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At the close of the 20th century, health care costs
in the United States continued to rise steadily,
accounting for 13.5% of the gross domestic product
in 1998, and debate on health care funding for the
aging American population intensified. In this
environment, preventive services often compete with
one another and with diagnostic- and treatment-
oriented care for increasingly constrained resources.?
While preventive services are often believed to save
costs, delivery of most preventive services, with few
exceptions (eg, some immunizations), incurs net
costs.?

Cost-effectiveness analyses (CEAs) summarize the
expected benefits, harms, and costs of adopting and
translating a clinical recommendation into practice.*
The results of a CEA are typically presented as a
ratio of the net costs to the net health outcomes of
alternative intervention strategies, illustrated in the
formula:

(C1-C2)/(01 -02),

where C represents costs associated with an
intervention, O represents outcomes, and 1 and 2
refer to alternative interventions. Costs associated
with an intervention include the costs of the
intervention itself plus those induced by the
intervention (eg, the costs of treating side effects),
minus the costs averted because of the intervention
(ie, the costs of care for the prevented disease).

Outcomes in CEAs may be measured in different
ways. Frequently, they are measured as life-years
saved (LYS). While this measure accounts for how
an intervention strategy affects mortality, it does not
reflect the quality of life associated with different
health outcomes. To capture the effect that
intervention strategies have on both loss of and
quality of life, the number of years with an illness or
injury can be multiplied by a value weight from 0
(death) to 1 (full health) to generate quality-adjusted
life-years (QALYs).> CEAs that use QALYs in the

denominator of their cost-effectiveness ratios are
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often referred to as cost-utility analyses (CUAs),
because they incorporate people’s preferences, or
utilities, for different states of health, illness, and

injury. In our discussion, we treat CUAs as a subset
of CEAs.

Economic analyses other than CEAs, such as cost-
minimization analyses and cost-benefit analyses
(CBAs), also provide information about the
potential value of health services. CEAs differ from
most of these types of analysis in that they describe
how different strategies for allocating resources affect
health outcomes.” For the current U.S. Preventive
Services Task Force (USPSTF), this focus on health
outcomes reflects an essential element of the
approach to reviewing evidence. CBAs also
incorporate health outcomes, but convert outcomes
into dollars. Because assigning dollar values to
health outcomes is controversial and not frequently
used in U.S. health policy, the USPSTF has chosen
to focus primarily on CEAs.

By quantifying the immediate and downstream
benefits, harms, and costs of interventions, CEA
demonstrates the trade-offs involved in choosing
among different intervention strategies to effect
desired health outcomes. As such, CEAs may
provide valuable information for those designing or
implementing policies about preventive services. In
this paper, we discuss uses of CEA to guide policies
related to clinical preventive services, some of the
limitations in using CEA to inform
recommendations for services, and the approach and

methods the USPSTF is developing to systematically
review CEAs and incorporate cost-effectiveness data
into its process for developing recommendations for
the third edition of the Guide to Clinical Preventive
Services (the Guide).

Potential Uses of CEA in
Informing Preventive Services
Recommendations

Evidence-based recommendations are increasingly
used to help determine which preventive and other
services to include in clinical practice, public health
programs, and benefits packages.®” Most of these
recommendations have not systematically
incorporated evidence related to cost-effectiveness.
CEAs, however, can be used in several ways to
inform and extend clinical service recommendations

(Table 1).

One of the most important and common uses of
CEA is to examine the costs and health benefits
associated with alternative interventions to achieve a
given health outcome. For instance, effective
screening strategies for colorectal cancer include fecal
occult blood testing (FOBT),* sigmoidoscopy,” and
possibly barium enema and colonoscopy.” More
effective screening strategies often cost more than
less effective strategies. Depending on available
resources, some might screen initially with FOBT,
which provides moderate effectiveness at relatively
low cost, while others might choose colonoscopy,

Table 1. Uses of cost-effectiveness analyses in informing evidence-based recommendations

for preventive services

groups

@

Evaluating the potential role of new technologies

a b

(©2}
= =2 = 2

Incorporating preferences for intervention outcomes

1) Quantifying the differences between two or more effective services for the same condition

2) lllustrating the impact of delivering a given intervention at different intervals, different ages, or to different risk

Identifying key conditions that must be met to achieve the intended benefit of an intervention

Developing a ranking of services in order of their costs and expected benefits®

#The current U.S. Preventive Services Task Force will not use cost-effectiveness analyses for this purpose.
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which is more costly but may also be more
effective."* CEA makes explicit the trade-offs

involved in these decisions.

