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Abstract
Background: Decision makers usually limit their

use of economic evaluations of preventive interven-
tions to the cost-effectiveness ratio.

Objective: To show decision makers how eco-
nomic evaluations can be used to understand the
cost-effectiveness of different options for altering
health intervention strategies. 

Observations: Cost-effectiveness analysis pro-
vides insights into many factors that contribute to
the overall benefits, hazards, and costs of interven-
tions. This article reviews how epidemiologic and
intervention characteristics, costs, natural history,
targeting, and current interventions influence the
value of prevention strategies. 

Conclusion: Understanding the factors that con-
tribute to the overall costs and effectiveness of inter-
ventions should allow decision makers to better
adapt interventions to their needs.

(Am J Managed Care 1999;5:000-000)
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Preventive services often are touted as cost sav-
ing; however, from a societal perspective, rela-
tively few are. With notable exceptions (eg,

many immunizations), most incur a net cost.
However, cost is not the only factor in making an
informed decision. A decision maker should incor-
porate both the cost and the effectiveness (ie, life-
saving potential, improved quality of life) of a service
when considering its adoption and translation into

practice. Preventive services have a wide range of
cost-effectiveness —from cost and life saving to hun-
dreds of thousands of dollars spent for each life-year
saved.1 This range of cost-effectiveness results for
preventive services is affected by certain character-
istics that may not be readily apparent or often con-
sidered by decision makers.

Although the cost-effectiveness of each preventive
strategy should be assessed by using current stan-
dards for economic evaluation,2,3 the factors consid-
ered here should provide insight into how the char-
acteristics of both the disease and the intervention
strategy (eg, selecting the appropriate population)
can contribute to the relative value of the interven-
tion. An understanding of how these characteristics
influence cost-effectiveness may facilitate the target-
ing of a population and structuring of interventions
to provide better value.

Definition of Cost-effectiveness
Cost-effectiveness is calculated as follows: Net

Cost/Health Outcomes Achieved, where net cost =
cost of intervention + cost of side effects of interven-
tion – cost of disease averted – lost productivity costs.

For contemporary cost-effectiveness studies, the
outcome should be measured in terms of health (eg,
quality-adjusted life-years, years of life saved). Costs
include direct medical and nonmedical (eg, time,
transportation, caregiver) costs and, in some situa-
tions, productivity costs.

Characteristics of the Disease
The natural history of the disease or injury often

provides the motivation for developing a prevention
strategy. Diseases that are frequent and have severe,
long-term outcomes are more obvious candidates for
prevention than those that are less frequent, mild,
and short term (Table 1). Thus, prevention of
myocardial infarctions or motor vehicle crashes and
their attendant morbidity and mortality is likely to
be more cost-effective than the prevention of less
serious conditions. 



In addition to the severity of the disease outcome,
the frequency of the disease among those at risk
must be considered. The attributable risk assesses
the amount of a disease or injury that is associated
with a specific risk factor. The higher the attribut-
able risk, the greater the potential reduction in an
adverse health outcome if the risk factor can be
eliminated or reduced. For example, early contra-
ceptives had a very high relative risk for stroke, yet
the actual risk of stroke was very low among young
women taking contraceptives. The risk of pregnancy
was high, and the use of contraceptives dramatical-
ly reduced that risk and the risk of morbidity asso-
ciated with pregnancy. Based on the attributable

risks, the risk of stroke was much smaller than the
risks associated with pregnancy. 

Even when homozygotes can be identified for a
genetic disease, persons apparently at the highest
risk may have modest rates of severe disease. For
example, those who are homozygous for hemochro-
matosis, a well-defined genetic disease, have a less
than 50% probability of having clinically significant
disease.4

People’s preference to delay costs and adverse
outcomes is called time preference. To account for
this preference, most economic evaluations dis-
count future costs and benefits. Thus, interven-
tions that target outcomes in the near term (eg,
influenza vaccination) will be more cost-effective
than those that target outcomes long in the future
(eg, radon screening and mitigation to prevent lung
cancer).

Characteristics of the Intervention
Interventions differ substantially in effectiveness

because of differences in efficacy, the number of
interactions required, and the ease with which the
interventions can be administered and targeted.
The more efficacious the intervention, the higher
the likely payoffs. Many vaccines can reduce the risk
for disease by almost 100%, whereas other interven-
tions are much less efficacious; mammography
reduces breast cancer mortality by less than 30%
even among women 50 to 69 years of age, the group
for whom the benefits have been most clearly estab-
lished.5 Preventive services that can be delivered
fully in a single visit are likely to be more cost-effec-
tive than those that require repeated applications
over extended periods of time. Vaccines can be
administered once, or a few times over a lifetime,
whereas some screening measures for cancer (eg,
mammography, tests for fecal occult blood) require
regular, repeated screening to achieve the full mea-
sure of their benefits. An intervention that can be
administered on a population-wide basis (eg, fluori-
dating water, reducing lead in gasoline) is likely to
be more cost-effective than an intervention admin-
istered on an individual basis (eg, screening children
for blood lead levels and mitigating their homes).
Conversely, those interventions that can be targeted
to a subgroup of the population at particularly high
risk may be more cost-effective than those for
which high-risk groups cannot be identified readily.
A recent study demonstrated that universal infant
screening for sickle cell disease in Alaska would cost
more than $2 million per death averted, whereas
screening targeted to black infants with selective fol-
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Table 1. Attributes of Cost-effective Preventive
Intervention Strategies 

