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ABSTRACT

Cost-effectiveness analysis, an analytic tool that expresses as a ratio the cost
of obtaining an additional unit of health outcome, can help decision makers
achieve more health protection for the same or less cost. We characterize the
state of the cost-effectiveness analysis literature by reviewing how thistechnique
is applied to various clinical and public health interventions. We describe the
results of cost-effectiveness analyses for over 40 interventions to reduce cance,
heart disease, trauma, and infectious disease. The cost-€effectiveness ratios for
these interventions vary enormously, from interventions that save money to those
that cost more than $1 million per year of life gained. The methods used to
derive the cost-effectiveness ratios also vary considerably, and we summarize
this variation within each health area. Greater uniformity of analytical practice
will be necessary if cost-effectiveness analysis is to become a more influential
tool in debates about resource allocation.
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copyright covering this paper.
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Introduction

As pressures to control spending in the health sector accelerate, thereis aneed
for the implementation of efficient therapeutic and preventive interventions.
The trend toward managed care, for example, has caused an increased degree
of scrutiny of the costs and effectiveness of surgical and pharmacologic in-
terventions. Efforts at regulatory reform are also causing public health and
environmental agencies to reevaluate whether the effectiveness of existing and
proposed policiesjustifies anticipated costs. Thus, decision makers throughout
the health sector of the economy are looking for insight into how to weigh the
competing demands for reduced cost and enhanced effectiveness.

Cost-effectiveness analysis (CEA) is an analytic tool that can be used to
evaluate the outcomes and costs of interventions designed to improve health.
Unlike cost-benefit analysis, which seeks to express effectiveness as well as
cost in acommon unit (i.e. money), CEA providesratios that show the cost (in
monetary terms) of achieving one unit of health outcome (75). The measures of
health outcomes most commonly employed are the number of lives, life-years
(LYs), disahility-adjusted life-years (DALY's), and quality-adjusted life-years
(QALYs) gained. When interventions can vary in intensity (e.g. dosage) or
periodicity (e.g. frequency), incremental cost-effectiveness (C/E) ratiosare cal-
culated, so that the ratio expresses the additional cost per each additional unit of
outcome obtained. Interventions can be ranked according to their (incremen-
tal) cost-effectivenessratios and afixed budget can then be allocated to achieve
maximum effectiveness.

In this article, we characterize the state of the CEA literature by reviewing
how this analytic tool is applied to various clinical and public health interven-
tions. We also report cost-effectiveness (C/E) ratios for selected interventions.
Thearticlefocuseson specificinterventionsaimed at four important health prob-
lemsinthe United States: cancer, heart disease, trauma, and infectious disease.
We chose these four health problems because they constitute the leading causes
of death for the population. Annually, they account for more than 1.2 million
deaths (9, 10) and 7 million hospital admissionsin the United States (68).

Although we acknowledge the considerable contribution of theinternational
CEA literature, werestricted our review to domestic analyses. Only studiesthat
used lives saved, LY's, or QALY's as the health outcome were considered for
review, although werecognizethat studies using other measures of effectiveness
can aso provide useful information to policy makers. Where possible, we
included examples of primary, secondary, and tertiary prevention measures.
Our sel ected analyseswereidentified from one or moreof thefollowing sources:
Medline, Current Contentsand CancerL it for theyears 1990-1996, the Harvard
Center for Risk Analysis Life-Saving Database (63), and recent government
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publications. We believe that the convenience sample presented here captures
the current analytical practicesin academia, government, and private industry.

In our review, we gave special attention to the nature of the intervention, the
intervention against which it was being compared (i.e. the comparator), the
population affected by the intervention (i.e. the target population), the health
outcome used, the analytical assumptions (e.g. perspective, costs considered,
discount rate), and the C/E ratios. We have summarized this review in four
tablesthat describe the interventions, comparators, target populations, and C/E
ratios for each analysis. We do not assess the overall quality of these studies
(or the quality of the underlying data on effectiveness and cost) since this
task is beyond the scope of this short survey. We evaluated the degree of
consistency in the analytical practices among these studies, since the Panel
on Cost-Effectiveness and Medicine (a group of experts commissioned by the
US Public Health Service) has recently recommended more uniformity in the
conduct of CEA in medicine and public health (23, 73).

For some interventions we recomputed the C/E ratios to improve the com-
parability among studies. Our recomputed C/E ratios included (depending on
data availability): (a) updating the coststo 1995 US dollars using the al-items
component of the Consumer Price Index (67); (b) discounting both future costs
and health benefits by 3%; (c) computing LY's using the age distribution of
the population affected by the condition and the US life expectancy tables
(70); (d) computing QALY s using either quality weights as described in the
Beaver Dam Health Outcomes Study (22) or the quality weights described in
the Functional Capacity Index (42); (€) incorporating the morbidity benefits of
theinterventions; and (f) incorporating costs that had not been included in the
original papers. Throughout the paper, costs and C/E ratios are presented in
1995 USdollars (unless otherwise noted) and have been rounded to two or three
significant figures. The specific changesrelevant to each of the recomputed C/E
ratios are noted in the following sections.

Cancer

We reviewed analyses of 12 cancer interventions including three primary, five
secondary, and four treatment interventions. The primary prevention studies
were the US Food and Drug Administration’s (FDA) analysis of the costs and
benefits of regulationsto restrict cigarette salesto minors (69); an assessment of
the cost-effectiveness of initiativesto reduce exposure to indoor radon (43); and
an analysis of the costs and effects of reducing exposuresto methylene chloride
in the workplace (71). The secondary prevention studies included analyses of
Pap smears for women aged 20 to 75 (15), Pap smears for women older than
65 (18), annual fecal occult blood tests (FOBT) to screen for colorectal cancer
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(16), annual mammography for women aged 55 to 65 (14,41), and annual
mammography for women aged 40 to 50 (14). The treatment interventions
included treatment strategies for breast cancer (28, 60), metastatic non-small
cell lung cancer (59), and chronic lymphocytic leukemia(72). A more detailed
description of each study follows.