CEAs can also help in selecting the most efficient
application of effective interventions, such as the
intervals between screening tests,''® the ages for
starting or stopping a service,” or the population
subgroup likely to benefit most from a service."
Early detection of cervical neoplasia provides a
pertinent example. In a CEA of cervical cancer
screening, Eddy"'® demonstrated that Pap testing
every 3 years saved 97% of the lives that would be
saved using annual screening and reduced costs by
67%. These results prompted several leading
professional groups to issue a joint statement
changing their recommendations to include triennial
screening as a valid option.” Other CEAs have
noted that screening women aged 65 years or older
who have had limited prior testing or are at high risk
for cervical cancer can save both health care dollars
and lives.” In contrast, screening low-risk women
with a history of regular screening before age 65
years increases the cost-effectiveness ratio more than
ten-fold over results for all women.? These results
suggest that recommendations for screening older
women for cervical cancer should be stratified
according to risk of disease and prior screening
history.

CEAs can also be used to evaluate new
technologies related to prevention. For example,
tests for mutations in the BRCA1 and BRCA2
genes, which confer high lifetime risks of developing
breast and ovarian cancer,” can identify high-risk
individuals, who can then be counseled about
intensive surveillance for early disease detection or
prophylactic surgery.* It is not clear, however, how
such tests should be used in general practice. In this
situation, one can model the costs and health
consequences of using BRCA testing in different
populations and calculate the marginal cost and
effectiveness. For example, one could conduct a
CEA to compare the cost-effectiveness of screening
all women versus screening only those with a strong
family history of breast cancer. The results of such
an analysis could help set policies about who should
receive genetic testing and counseling.

CEAs can also help determine how factors that
are not typically considered in clinical trials of
intervention efficacy might influence the “real
world” effectiveness of a preventive service. For
instance, there is evidence that doxycycline and
azithromycin are equally efficacious in eradicating
genital chlamydia infection in women.* It might
seem reasonable to recommend doxycycline as the
antibiotic of choice, since it is less expensive than
azithromycin. However, when one considers that
azithromycin is given as a single dose and is
therefore associated with higher rates of adherence
than doxycycline, azithromycin may in some settings
improve outcomes compared with doxycycline and
therefore be the more cost-effective choice.””

CEAs—more specifically, CUAs—can also be
used to make explicit the impact of the target
population’s preferences for different health
outcomes. By using QALYs as an outcome measure,
CUAs account for the fact that most people prefer
some states of health and illness to others. These
preferences may need to be considered in deciding
whether or not to implement a given preventive
service. For instance, clinical trials typically report
the effectiveness of tamoxifen in reducing overall
morbidity and mortality as a balance between the
benefits and harms of the drug, but fail to account
for the different values that women place on various
outcomes (eg, breast cancer and endometrial cancer).
In a CUA, the net effectiveness of the intervention is
modeled as a weighted sum of benefits and harms,
where the weights reflect women’s preferences among
these potential outcomes. Such information may be
useful in establishing policies for large populations.

Finally, if CEAs are conducted in a standardized
manner using the same units for measuring
outcomes, preventive services can be ranked in a
“league table,” a listing of interventions in order of
their costs of saving a year of life or QALY.** In a
setting of limited resources, these methods for
prioritizing services could be used as a guide in
providing services for a population to maximize
overall health for a given investment.

Overall, CEAs are a dynamic tool for developing
and adapting effective preventive service
interventions to obtain the best value for the greatest
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number of individuals at risk for poor health
outcomes. However, they also have shortcomings.
In the following section, we present a summary of
limitations associated with using CEAs to inform
evidence-based recommendations.