Natural History of the Disease or Injury

Health outcome is frequent 
Health outcome is severe and/or of long duration 
Time interval between the intervention and the 

improvement in the health outcome is short

Characteristics of Intervention

A large proportion of the health outcome is reduced
Service needs to be given once or infrequently
Intervention is given to the population as a whole rather 

than one person at a time
Those at greatest risk are targeted
Intervention is safe
Compliance is high
For screening tests, intervention has high sensitivity 

and specificity

Characteristics of the Population

A high-risk or particularly severely affected target 
population can be identified

Cost of the Disease

The disease is costly to individuals, employers, and 
society

Cost of the Intervention

Cost of the preventive service and program is low 
Cost does not induce other costs

Current Level of Intervention

The current use of the intervention can be significantly
increased.

Oher Considerations
The intervention has secondary benefits



low-up would cost approximately $200,000 per
death averted.6

Interventions also can induce costs (see Cost of
the Intervention, below). Some cause hazards that
might otherwise have been avoided. For example,
although fortifying food with folic acid could reduce
neural tube defects by 50%,7 it could also mask the
diagnosis of vitamin B12 deficiency, particularly
among the elderly and vegans. Many preventive clin-
ical interventions induce significant costs and
require care and follow-up of many people, even
though the disease or injury might occur in only a
small number of persons. The very success of vacci-
nation has reduced the risk of many childhood dis-
eases to the point that measles and polio are rare
events regardless of immunization status. Men who
screen positive for prostate-specific antigen may be
diagnosed with prostate cancer and treated,
although many might never have progressed to clin-
ically important disease. Even population-based
interventions often induce time and other costs for
many persons in the population who would never
incur the disease. School-based education programs
to prevent skin cancer, in addition to potentially
reducing cancer, take time from other activities and
stimulate people to purchase hats and ultraviolet-
protective products.

Interventions for which there is high compliance
(eg, that more than 95% of children are immunized
with required antigens by school entry8) are likely to
be more cost-effective than those for which compli-
ance is low (eg, only 13% of students in grades 9-12
followed recommendations to eat five vegetables per
day9), because fewer resources are required to
ensure adherence. Resources that are required to
improve adherence to regimens also will reduce the
relative cost-effectiveness.

The cost-effectiveness of screening tests is highly
dependent on the sensitivity (the ability of a test to
detect all those with the condition) and specificity
(the ability of a test to correctly identify those with-
out the condition) of the screening test itself. Poor
sensitivity leads to low effectiveness because of fail-
ure to identify those who would benefit from follow-
up, and poor specificity leads to unnecessary follow-
up and testing (induced costs) of those who do not
have the disease.

Screening programs represent a special set of
interventions based on conditions for which there is
a long latency between detectability of disease and
the health outcome, as well as an effective interven-
tion to reduce the risk for or the severity of the dis-
ease. Screening tests that have both high sensitivity

and specificity maximize disease detection and min-
imize induced costs from follow-up of false-positive
results. As the effectiveness of the treatment or inter-
vention improves, the value of screening improves as
well.

Characteristics of the Population
Interventions often are initially targeted to high-

risk or more severely diseased individuals. The mar-
ginal cost-effectiveness of expanding such interven-
tions more broadly may be less attractive because
the costs increase and/or the benefits decrease,
compared with what was observed in the higher risk
group. As the program targets lower risk, less severe-
ly affected individuals, its cost-effectiveness may
decrease. 

Many of the factors discussed here in the context
of the characteristics of the disease or the interven-
tion can be viewed from a population perspective.
For example, from an individual perspective, mam-
mography screening of women with no risk factors
before age 50 will likely benefit a number of women.
Individuals may be quite willing to take the time, pay
the costs, and have the procedures for benign lesions
to potentially reduce their risk of breast cancer mor-
tality. However, from a population perspective, the
overall balance of benefits and harms makes
resource allocation for this intervention less attrac-
tive than it would be for other potential interven-
tions. Thus, the population perspective can be
helpful to guide decision makers in choosing who
to target for a service.