The FDA analysisof the cost-effectiveness of therestriction of cigarette sales
to minors (69) was based on the premise that 25% of potential new smokers
will not begin smoking dueto the new restrictions. The health outcome used in
the study was the number of LY s saved by the intervention. Costs to tobacco
manufacturers, retailers, consumers, and federal agencies were estimated to be
$172 million, implying a C/E ratio of about $840 per LY. Even if the new re-
strictions were assumed to prevent only 10% of potential smokersfrom starting
the habit, the C/E ratio was $2000 per LY.

The CEA of programs to reduce exposure to indoor radon (43) based its
intervention effectiveness on epidemiological studies of lung cancer in occu-
pationally exposed uranium miners. Reducing residential radon levels to 20
pCi/liter or less was estimated to cost $130,000,000 and save 220 lives annu-
aly. Theauthorsdid not discount future health effects nor did they estimatethe
cost per LY saved. By applying a 3% discount rate and converting lives saved
to LYs, we recomputed a C/E ratio of $47,000 per LY. Further adjustment of
the LY sto reflect average health-related quality-of-life (22) yielded a C/E ratio
of $57,000 per QALY.

The costs and benefits of reducing the permissible exposure to methylene
chloride in the workplace were assessed during an Occupational Safety and
Health Administration rulemaking (71). Using data regarding the toxicity of
methylene chloride in rodents, the agency estimated that |owering the exposure
limit from 500 parts per million (ppm) in air to 25 ppm would prevent 31
cancer deaths and three acute toxicity deaths per year. The annualized cost
of implementing the stricter exposure limits was estimated to be $101 million
(1994 dollars). Theauthorsof theanaysisdid not discount future health effects.
Werecalculated a C/E ratio of $160,000 per LY by applying a 3% discount rate
and converting lives saved to life-years saved. Applying quality weights (22)
tothe LY's, we estimated a C/E ratio of $190,000 per QALY.

Eddy’s analysis of breast cancer screening evaluated the effectiveness of
adding annual mammography to annual physical breast exams (14). Two ef-
fectiveness estimates were available: the results of the Health Insurance Plan
of Greater New York Study and the Breast Cancer Detection Demonstration
Project. The C/E ratios depended heavily on the age group screened and the
source of effectiveness estimates. Using results from the Health Insurance
Plan study yielded an incremental cost per LY saved of $200,000 for annua
mammography for women aged 40 to 50 (compared with annual clinical breast
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exam only), whereas using the other effectiveness estimates yielded a C/E ra-
tio of $43,000 per LY for the same age group and program frequency. The
C/E ratioswere more favorable for annual mammaographic screening of women
aged 55 to 65, with ratios of $32,000 and $120,000 per LY from the Breast
Cancer Detection Demonstration Project and the Health Insurance Plan Study,
respectively.

Lindfors& Rosenquist evaluated breast cancer screening using effectiveness
estimates derived from observational datafrom a variety of sources, including
trials conducted in the United Kingdom and Sweden and the Health Insurance
Plan of Greater New York Study (41). The C/E ratios varied depending upon
the frequency of screening and the age group screened. For women aged 50 to
79 the C/E ratio for a program of annual mammography was $31,000 per LY,
and it fell to $19,000 per LY when the program was biennial. The reported C/E
ratio of annual mammaography is less favorable for women aged 40 to 50, with
aratio of $50,000 per LY. Comparisons of these ratios with those reported by
Eddy (14) islimited because the C/E ratiosin the Lindfors & Rosenquist study
were based on a comparison to no screening, whereas those in the Eddy study
were incrementally compared with less frequent screening and clinical exam.
Neither of these two CEAs incorporated quality-of-life in the calculations.

The evaluation of screening tests to detect polyps and invasive cancers used
amathematical model to study the effectiveness of colorectal cancer screening
strategies (16). The analysis compared a program of annual fecal occult blood
testing with a program that combined annual testing plus sigmoidoscopy or
barium enemaat variousfrequencies. Coupling the effectiveness estimateswith
the costs of screening and follow-up procedures, Eddy estimated the C/E ratio
of annual FOBT (compared with no screening) to be $14,000 per LY. The author
did not incorporate quality-of-life adjustments. By applying quality weightsto
the years-of -life saved (22), we estimated a C/E ratio of $18,000 per QALY.

Two studies evaluated cervical cancer screening strategies. The analysis by
Eddy employed a mathematical model using effectiveness data from a variety
of sources (15). He estimated the C/E ratios of screening average-risk women
with Pap smears at variousfrequencies, and hisresults highlight theimportance
of evaluating alternative screening strategies on an incremental basis. Asthe
frequency of screening increases, the C/E ratio becomes remarkably less fa-
vorable: screening women aged 20 to 75 every four years compared with no
screening yielded a C/E ratio of $14,000 per LY; screening every three years
compared with every four yearsyielded a C/E ratio of $260,000 per LY; screen-
ing every two years and annually had incremental C/E ratios of $365,000 and
greater than $1,000,000 per LY, respectively.

In the second study regarding cervical cancer screening, Fahs et al evaluated
the effectiveness of screening in women older than 65 (18). They aso used
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a mathematical model to simulate the screening, diagnosis, and trestment of
a hypothetical cohort of women. Effectiveness data came from a variety of
studies, and the authors noted limitations due to the paucity of data on the
natural history of cervical cancer among el derly women. Fahset al reported both
average andincremental C/E ratiosfor several Pap smear screening frequencies:
one-time screening at age 65, every five years, every three years, and annually.
They found more favorable C/E ratios than Eddy had and the same trend of
increasing C/E ratios as screening frequency increases. Here we summarize
only their incremental C/E ratios. Annual screening of elderly women yielded
aC/E ratio of $51,000 per LY when compared with screening every threeyears.
Using quality weights (22) to incorporate quality-of-life issues, we calculated
aC/E ratio of $62,000 per QALY.