Limits of Using CEAs to
Inform Preventive Service

Recommendations

Prior USPSTFs and other groups have chosen not
to incorporate cost-effectiveness into their
recommendations for several reasons, including a
historical lack of standardized, high-quality CEAs; a
paucity of CEAs for many preventive services; the
questionable validity of QALYs in capturing
preferences; a lack of transparency in the complex
models used in many analyses; and concerns about
the ethics and politics of rationing,.

Until the last decade, there were few efforts in the
United States to standardize the conduct of CEAs.
As a result, many published analyses would not meet
current criteria for high-quality CEA research.”

Lack of standardization has made it difficult to
compare studies about a specific preventive service or
across different interventions.**' In addition, for
many services there has been a paucity of cost-
effectiveness data, and for some services there are no
economic evaluations at all.

Expanded use of QALYs as an outcome measure
may improve the comparability of CEAs. Current
use of QALYs, however, is limited by the
shortcomings of existing preference measures, many
of which are unvalidated and narrow in focus, not
fully capturing the multifaceted nature of personal
preference. QALYs as a measure are also not
intuitively understood by most clinicians,
policymakers, or patients. Moreover, results from a
CEA using preferences of the general population to
generate QALYs may not always be helpful to
clinicians in their offices caring for individual
patients with specific values that may differ from the
average.

Using CEAs in making health decisions has also
raised ethical concerns. CEAs typically assume that
a year of life saved or a QALY for an infant is equal

to that for a 70-year-old, or that a gain of 1 year for
1 person is the same as a gain of a tenth of a year for
10 people. These assumptions could be considered
the least biased and a protection against
discriminating against any group, but they may also
inadequately reflect societal and individual values.?**

Other ethical concerns relate to the use of CEA to
ration health care services. Implicit in the use of
CEAs in developing clinical recommendations is that
societal health care resources are limited. In some
industrialized countries, this assumption, and the
rationing of health care services, are made explicit.
In the United States, CEAs have only rarely been
used explicitly to set recommendations about
services or funding levels. In the best-known case,
the Oregon Health Services Commission ranked
health care services according to their cost-
effectiveness, in order to expand health care coverage
among low-income populations within the
constrained Medicaid budget.** This approach was
abandoned in the face of public criticism; many
observers argued that rationing is not ethical, and
that individuals should have access to all effective
interventions.** Patients and health professionals
alike expressed concern about the prospect of
potentially valuable services being withheld to save
money. In Oregon, cost-effectiveness was ultimately
used as 1 of several considerations in setting
Medicaid-covered services. The Oregon experience
illustrates that ranking services by their cost-
effectiveness ratios may be a useful but not likely
sufficient process for developing clinical service
priorities. Most observers recognize that while CEAs
are an important decision-making tool, they are not
the only tool, and that many other factors, including
ethical implications, public perceptions, and political
and operational feasibility, need to be considered
when prioritizing health care spending.

The perspective of a CEA—whose costs and
benefits are considered in the analysis—is also
important. A CEA using the societal perspective
ideally incorporates an intervention’s impact, in
terms of costs and outcomes, on all members of
society. If, however, an analysis is conducted from
the perspective of a specific organization, such as a
managed care provider, other costs (eg, out-of-
pocket patient costs and caregiver time) that are not
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relevant from the provider’s perspective are not
considered.* Such an analysis may be useful only to
a select group of decisionmakers. Moreover, because
studies from varying perspectives assess different sets
of costs and outcomes, they are not directly
comparable. The Panel on Cost-Effectiveness in
Health and Medicine’ has recommended that all
CEAs include the societal perspective. One
limitation of this approach, however, is that the
societal perspective may not reflect the specific
concerns of some parties interested in using CEAs,
such as individual practitioners, patients, or health
care organizations. Another limitation is that
enumerating all of the costs society experiences is
often more difficult than quantifying those
experienced by a specific entity, such as a health care
system.

