrochloride
{$63 900 per vear of life saved) for men
aged 48 years with initial cholesterol
greater than 6.85 mmol/1, (=265 mg/dL)
and 8% smoldng prevalence” Oster and
Epstein® found thal cholestyramine was
relatively cost-effective only for the
youngest high-risk men in their study
(839000 to $45 300 per vear of life saved
for men aged 35 to 49 years with smok-
ing, hypertension, and diabctes as risk
factors). In contrast, the HDHL-C-ad-
justed results imply that lovastatin iz
relatively cost-effeclive for high-risk men
of all ages ($20 882 to $50 079 per year of
life saved), as well as for low-risk men
hetween the ages of 40 and B0 years
($40 436 Lo $48 214 per year of life suved},

In foeusing our analysis on HM(-CoA
reductase inhibitovs, we have not eon-
sidered those lipid modifiers that have
the greatest potential to increase HDL-
3, such ag niaein and fibrates. Our analy-
six demonstrates that accounting for even
2 modest increase in HDL-C substan-
tially lowers the cost-cffectiveness ra-
tios for lovastatin. The same would hold
true for other lipid modificrs, partien-
larly those with greater HDL-C effects.

Our estimates of the cost-effectivencess
of lovastalin tend to display a U-shaped
pattern in relation to age. For cach sex
and risk group, the eost-effecliveness ra-
Liog are higher at age 30 years and age 70
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years than they are at age 50 years, Thig
result is in eontrast to Goldman et al’
who found that usce of Tovastatin for the
primary prevention of CHD leads to cost-
effectiveness ratios that decline sieadily
from ages 35 through 44 vears Lo ages 65
through 74 years. The diserepancy arises
from the addition of a negative choles-
terol-age interaction term in our CHD
Prevention Model bazed on multivariate
Framingham data.! While the model used
by Goldman et. al* amswnes that the risk
reduction associated with decreasing cho-
lesterol is constanl with age, our model
caleulates that the benefits of cholesterol
reduction decline as individuals age.” For
instance, when comparing our non-HDT.-
C-adjusted estimates of the cost-effec-
tiveness of lovastatin for high-risk men
with individuals inthe study by Goldman
et al* (cholesterol between 647 and 7.73
mmaol/L. 1250 and 299 mg/dL|, diastolic
blood pressure 95 to 104 nom Hy, smoker,
and weight. <1110% of ideal), we obtain a
cost-cffectiveness ratio of $30 201 at age
40 years vs the estimate from Goldman
el alt of $220000 al age 35 to 44 years,
and a ratio of $123 561 at age 70 years vs
the estimate from Goldman et al' of
$57 000 at agre 65 to 74 years. At age 60
years, the costs per year of life saved are
comparable across the {wo studies
(%48 5333 in our study vg 853000 in Gold-
man et alt).

Even with inclugion of the HDL-C
effect, the cosl per year of life aaved
with lovastatin is grealer than ealeu-
lated for some other primary interven-
tions toreduce CHD, For instance, brief
advice and counseling by a physician
during a routine office visit about quit-
ting smoking costs from $705 Lo 5988 for
men per year of life saved and from
$1204 to $2058 [or women per year of
life saved, depending on a patient’s age ™
In addition, the cost per year oflife saved
for the antihypertengive drug proprano-
1ol hydrochloride in the primury pre-
vention of CHD for persons aged 35
through 64 years in the US population
is estimated to be $10900.*

However, compared with generally
accepted medical therapies such as ve-
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nal dislysiz, treatment with lovastatin
appears to be relatively cost-effective
for high-risk men of all ages, high-risk
women aged 50 to 70 years | and low-
risk men aged 40 to G0 yvears. These
results support recent recommendations
by Hulley et al* thal cholesterol screen-
ing and treatinent is not cost-eflective
for low-visk men younger Lthan 35 years
and low-risk women younger than 4b
FOArE,

On the other hand, Hulley and New-
man® recommend that sercening and
treatment of hypercholesterolemia are
Inappropriate for moxt elderly women
and for persons of both sexes in thelr
late 70z, This recommendation is based
on findings that the association between
total or HDL-C and CHD events is at-
tenuated for older persons®™™ and may
even disappear for persons older than
70 years.” As the results in Table 3
indicale, we estimate a decline in the
benefits of lipid modification for older
individuals. However, intervention for
high-risk individnals in this age group
remains relatively cost-cllective because
thelifetime costs of intervention arc also
lower for thiz age group.

As the costs of health care continue to
riwe, elinicians and policymakers will in-
creasingly look toward prevenlive in-
terventions us a means of Improving
health and restraining heallh eare costs.
Computer simulations of primary inter-
venlions to reduce CHD will assist in
applying resources in a cost-ellective
manner, providing these analyses are
rigorous and validated. Our present re-
sults demonstrate thal using HMG-Co A
reductase inhibilors may be relatively
cost-etfective fur specifie groups o[ North
American adunlts. lurther analyses
should eonsidler the posgible adverse eon-
sequences of treatment, the indireet sav-
ings associated with work-related pro-
ductivity gains, and the quality of life
benefils associated with delaying the
morhidity of CHD,
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