Smith & Hillner evaluated three strategies for treating early stage breast
cancer: tamoxifen alone; standard cyclophosphamide, methotrexate, and flu-
orouracil (CMF) chemotherapy; or tamoxifen and CMF chemotherapy com-
bined (60). They used a decision analysis model to evaluate the survival and
quality-of-life of hypothetical cohorts of women who underwent each treatment
option. The reported C/E ratios varied considerably depending on cancer node
and estrogen receptor (ER) status. The most cost-effective strategy consisted of
tamoxifen therapy for node-positive, ER-positive patients, with a C/E ratio of
$5300 per QALY. The same treatment strategy in node-positive, ER-negative
patients yielded a C/E ratio of $71,000 per QALY.

In a separate study, Hillner et al (28) constructed a similar model to com-
pare standard chemotherapy and high-dose chemotherapy with autologousbone
marrow transplantation for metastatic breast cancer. Effectiveness data were
derived from avariety of sources including uncontrolled case series. The anal-
ysiswas performed both with and without quality-of-life adjustments. Using a
five-year time horizon, the authors found that autologous bone marrow trans-
plantation increased life expectancy by six months compared with standard
chemotherapy, for a C/E ratio of $110,000 per QALY. The authors noted that
the period of timefor which costsand eff ectsare measured (i.e. thetimehorizon)
was critical. The primary analysis evaluated costs and effects for a five-year
time horizon based on the historical use of afive-year time horizon in oncology
studies. In asecondary analysis, the authors used the more optimistic assump-
tionthat all patientsin remission at fiveyearshad anormal life expectancy. With
the longer time frame, the benefits of autologous bone marrow transplantation
tripled, and the C/E ratio dropped to $32,000 per QALY.

Treatment strategies for metastatic non-small cell lung cancer were analyzed
by Smith et al (59). They compared the costs and effectiveness of treatment
with vinorelbine alone, vinorelbine plus cisplatin, and vindesine plus cisplatin.
Their effectiveness data came from arandomized clinical trial. Compared with
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vindesine plus cisplatin, vinorelbine plus cisplatin provided an additional 37
days of survival at a cost of about $1600 per patient, implying a C/E ratio of
$16,000 per LY. Adjusting for quality-of-lifeincreased the C/E ratio to $26,000
per QALY. The authors conclude that, despite chemotherapy’s minimal impact
on long-term survival of lung cancer patients, the C/E of treatment with vi-
norelbine plus cisplatin is within the limits of what is considered a reasonable
societal investment for medical interventions.

Weekset a studied the cost-effectiveness of prophylactically treating chronic
lymphaocytic leukemia patients with intravenous immunoglobulin (72). The au-
thors devel oped a decision analysis model to comparetheir proposed treatment
with no immunoglobulin therapy. Effectiveness estimates were derived from
theresults of arandomized trial. The authors found that prophylactic treatment
with immunoglobulin resulted in an additional 0.0023 years of quality-adjusted
life-expectancy at an additional cost of $14,000 per patient, which implies a
CI/E ratio greater than $7,000,000 per QALY.

Summary information from these cancer studiesis presented in Table 1. The
reported C/E ratios per QALY vary enormously, from less than $1000 (69) to
over $1,000,000 (15, 72). Although it is tempting to make strict comparisons
of the C/E ratiosin Table 1, it isimportant to recognize the differencesin how
these studieswere conducted and the nature of theinformation and assumptions
that were employed.

From a methods perspective, most of the studies appeared to be performed
from a societal standpoint, although few explicitly stated the analytical per-
spective. The number of lives saved was the metric of health outcome used
in most of the primary prevention CEAs (43, 71). The analyses of secondary
prevention measures were more likely to use LY's (14-16, 18), while QALY's
were used in most of the analyses of tertiary measures (28, 60, 72). Quality
weights were more likely to be based on physician (rather than community)
preferences (60, 72) and were not routinely derived from standard gamble or
time-trade-off techniques. Analysis of incremental costs was not performed
uniformly. Discounting of future costs and health benefits was common but
not universal (43, 72). When discounting was performed, a 5% rate was used
most commonly, but a rate of 3% was also employed on occasion. The treat-
ment of uncertainty varied considerably across studies with most including at
least a limited univariate sensitivity analysis with respect to variables such as
the effectiveness in mortality reduction the sensitivity and specificity of the
screening tests, the costs, and the discount rate (if any).

Coronary Heart Disease

For this paper, we reviewed nine studies of coronary heart disease (CHD)
interventions: three primary prevention, two secondary prevention, and four
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treatments of established CHD. The three primary prevention studies involved
strategiesto reduce risk factors: diet modification in the community (66); anti-
hypertensive medication (17); and pharmacological cholesterol lowering (24).
The secondary prevention studies evaluated the cholesterol reduction effect of
statines among patients with established coronary heart disease (24, 35). The
four treatment CEASs evaluated strategies to revascularize patients with estab-
lished CHD: coronary artery bypass grafting (CABG) and percutaneous trans-
luminal coronary angioplasty (PTCA) in patientswith stableangina(29, 77); di-
agnostic coronary angiography in postinfarction patientswith or without symp-
toms (39); and use of two leading thrombolytic agents during acute myocardial
infarction (45).

The cost-effectiveness eval uation of aprogram to modify the diet in the com-
munity (66) used cost and effectiveness datafrom three community-based trials:
the Stanford Three-Community Study, the Stanford Five-City Project, and the
North Karelia Study. Each of these intervention studies evaluated a media-
based educational approach to diet and lifestyle change involving television,
radio, newspaper, and direct face-to-face education. Cholesterol reductions
of 1% to 4% at per capita costs of $4.95 to $16.55 were obtained. Tosteson
et a (66) used these findings as inputs to the CHD Policy Model, a computer-
ized, state-transition model of CHD in the US population (32, 74). The CHD
Policy Model employs|ogistic regression equations linking risk factorsinclud-
ing cholesterol to CHD incidence, based on data from the Framingham Heart
Study and other sources. Using acost of $4.95 per person and a 2% cholesterol
reduction, the resulting C/E ratio was $3400 per LY. Even at a cost of $16.55
per person, a 2% average cholesterol reduction would result in a cost per LY
just over $40,000.