For these and other reasons, the USPSTF has, in
the past, not used CEAs to inform its
recommendations. Over the past several years,
however, the quantity and quality of CEAs have
increased substantially.” Theoretical refinement,
methodological advances, and the development of
standards for reporting and conducting CEAs have
improved their usefulness as decision-making tools.
Moreover, as the cost of health care delivery has
continued to rise, policymakers have found it
increasingly difficult to decide about implementing
clinical services solely on evidence of effectiveness,
without consideration of costs. The current
USPSTF has therefore decided to incorporate
information from CEAs into its process for
developing recommendations. While CEAs may
never be able to address all of the complex issues
involved in deciding how to allocate health care
resources, their ability to quantify the trade-offs
involved in choosing among different alternatives to
improve health make them a valuable source of
information in deciding which clinical preventive
services to select and implement.

The USPSTF Approach

The USPSTF will conduct systematic reviews of
CEAs to inform its recommendation process. These
reviews will not replace the USPSTF’s harms-
benefits analyses and will not be conducted for every

topic, but rather where relevant questions about
cost-effectiveness exist. Most of these questions will
address the trade-offs between 2 or more effective
strategies for achieving a given health outcome; the
cost-effectiveness of applying an intervention at
varying intervals or to different target populations or
risk groups; and the impact of factors such as
adherence that may affect the costs and effectiveness
of a given intervention. Examples of questions for
which a CEA review might be initiated include the
following: What is the cost-effectiveness of
screening average-risk adults aged 20 to 30 years for
dyslipidemia? What is the comparative cost-
effectiveness of universal versus selective screening
for chlamydia infection among women aged younger
than 25 years? What is the impact of varying levels
of adherence on the cost-effectiveness of colorectal
cancer screening using sigmoidoscopy versus
colonoscopy?

The USPSTF has set specific requirements for the
use of CEAs in its reccommendation process. First,
there should be reasonable evidence that the
intervention in question is effective. When definitive
proof of effectiveness is difficult to achieve, the
USPSTF may consider information from CEAs that
make reasonable assumptions about the
intervention’ likely effectiveness. In general,
however, the USPSTF will initiate a CEA review
only for services where evidence of effectiveness
exists.

Second, the USPSTF will use only economic
analyses assessing the costs associated with achieving
health outcomes. The results of studies that examine
only intermediate measures, such as those reporting
costs per patient screened or costs per case detected,
are less interpretable in that the value of what is
achieved for the costs accrued is less clear. These
studies will therefore not be included in USPSTF
CEA reviews.

Third, the USPSTF will focus primarily on CEAs
that are conducted from the societal perspective. It
will also give highest priority to studies in which
valuations of outcomes, or QALYs, are derived from
the perspective of general, rather than selected,
populations.® In this manner, consistent with the

USPSTF perspective, CEAs used in making
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decisions should reflect the public interest, and not
be biased by any group that stands to gain or lose by
the implementation of a particular preventive
service.” Many CEAs include most but not all
relevant costs accrued by society. Costs such as time
and resources expended by patients and caregivers
are frequently omitted. Such studies may
nonetheless provide valuable information and will be
considered. When reviewing these studies, the
USPSTF will consider how including the relevant
societal costs might have affected the studies’ results.

Finally, the USPSTF will not create league tables
to rank preventive services in order of cost-
effectiveness. Although the USPSTF strives to
provide as much information as possible to guide
decisionmakers in their use of preventive services, a
preliminary review of the cost-effectiveness literature
for several preventive services revealed that the
quality and comparability of CEAs across services
were not sufficient to allow direct comparisons and
rankings. As standardization of methods and
comparability of CEAs across preventive, diagnostic,
and therapeutic services improves, future Guides may
include league tables to allow for prioritizing services
based on costs and expected benefits. In the
meantime, Partnership for Prevention, a national
non-profit organization, has developed methods to
estimate the relative value of services recommended
by the previous USPSTF to guide decisionmakers in
prioritizing effective preventive services.”