Cost of the Disease
In a cost-effectiveness analysis, the numerator

consists of the net cost of the prevention strategy
and the cost of the disease averted. The cost of the
disease averted usually is based on the direct med-
ical and nonmedical costs, and, sometimes, the pro-
ductivity costs. Thus, conditions that are more cost-
ly and cause loss of time at work or other activity
will be associated with greater cost-effectiveness.
For example, varicella vaccine can reduce the num-
ber of potential cases by 94%; it is cost-saving when
one considers the productivity gained from parents
who do not need to miss work to care for a child with
varicella.10

Cost of the Intervention
The cost of the intervention should be considered

at 2 levels. The first is the cost of the individual-level
services, if any are provided. The individual cost of
advising a patient who smokes to choose a quit date

. . .  COST-EFFECTIVENESS ANALYSIS FOR PREVENTIVE INTERVENTIONS . . .

VOL. 5, NO. 3 THE AMERICAN JOURNAL OF MANAGED CARE 303



is inexpensive, whereas screening of asymptomatic
persons for coronary artery disease may be associ-
ated with prohibitive costs. In the aggregate, howev-
er, the total costs of even relatively inexpensive
interventions can be quite high when individual ser-
vices are summed across an entire population. The
total management and implementation costs for a
program must always be considered. These costs are
frequently underestimated by public health pro-
grams because financial systems do not readily
allow them to capture all program costs (eg, rent,
utilities, personnel time, materials).

Induced costs may be a substantial portion of the
actual cost of interventions. These costs are those
caused by the prevention program that would not
otherwise have been incurred. For example, follow-
up biopsies for women who have false-positive mam-
mograms may represent up to 85% of the cost of
these services. Because these women do not have
breast cancer, many of these costs might never have
been incurred or been incurred much later when a
mass was detected without a population-based
mammography screening program.

Current Level of Intervention
Most economic evaluations are conducted by

comparing an intervention strategy with doing
nothing. Yet in most cases, there is some existing
delivery of the prevention service. A marginal cost-
effectiveness analysis that measures changes in out-
comes against the changes in cost compared with
the existing level of the prevention program pro-
vides better information with which to determine
the value of changing the intensity of a preventive
service. For example, given 95% coverage of vacci-
nation for children at the time of school entry,8

what are the additional costs and additional bene-
fits of achieving 95% coverage by age 2 years? For
many services, the marginal cost-effectiveness may
be poor at low levels of activity because of start-up
costs; then it improves as the services become
more routine and achieve widespread acceptance.
It often is extremely costly to reach the last indi-
viduals because additional outreach, low compli-
ance, and other components tend to reduce the
cost-effectiveness. Thus, the cost-effectiveness of
an intervention is often greatest when its use is low
or modest, and least when its use is extremely
high.

Secondary Benefits
For many interventions, the individual who

receives the preventive service receives most of the

benefits. For some interventions, however, there
may be significant secondary benefits. For infectious
diseases, prevention of exposures and reduction in
cases reduce secondary transmission. For example,
prompt recognition of contaminated food protects
not only the group that has the food but has not con-
sumed it, but also additional persons who might
have purchased contaminated food from the same
source had action not been taken. Vaccinations can
provide herd immunity, thus protecting persons
who never availed themselves of a vaccine. Disease
elimination and eradication programs can provide
benefits indefinitely. For eradication, the benefits
can occur at virtually no subsequent cost. Similarly,
environmental interventions, such as eliminating
lead from gasoline or stopping production of haz-
ardous chemicals, may benefit individuals long in
the future.

Conclusion
The factors discussed here provide key insights to

help decision makers understand the sometimes dis-
parate cost-effectiveness results that are reported
for prevention procedures. 

Cost-effectiveness analysis is a valuable tool for
allocating scarce resources. Recent efforts to make
economic evaluations more comparable will facili-
tate these efforts. 

Cost-effectiveness analyses should not be viewed
as static. Decision makers who understand the
underlying interventions, costs, benefits, and popula-
tions used in a cost-effectiveness analysis can use the
baseline analysis as a springboard for developing and
adapting intervention strategies appropriate to the
populations they serve. For example, the target pop-
ulation might be changed, guidelines might recom-
mend different cut-off points for screening tests to
adjust their sensitivity and specificity, or steps
might be taken to enhance adherence to recommen-
dations.

However, cost-effectiveness is not the sole factor
in making a decision. To make a truly informed deci-
sion, a decision maker must consider not only all of
the issues discussed here, but also issues related to
equity, feasibility, and other social concerns. Cost-
effectiveness measures summarize the epidemiolog-
ic and economic characteristics of a disease or
injury and intervention strategies. An understanding
of the factors that enhance the effectiveness and
reduce the costs of interventions should help us to
design more efficient interventions and to under-
stand the relative cost-effectiveness of those inter-
ventions already in place.
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