Thisanalysiswas limited because only total cholesterol changes were avail-
able from the source studies. It has been shown recently that diet-mediated
cholesterol changes tend to reduce both serum high-density lipoprotein (HDL)
and low-density lipoprotein (LDL), the effects of which are offsetting. Thusthe
assumption that total cholesterol reductions observed in the community trials
reduced CHD risk as much as predicted by the model could be questioned,
but there is no way to infer the HDL and LDL changes that occurred in these
community trials from the 1970s and early 1980s.

Edelson et a (17) assessed the cost-effectiveness of five drug classes for
blood pressure reduction: adiuretic; abeta-adrenergic blocker; an angiotensin-
converting-enzymeinhibitor; an alpha-adrenergic blocker; and acalcium chan-
nel blocker. Blood pressure reductions and lipid changes attributable to each
monotherapy were evaluated by ameta-analysis of clinical studiesof each drug.
The CHD Policy Model was used to extrapol ate the LY s gained and net costsin
the US population aged 35 to 64. All drugs were compared individually with
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no treatment. Net costs per LY were: $15,000 for the beta-adrenergic blocker;
$22,000 for the diuretic; $43,000 for the calcium channel blocker; $83,000
for the alpha-adrenergic blocker; and $96,500 for the angiotensin-converting-
enzyme inhibitor. Since health-related quality-of-life was not included, the
differential effects of the monotherapies in this regard were not considered.
Nor were the cost offsets due to diseases other than CHD considered, including
stroke and end-stage renal disease.

Goldman et al (24) studied the effects of lovastatin (an HMG CoA reductase
inhibitor) for cholesterol reduction. Their data on cholesterol reduction using
per diem lovastatin doses of 20 mg, 40 mg, and 80 mg were based on clinical
studies, but the link from serum cholesterol to CHD incidence (for primary
prevention) and recurrent CHD event rates (for secondary prevention) were
based on the Framingham Heart Study. Primary prevention was found not
to be very cost-effective, except in population subgroups with two or more
other risk factors (among smoking, hypertension, and overweight). For men
aged 45 to 74, with no prior heart disease, atotal cholesterol of greater than
300 mg/dl, and no other risk factors, the C/E ratio was $71,000 to $135,000
per LY, depending on age. For women with similar characteristics, the ratios
were $84,000 to $390,000 per LY. The ratios were even higher for personswith
serum cholesterol within the range 250 to 299 mg/dl ($105,000 to $270,000 per
LY for men).

Thecost-effectivenessof cholesterol reduction withlovastatin among persons
with prior coronary events was markedly better. In fact, for men aged 45 to
74 who have a serum cholesterol greater than 250 mg/dl and prior CHD, use
of 20 mg/day of lovastatin was found to be cost saving. For women, the C/E
ratio ranged from $9800 to $18,500 per LY. Even with serum cholesterol levels
lower than 250 mg/dl, secondary prevention produces favorable C/E ratios
in both men ($20,000 to $31,000 per LY) and women ($37,000 to $90,000
per LY).

Like the Tosteson et al study (66) of community-based lipid lowering, the
Goldman study used an early version of the CHD Policy Model that did not sep-
arateout HDL and LDL asrisk factors. Nonetheless, their resultswere recently
corroborated by a prospective randomized clinical tria of secondary preven-
tion with simvastatin, a compound similar to lovastatin. In the Scandinavian
Simvastatin Study (35), the C/E ratios ranged from $3800 per LY for 70-year-
old men with cholesterol levels averaging 309 mg/dl, to $27,000 per LY for
35-year-old women with cholesterol levels averaging 213 mg/dl. This latter
analysis also involved modeling of survival and costs after the conclusion of
the trial.

The C/E studies of revascularization for patients with stable anginaincluded
one based solely on modeling from secondary data (77) and one based directly
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onaclinical trial (29). Using decisionanalysiswithaMarkov model, Wong et al
assessed the incremental cost effectiveness of angioplasty (PTCA) compared
with medical therapy and CABG in different patients (77). For one-vessel
disease, Wong estimated that CABG was dominated by PTCA in al groups
considered. The incremental C/E ratio for PTCA compared with no revascu-
larization was $108,000 to $112,000 per QALY in patients with mild angina,
but only $7700 to $10,000 per QALY in patients with severe angina, regardless
of left ventricular function. For two-vessel disease, CABG remained domi-
nated except in patients with both normal left ventricular function and severe
angina, but the incremental C/E ratio compared with PTCA was $450,000 per
QALY. PTCA remained cost-€effective for patients with severe angina, at $9000
to $11,000 per QALY compared with medical therapy. For patients with mild
angina, theincremental C/E ratio for PTCA was $81,000 to $97,000 per QALY.
For three-vessel disease, CABG remained dominated by PTCA for patientswith
depressed |€eft ventricular function, but had incremental C/E ratios of $84,000
to $110,000 per QALY, compared with PTCA, in patients with normal cardiac
function. PTCA had a C/E ratio of $9000 to $14,000 per QALY for patients
with severe angina and $53,000 per QALY for patients with mild angina, al-
though CABG emerges as areasonabl e alternative in the subgroup with normal
cardiac function.

The Bypass Angioplasty Revascularization Investigation followed the Wong
analysis in 1997, and its results were quite different (29). This Investigation
was a randomized experiment comparing PTCA and CABG, on an intention-
to-treat basis, in patients with disease of one or two coronary vessels. The
economic substudy was limited to the follow-up period of thetrial itself (i.e. no
LY swere assumed to be gained after the end of thetrial). Thus, thegainsinlife
expectancy for both PCTA and CABG were probably underestimated. Subject
to this limitation, but with the advantage of primary data from a randomized
trial, Hlatky et al (29) found that CABG was somewhat more expensive and
more effective than PCTA, at an incremental C/E ratio of $26,000 per LY.