To sum up, CEAs are valuable decision-making
tools that, when properly applied, can help
maximize efficiency and appropriateness in health
care delivery. The USPSTF recognizes that CEAs
have limitations and that their use in informing
health policies is controversial. It also recognizes,
however, that users of the third Guide, if not
provided with information from CEAs, are still
likely to use economic analyses, potentially in an
unsystematic way. The USPSTF will therefore
attempt to provide unbiased summaries of cost-
effectiveness data where relevant, based on a
systematic approach to, and critical appraisal of, the
literature. In circumstances where information on
cost-effectiveness is unavailable but is felt to be vital
to the shaping of a recommendation, the USPSTF
may conduct an original CEA.

Methods to Review CEAs to
Inform Recommendations for
Preventive Services

Conceptual Approach

Systematically reviewing CEAs shares much in
common with the process for reviewing studies of
intervention effectiveness.”® The goal in both cases is
to identify the best available evidence regarding a
specific question and to critically review and
synthesize that evidence in order to answer the
question in an evidence-based way. However,
reviewing CEAs is also fundamentally different from
reviewing effectiveness studies. For example, in a
systematic review of the effectiveness of a single
intervention, the effect sizes from several clinical
trials, which represent unique samples of data
gathered in a similar fashion, might be pooled in
order to obtain a more accurate estimate of the
intervention’s effectiveness. It is difficult, however,
to combine the results of several CEAs into a single
cost-effectiveness ratio, because they often do not
involve primary data collection and are frequently
based on assumptions and models that vary in a way
that may make combining results from multiple
studies difficult or conceptually unsound. In
addition, while the USPSTF’s systematic reviews of
intervention effectiveness involve developing an
analytic framework of the various components of
effectiveness and critically appraising the literature
related to each component separately,” CEAs
typically use decision analytic modeling to include
all the components of such a framework in a single
study.

Why then, conduct a systematic review of CEAs
rather than identify a single study that addresses the
question at hand? CEAs vary widely in their
methods and assumptions. Because of this variation,
systematically reviewing CEAs provides several
benefits. First, because CEAs draw on a variety of
cost and effectiveness data sources to develop input
parameters, a systematic review can identify which
analyses use the best available evidence for key
inputs and are therefore the most evidence based.
Second, because the credibility of CEAs rests on
their quality, a critical review of CEAs and a rating
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of the quality of each allow for identifying the most
methodologically rigorous studies. Third, a
comprehensive review can identify the studies that
best address the question being asked. Fourth,
comparatively assessing CEAs can help to identify
variables and methods that significantly influence
the estimated benefits and cost-effectiveness of an
intervention. For instance, some CEAs might
assume no harms from a given intervention, while
others might assume that the intervention has
significant harms. Comparing these studies side by
side may provide insight into how the assumption or
lack of assumption of harm affects the estimated
benefit of the intervention. While some
assumptions are varied within a single study using
sensitivity analysis, most CEAs provide a limited
number of sensitivity analyses. Thus, systematically
reviewing CEAs may help identify, through a side-
by-side comparison that amounts to a “virtual
sensitivity analysis,” the impact of different
assumptions on the benefits of a given intervention.
Finally, the more high-quality, independently
conducted CEAs there are for a given intervention,
the more convincing the evidence.

Developing the Instrument and
Process for Abstracting Data

To systematically review CEAs, we first developed
a tool for abstracting relevant information from
individual studies in a standardized way. Through a
literature search and consultation with experts, we
located several existing abstraction tools®?* and
quality-rating criteria.****" We drew on the strengths
of each of these instruments to develop a novel
abstraction tool that met the needs and objectives of
the USPSTE. The tool is largely adapted from the
CEA abstraction instruments developed by the Task
Force on Community Preventive Services” and the
Harvard Center for Risk Analysis.

The USPSTF CEA abstraction instrument, which
we are currently piloting, was designed to (1) ensure
that the CEAs being reviewed are applicable to the
question posed, (2) assess the studies’
methodological rigor, (3) ascertain that their models
contain the appropriate components of effectiveness,
(4) examine the degree to which they use the best
available evidence of effectiveness, (5) evaluate the
validity and impact of their assumptions, and (6)
assess the type and quality of cost information used.

Table 2. Sample quality rating items for cost-effectiveness analyses

Framing

Effects
Are all important drivers of effectiveness included?
Are key harms included?

Are long-term outcomes used?