Kuntz et a (39), using adecision analysis, assessed the cost-effectiveness of
coronary angiography to identify candidates for revascularization after acute
myocardia infarction (AMI). Data on effectiveness were based on random-
ized trials comparing CABG with medical therapy, since there had been no
completed trials involving PTCA at the time. The C/E ratios varied consider-
ably asafunction of patient characteristics, most notably age, prior myocardial
infarction, and evidence of exercise-inducible postinfarction ischemia. C/E
ratios ranged from $17,500 to $45,000 for patients 45 to 74 years old with prior
AMI and exercise-inducible ischemia. The ratios increased from $63,000 to
$340,000 per QALY for 45 to 74 year-olds with no prior AMI, negative stress
tests, and no post-AMI angina.
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The controversy over which thrombolytic (clot-busting) drug to use within a
few hours after a AMI was hoped to be resolved by the trial conducted by the
Global Utilization of Streptokinase and Tissue Plasminogen Activator (t-PA)
for Occluded Coronary Arteries (GUSTO) group of investigators (45). The
trial did not fully resolve the controversy, but it did provide an important cost-
effectiveness assessment. Costs were obtained during the one-year follow-up
period of the trial, and survival was extrapolated beyond the one-year follow-
up using a model based on the Duke Cardiovascular Disease Database. The
trial demonstrated that t-PA resulted in again of survival and an increased cost
relative to streptokinase, with a C/E ratio of $34,500 per LY. Virtually al of the
incremental cost was dueto the difference between the costs of the drugs ($425,
in favor of streptokinase), with a very small difference between the follow-up
costs.

Table 2 contains a summary of selected items from these studies. The C/E
ratios vary from less than zero (24) to $270,000 (24) per LY and from $7700
(77) to $340,000 (39) per QALY.

From a methods perspective, most of the studies appeared to be performed
from a societal perspective. The number of LY s was the metric of health out-
come used in al the primary and secondary prevention CEAs (17, 24, 29, 66).
The analyses of tertiary prevention measures were more likely to use QALY's
(29, 39, 45). Quality weights were likely to be based on physician or patient
(rather than community) preferences (77). Analysis of incremental costs was
performed properly. Discounting of future costs and health benefits was com-
mon at 5%, except in the study that truncated the analysis after aclinical tria
(29). Asthereview of these studiesindicates, the application of CEA to CHD
interventions is becoming more common, more rigorous, and somewhat more
standardized. |In the future, the estimates reported here need to be updated
based on new cost and effectiveness information.

Trauma

Historically, CEA of trauma prevention (also referred to as injury control)
has been hampered by a paucity of effectiveness, incidence, quality-of-life,
and cost information. Developments in three areas have led to an increased
number of analyses over the past several years. Firgt, studies have enhanced
our understanding of theincidence and costsof injuriesby body region, severity,
and cause (4, 48, 57). Itisnow feasible to estimate resource savings associated
with implementation of injury prevention policies. Secondly, there has been
progressin quantifying the long-term functional limitationsinduced by trauma,
leading to the development of the Functional Capacity Index (FCI) and other
injury scaling systems (42, 61). Although it is still undergoing validation, the
FCI provides preference ratings for various injuries that can be used to derive
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QALYs. Thirdly, aburgeoning literature on the effectiveness of injury control
interventions has accumulated. Although randomized clinical trials are rarely
feasible, a variety of observational approaches are being used. In some areas,
the literature is substantial enough to support initiation of meta-analyses.

We identified severa evaluations of primary, secondary, and tertiary pre-
vention interventions. Examples of primary prevention interventions are the
regulation of motorcycle helmet use (50); the promotion of bicycle helmet use
via legidation, education, and/or subsidization (26, 27, 64); the strengthening
of side door beams in motor vehicles (51); the installation of lap-only beltsin
the rear-center seating position of passenger vehicles (51); the installation of
lap and shoulder beltsin five different seating positions (i.e. driver, front-right,
outboard rear, and center-rear) (25, 51); the installation of airbagsin the driver
and front-right seats (25); the implementation of daytime running lights (76);
the use of child restraint devices (58); and the regulation of speed limits (37).
Additionally, we found several studies that evaluate the ability of hormone re-
placement therapy to reduce the incidence and severity of fractures (19, 36, 65).
Thetwo secondary prevention interventions eval uated the use of diagnostic pro-
cedures for blunt aortic trauma (6, 33). Tertiary prevention interventions that
we reviewed included routine screening for proximal deep venous thrombosis
inacquired braininjury patients (47) and an accelerated rehabilitation program
after proximal femora fracture (8).

Owing to space limitations, we selected for presentation here a subgroup of
13 primary preventioninterventionsfromthe 19interventionslisted above. Two
of theinterventions are aimed at preventing vehicle accidents: speed limitsand
daytime running lights. In his evaluation of the 55-mph speed limit (compared
with a 65-mph limit) on rura interstates, Kamerud (37) reported a C/E ratio
of $2,900,000 per life saved. Costs considered in the analysis include costs of
enforcement, extratravel time, and vehicle wear as well as savings from lower
fuel expenses. We recomputed the ratio using life expectancy dataand quality-
of-life weights (42) and incorporating morbidity reduction. The recomputed
CI/E ratios were $220,000 per LY and $82,000 per QALY.

Williams & Lancaster (76) evaluated the C/E of mandatory use of daytime
running lights (compared with the current nighttime-only requirement). Due
to the extremely low cost of the intervention (less than $3 per car per year in
extra fuel consumption), even small reductions in the number of crashes led
to cost savings (the authors assumed a 10% reduction). When we recomputed
cost per LY as cost per QALY (42), the intervention became even more cost
saving, since the benefits from morbidity reduction were also considered.

The remaining interventions that we reviewed involve reducing the risk of
injury oncethe event that could lead to aninjury hasbeeninitiated (e.g. acrash).
Stronger side-door beams, lap or lap/shoulder belts, airbags, helmets, and child
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restraintsbelong to this category. The strengthening of vehicle side-door beams
to minimize intrusion into the passenger compartment was analyzed in a regu-
latory analysisfrom National Highway Traffic Safety Administration (51). The
fatality reduction effectiveness was estimated to be 18%. The outcomes used
in the analysis were lives and equivaent-lives saved. The reported C/E ratio
was $160,000 per LY. We recomputed the ratio by incorporating the morbidity
and mortality consequencesinto QALY s(42); theresulting cost per QALY was
$53,000.

The costs and effects of seat belts were evaluated in two studies (25, 52).
Due to the different rates of occupancy by seating position, seat-belt effective-
ness varied considerably by seating position (even if the belts were equally
efficacious and costly at each seating position). Both lap-only and a lap and
shoulder belt combination were reported to be cost saving for front-seat occu-
pants (25, 52), even assuming only a 50% usage rate. Beltsin the rear offered
a different result. When lap-only belts were compared with no restraints, a
C/E ratio of $430,000 per LY was derived (52). Incorporating morbidity ben-
efits and quality-of-life weights (42) yielded a recomputed ratio of $270,000
per QALY. The addition of a shoulder belt generated an incremental C/E ratio
of $420,000 per LY (or $160,000 per QALY after our recomputation). These
high C/E ratios were driven by the low occupancy rates and the low seat belt
use among rear seat occupants (a 9% usage rate was used). The C/E ratios
were particularly high when we analyzed the rear-center only belts. Lap-only
belts (when compared with no belts) had a C/E ratio of $1,300,000 per LY and
$830,000 per QALY. Theincremental C/E ratio of adding ashoulder belt to the
lap belt led C/E ratios of $6,000,000 per LY or $2,400,000 per QALY. QALYs
were computed incorporating morbidity reduction and quality-of-life (42). In
the future, the cost-effectivenessratios for safety beltsin the rear seatswill im-
proveif children use the rear seats more frequently and if states adopt primary
enforcement legislation that increasesthe rate of safety belt usein the rear seat.

Airbags offer supplemental restraint in addition to the lap/shoulder belt sys-
temsfor thedriver and front-right passenger. A recent analysisby Grahamet al
(25) that used the recommendations from the US Panel on Cost-Effectiveness
in Health and Medicine (23) reported C/E ratios of $96,000 per LY and $24,000
per QALY for the driver-side airbag, and an incremental $213,000 per LY and
$61,000 per QALY for the front-right airbag (compared with the driver-only
airbag system).

Shew & Dardiseval uated the cost-effectiveness of child restraintsfor acohort
of children aged 0 to 4 years old in 1987 (58). They reported a combined C/E
ratio for infant and toddler restraints. Fatality reduction effectiveness rates of
69% and 47% were assumed for infant and toddler restraints, respectively. The
reported C/E ratio was $33,000 per LY. Due to the long life expectancy of the
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target population, theauthors performed sensitivity analysisof thediscount rate.
Using a 10% discount rate rather than a 5% rate slightly more than doubled the
C/E rétio.

Hatziandreu et al compared the cost and effectiveness of three different
strategies to increase use of bicycle helmets among children: legislation, a
community-wide program, and a school-based program (27). Their outcome
measure was the number of head injuries avoided among children ages 5 to 16.
Using a 85% effectivenessrate in reducing the risk of head injuries, the authors
reported costs per head injury avoided of $37,000, $38,000, and $144,000 for
thelegidlative, community-wide, and school-based programs, respectively. For
the legislative strategy, we recomputed a C/E ratio of $1,000,000 per LY.

Muller calculated the cost and benefits of mandatory use of motorcycle hel-
mets (50) (compared with voluntary use). Using a 40% to 50% increase in
helmet use and effectiveness rates ranging from 67% for mortality reduction
and 7% for moderate injuries (and a 32% increase in minor injuries), the in-
tervention was cost saving, whether including only mortality or both mortality
and morbidity reductions.

Summary information from these studies is presented in Table 3. Readers
are cautioned that the ratios reported in Table 3 are illustrative and should
not be considered definitive. The reported C/E ratios per QALY for these
primary prevention interventions vary from less than $0 (25, 52, 76) to more
than $2,400,000 (52).

From a methods perspective, all of the CEASs reviewed employed a societal
perspective. The effectiveness information was usualy based on real-world
observational information, though engineering judgment was sometimes em-
ployed (51). All but one of the studies (27) used lives saved as the outcome
measure. Additionally, some studies used equival ent-lives saved when analysts
sought to combine information on nonfatal injury with fatality information
(51,52). Thismethod is based primarily on the relative productivity losses as-
sociated with fatalitiesand nonfatal injuries of different levelsof severity. None
of the studies used years-of -life saved or QALY s as an outcome measure. Most
studies excluded intangible costs, which are an important concern about these
mesasures (e.g. it is difficult to quantify in dollar terms the hassle associated
with remembering to wear a safety belt or the discomfort of wearing a helmet
on ahot day). The studiesweretypically careful about performing incremental
analysis (25,50, 52). Discounting of future costs was common, but not the
discounting of future lives saved (50-52). When discounting was performed,
rates between 3% and 10% were used. The treatment of uncertainty varied
considerably across studies, with most including at least aunivariate sensitivity
analysis with respect to variables such as the effectiveness in mortality and
morbidity reduction estimates, the costs, and the discount rate (if any).
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Infectious Diseases

We restricted our review of the infectious disease-related literature to primary
and secondary prevention strategies intended to reduce diseases caused by two
vira infectious agents: the human immunodeficiency virus (HIV), and the he-
patitis B virus (HBV). HIV causes the acquired immunodeficiency syndrome
(AIDS), adisease with high mortality; hepatitis B causes avery severe form of
hepatitis.

Among the hepatitis B—related studies, the primary prevention studies in-
cluded the screening and/or vaccination of persons in different age groups
(5, 38,44), and the screening of blood specimens (see below). Among the
HIV-related studies, the primary prevention studies evaluated behavioral inter-
ventions to prevent HIV transmission (30, 31, 56) and the screening of blood
specimens (see below). The secondary prevention studies eval uated screening
for HIV inacutecaresettings (11, 53, 54); screening for HIV in populationswith
varying prevalence rates (46); and alternative clinical management strategies
for patients already infected (20, 21). Lastly, there were four studies that dealt
simultaneously with the primary prevention of HIV and hepatitis B through the
screening of blood specimens (1-3, 7).