Costs

Are charges converted to costs appropriately?
Are the best available data used to estimate costs?

Results

Are appropriate sensitivity analyses performed?

Are the interventions and populations compared appropriate?
Is the study conducted from the societal perspective?
Is the time horizon clinically appropriate and relevant to the study question?

Is the best available evidence used to estimate effectiveness?

Do effect measures capture preferences or utilities?

Are all appropriate downstream medical costs included?

Are incremental cost-effectiveness ratios presented?
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Our criteria for rating methodological quality are
based on recommendations from the Panel on Cost-
Effectiveness in Health and Medicine. Sample
quality rating items are listed in Table 2. Because
simple counts of criteria fulfilled do not differentiate
studies of varying quality with great precision, these
criteria will not be used to generate quality scores
but rather as a guide in categorizing study quality as
high, fair, or poor.

Our reviews will focus mainly on high-quality
studies. When few or no high-quality studies exist
for a given question, we will also consider studies
rated fair. Poor-quality studies will not be
considered. Our objective is to present the best
evidence currently available while appropriately
identifying study limitations, because policymakers
are sometimes required to make decisions without
having perfect information.

Process for Reviewing Studies

The process for systematically reviewing CEAs is
similar to that for reviewing studies of effectiveness
(Table 3). As with any systematic review, before
reviewing the evidence, one must define the
question at hand. USPSTF “topic teams™
reviewing the evidence for the effectiveness of
preventive services within specific clinical topics (eg,
screening for hypertension) are asked to identify
relevant questions related to the cost-effectiveness of
services within each topic (Table 1).

Once the question is identified, a comprehensive
search for appropriate CEAs is conducted. Searches
may be limited by year (eg, after 1990), based on
when relevant technologies came into use. Abstracts
identified by the search are screened for inclusion
using three items: (1) Does the study address the
identified question? (2) Is the study an original
CEA? (3) Does the study report results using an
appropriate outcome metric (eg, LYS, QALY, or
cases of illness averted)? If no CEAs exist for a
specific question, we consider reviewing other types
of economic analyses, such as CBAs.

Studies meeting inclusion criteria are abstracted
by at least 2 reviewers. To determine whether the
best available evidence is used in each study, whether
included assumptions are reasonable, and whether
each study appropriately addresses the question at
hand, the CEA review team for each question
includes a member of the topic team reviewing the
effectiveness evidence for that topic.® The data used
in the CEA are compared with the evidence derived
from the systematic review of effectiveness
conducted by the topic team, which serves as the
“gold standard” for whether the best available
evidence was used.

After abstracting studies, reviewers discuss how
studies differ in their assumptions, how varying
assumptions affect study results, and how different
studies may arrive at different conclusions. Finally,
key information addressing the initial question and

Table 3. U.S. Preventive Services Task Force process for conducting a systematic review

of cost-effectiveness analyses

—

Define the question to be addressed.

N

Comprehensively search relevant literature databases.

w

Screen abstracts for inclusion.

N

($)}
= O 2= O

Abstract relevant studies.

)

Synthesize and present results in evidence tables.

Review reference lists and call experts to identify studies not captured by the literature search.

Compare the impact of varying assumptions and resolve differential results across studies through consensus.
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highlighting study quality and the effect of various

assumptions are summarized in evidence tables.

Conclusions

CEA:s are valuable tools for incorporating cost
considerations into evidence-based clinical decisions.
This article has outlined the USPSTF’s strategy to
incorporate information from CEAs into its process
for recommending clinical preventive services.
Through these efforts, we hope not only to provide
guidance about implementing preventive services,
but to identify unmet needs in economic analyses of
preventive health care, illuminate some of the trade-
offs in alternative approaches to delivering preventive
services, and provide substrata for policy discussions
and public debate over the role of cost-effectiveness
in allocating health care resources.

In the future, ranking of preventive services based
on cost-effectiveness may provide busy clinicians and
their patients with some scientific basis for deciding
how to best spend their limited time providing or
carrying out the services that are most likely to have
the greatest impact on health. At present, CEAs
should be considered an important aid to
decisonmakers striving to achieve the best possible
health for a population.
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