Margoliset a (44) analyzed the prevention of HBV transmission by modeling
animmunization strategy for the 1991 birth cohort. C/E ratioswere assessed for
three age groups: 0 to 12 months (perinatal), 1 to 5 years (infants), and 6 years
and older (adolescents). Adopting the societal perspective, the authors found
that immunizing all three target populations was cost saving. When indirect
costs were excluded, the intervention still had relatively attractive C/E ratios:
$2900, $22,000, and $29,500 per LY for the three age groups, respectively.
Using quality-of-life weights (22), we recomputed the cost per QALY saved to
be $3300, $25,000, and $33,000, respectively.

Bloom et a (5) assessed the cost effectiveness of two hepatitis B—prevention
strategies—a screen and vaccinate program and a vaccinate-all program (with-
out prior screening). The researchers concluded that the vaccinate-all strategy
was more cost-effective. The screen and vaccinate strategy, when compared
with no program, led to C/E ratios of $52,000 per LY for ages less than 3
months (newborns) and $340,000 per LY for ages 12 to 50 years (adults). We
recomputed these ratios by incorporating quality-of-life weights (22); the up-
dated costs per QALY were $58,000 for newborns and $420,000 for adults.
The comparison of the vaccinate-all strategy with no program generated C/E
ratios of $47,500, $120,000, and $320,000 for newborns, adolescents (10 years
old), and adults, respectively. Using quality-of-life weights (22), we estimated
CI/E ratios of $52,000, $137,000, and $385,000 per QALY.

Modeling asimilar strategy, Krahn & Detsky (38) assessed the cost-effective-
ness of a universal vaccination program to protect infants from HBV. Their
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analysis incrementally compared a universal screening strategy to a selective
strategy that first screened pregnant women and vaccinated only the infants of
mothers who tested positive. The authors reported an incremental C/E ratio of
$35,000 per LY for the universal strategy compared with the sel ective screening
strategy, and an incremental C/E ratio of $40,000 per LY for the selective
strategy compared with no program.

Differencesin results among these three studies stem from varying methods
and data (5, 38, 44). For example, Margolis and Krahn included direct medi-
cal and nonmedical costs and indirect costs associated with lost productivity,
while Bloom included direct medical costs only. Further, these studies utilized
different base case input valuesin their calculations (e.g. the transmission rate
estimated by Krahn was 38% vs 42% by Margolis).

Several studies evaluated HIV-related primary prevention strategies.
Pinkerton et a (56) based their analysis on a retrospective assessment of a
skills-training (i.e. condom usage) component of a cognitive-behavioral inter-
vention for homosexual and bisexual men. Using an incremental approach, a
group receiving a skillstraining lecture in conjunction with a safer sex lecture
was compared with agroup that received a safer sex lecture only. The baseline
seropreval ence among the group’s sex partnerswas estimated at 15%. A model
was used to translate the observed behavior change into the number of HIV in-
fections averted, and the number of HIV infections averted into the number of
QALYssaved. The skillstraining intervention saved atotal of 21 (discounted)
QALYsaswell as $185,000 in direct medical costs, suggesting that it was cost
saving. In a CEA of abehavioral intervention targeting a comparable popula
tion, Holtgrave & Kelly (31) also concluded that the prevention strategy wascost
saving. Inahigh-risk femalepopul ation with alower seropreval encerateamong
sex partners (3%), another study (30) computed aC/E ratio of $2200 per QALY.

Prevalence of HIV inthe general population influencesthe cost-effectiveness
of screening and treatment interventions. For example, McCarthy et a (46)
model ed the cost-eff ectivenessof anHIV screening program varying preval ence
from alow-risk rate (0.0023% for femal efirst-time blood donors) to ahigh-risk
rate (50% for intravenous drug users). The incremental C/E ratio, compared
with ano screening strategy, was $1,500,000 per LY for thelow-risk population
and $11,000 per LY for the high-risk population.

Secondary prevention aimed at screening and treating health care workers
to prevent occupationa transmission of HIV to patients yielded C/E ratios
greater than $100,000 per QALY. Owenset a (54) found that annual, mandatory
screening of surgeonscostsover $1,000,000 per LY if the prevalence of HIV and
thetransmission rate are estimated at 0.9% and 0.29%, respectively. Mandatory
screening every 10 years resulted in a C/E ratio of $4,100,000 per QALY and
mandatory one-time screening resulted in a C/E ratio of $1,600,000 per QALY
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(54). One study evaluated screening of all health care workersin an acute-care
setting (11). Incorporating direct costs of screening only, they found a C/E
ratio of $490,000 per QALY when the prevalence was estimated at 0.4% and
the transmission rate was estimated at 0.24% (11). Voluntary screening and
counseling for patientsin an acute care setting was al so found to have very high
Cl/Eratios. Withaprevalenceof 1%, the C/E ratiowas$97,000 per QALY if only
the benefitsto the patient screened were considered; if benefitsto the partners of
the patients were included, the C/E ratio decreased to $59,000 per QALY (53).

The quality weights used in the HIV-related studies were derived in a va
riety of ways. Two of the studies (53, 54) used quality weights assessed by
128 physicians and 22 AIDS patients utilizing the time trade-off methodol ogy.
Three studies (30, 31, 56) used quality weights elicited from 31 AIDS patients
using aversion of arating-scale measurement.

The cost-effectivenessliterature on strategies to manage and control HIV has
grown astreatments and therapiesto prevent the onset of AIDSin HIV-infected
persons have become available. Freedberg et al (21) evaluated the impact of
prophylaxisfor first episodes of Pneumocystiscarinii pneumonia(PCP) inHI V-
infected individuals with CD4 counts less than 200/mm? and no prior history
of PCP infection or AIDS diagnosis. Compared with no prophylaxis, treat-
ment with Dapsone followed by Apent yielded a C/E ratio of $16,500 per LY.
When compared with the Dapsone-Apent treatment combination, treatment
with trimethoprim-sulfamethoxazole (TM P-SM X) was | ess effective and more
costly. When compared with the TMP-SM X strategy, Apent followed by Dap-
sone resulted in a cost savings. In AIDS patients who had completed 21 days
of PCP therapy, TMP-SM X had C/E ratios of $350 to $720 per LY, compared
with no prophylaxis (20). Treatment in the same group with Apent was less
effectiveand more costly; therefore, dominated by the TMP-SM X strategy (20).

Four studiesdealt with the prevention of HBV and HIV transmission through
blood donations. (These studies also incorporated the costs and benefits of
detecting hepatitis C virus (HCV), another virusthat produces a serious type of
hepatitis.) C/E ratiosfromthese studiesranged from $180,000 (3) to $8,100,000
per QALY (7). The latter C/E ratio was reported by Busch et a (7), who
adopted a societal perspective for the inclusion of costs in their evaluation of
the alanine aminotransferase (ALT) screening vs the implementation of HCV
screening alone. All four studiesused QALY weightsderived from aconsensus
panel of senior clinicians and medical decision makers using a rating-scale
method.

Summary information from these infectious disease studies is presented in
Table4. Theseinterventions had C/E ratiosranging from lessthan zero (31, 56)
t0 $8,100,000 per QALY (7) and from less than zero (44) to $1,500,000 per LY
(46).
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All of the infectious disease studies reviewed used a 5% rate to discount
future costs and health outcomes in the base case analysis. Two HBV studies
(5, 44) discounted benefits only when LY saved was the outcome measure of
interest. Hard-to-quantify costs, such as overhead expenses, start-up (as op-
posed to operating) costs, and nonmedical costs were often omitted. In the
estimation of health care costs for infectious diseases, afailing of the C/E liter-
ature is the omission of costs associated with chronic sequelae. Further, some
studies use charges rather than costs as the basis for cost estimation, leading to
considerable (yet often subtle) variation across studies. In most cases, it was
not feasible to discern the quality of the effectiveness data used in these CEAS.
The sources of effectiveness data included randomized controlled trials, meta-
analyses of trials, and observational data from ongoing studies. The analytic
treatment of uncertainty varied considerably acrossstudies. Almost every study
performed at least alimited sort of univariate sensitivity analysis with respect
to main uncertain variables such as incidence of disease, disease progression
rates, effectiveness values, and program costs. Severa authors varied al un-
certain parameters using one-way sensitivity analysis (20,21, 31, 53, 54, 56).
Although afew studies conducted multivariate sensitivity analysis (31, 53, 56),
none employed probabilistic or value-of-information methods.

Conclusions

The analytical community is responding to society’s demands for more and
better analyses of the effectiveness and cost of clinical and public health mea-
sures. Although there isincreasing interest in formal cost-benefit analysis of
programs where health effects are valued in monetary terms by willingness-
to-pay (34, 55), the method of CEA appears to be the most popular method of
economic evaluation in the health sector (23). CEA can assist decision makers
in achieving more health protection at less cost than is being accomplished
under current resource allocation strategies.

It is encouraging that some of these interventions, such as the installation
of lap/shoulder belts in the front seats of passenger vehicles (25) and behav-
ioral interventions to increase condom usage in high-risk populations (31, 56),
are cost saving, a fairly rare outcome in CEA studies (63). Most of the
CIE ratios reviewed here clustered in the range of $10,000 to $100,000 per
QALY.

The influence of CEA on resource alocation decisions is most direct when
alternative interventions for a specific health problem are explicitly and rigor-
ously analyzed in a particular study. For example, the analyst may compare
different screening intervals for breast cancer, drug therapies for hypertension,
strategies for increasing bicycle helmet use, or approaches to educate the pop-
ulations at risk for HIV infection. A recent example of a CEA that strongly
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influenced policy decisionsis Lieu et a’s analysis of management and treat-
ment strategies related to the new varicella vaccine (40). At the present time,
CEA s probably exerting most of its influence in these important yet narrow
comparisons of interventions.

Thereisalso interest, however, in broader uses of CEA (12, 62). CEA might
be used to compare diverseinterventionswithin aproblem area(e.g. behavioral
vs technological approaches to trauma prevention) or a particular target popu-
lation (e.g. enhanced child health through toxin control vs trauma prevention).
Should marginal dollars be transferred from cancer to heart disease interven-
tions? In the allocation of limited research funds, marginal dollars could be
transferred from one disease to another or from secondary and tertiary to pri-
mary prevention interventions. These kinds of questions are only beginning
to be asked by decision makers. Managed care may offer enhanced incentives
to consider resource all ocation decisions more broadly at the community (cov-
ered population) level. Moreover, Congress may compel comparative CEA of
agency programs in comprehensive regulatory reform legislation. So-called
league tables of C/E ratios for diverse interventions are often published and
used by advocates interested in supporting or opposing particular reallocations
of resources. Questionshave been raised about the utility of theseleaguetables,
given the current state of the art of CEA (13).

If CEA isto become a more influential tool in debates about broad-based
resource allocation (either within disease categories or throughout the health
sector of the economy), the analytical community needs to achieve more con-
sensus about the methods and conventions employed in CEA. The Panel on
Cost-Effectiveness in Health and Medicine of the US Public Health Service
has recommended a uniform set of analytic practices that should govern Refer-
ence Case analysesin future CEAs. Asthisarticle hasindicated, the analytical
community has aways to go yet to achieve the kind of uniformity in analytical
practice that is necessary to inform decision makers interested in intersectoral
reallocation of limited health resources.

We conclude by emphasizing what is obvious but sometimesforgotten: Cost-
effectivenessisonly one of the considerationsthat should inform all ocations of
limited resources. Other important factors include: notions of justice, equity,
personal freedom, political feasibility, and the constraints of current law. Itis
important for advocates of CEA to recognizethat what they haveto offer should
inform rather than dictate allocation of resources within the health sector of the
economy.
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