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THE SYNTHESIS PROJECT (Synthesis) is an initiative of the Robert Wood Johnson Foundation to
produce relevant, concise, and thought-provoking briefs and reports on today’s important health
policy issues. By synthesizing what is known, while weighing the strength of findings and exposing
gaps in knowledge, Synthesis products give decision-makers reliable information and new insights to
inform complex policy decisions. For more information about the Synthesis Project, visit the Synthesis
Project’s Web site at www.policysynthesis.org. For additional copies of Synthesis products, please go

to the Project’s Web site or send an e-mail request to pubsrequest@rwjf.org.
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Introduction

A number of factors have contributed to interest in preventive health care measures. First,
although advances in treatments to help people after they become sick have improved overall
health over the last century (10, 13), the historical success of preventive measures against diseases
has left a strong impression in the public consciousness. For example, typhoid, diphtheria,
gastroenteritis, and smallpox have been virtually eliminated in developed countries as a result of
preventive measures, including vaccination and improved public sanitation.

Second, important contemporary contributors to mortality have substantial behavioral risk factors
that are, by their nature, preventable. Because the prevalence of many acute illnesses has been re-
duced, and because life expectancy grew from less than 50 years in 1900 to nearly 80 years in 2000
(44), chronic disease has become the dominant source of mortality in the United States. Heart
disease and cancer, respectively, accounted for 31.4 percent and 23.3 percent of all U.S. deaths

in 2000, compared with 6.2 percent and 3.7 percent in 1900 (44). Risk factors for these diseases
include diet, exercise and smoking.

Finally, interest in prevention is driven by the need to reduce health care costs. A source of
savings in health care is needed now more than ever. Between 1960 and 2000, present value
lifetime medical expenditures increased from $14,000 to $83,000 per person in 2002 dollars (10).
The increase was particularly steep for individuals after the age of 65, for whom lifetime medical
costs (in the remaining years of life) increased from less than $12,000 to almost $160,000. The
proportion of gross domestic product (GDP) devoted to health care spending has increased
from 5.2 percent in 1960 to 16 percent in 2006, and is projected to reach more than 19 percent
by 2017 (14).

The potential for cost savings from prevention has particular policy relevance at this time. For the
elderly, growing costs could threaten the long-term viability of Medicare. Spending on Medicare
and Medicaid, which now represents 4.6 percent of GDD, is projected to increase to 5.9 percent
by 2017, and to 20 percent by 2050 if present trends continue (35). For workers, employment-
based insurance premiums increased 78 percent between 2001 and 2007, compared with a 17
percent increase in inflation and a 19 percent increase in worker wages over the same time period
(7). During this period, the number of people who are either uninsured (21) or underinsured

(42) has increased. The looming crisis in health care costs makes understanding the economic
consequences of investments in prevention particularly important.

The interest in promoting preventive services has given rise to — and been inspired by — an
increasing number of reports and academic papers that have evaluated the economics of
prevention. This synthesis provides policy-makers with a framework for evaluating the cost-
effectiveness literature and investigates the economic evidence for investing in preventive care.
This synthesis addresses the following questions:

1.  What concepts are important to consider in evaluating cost-effectiveness studies?
What information is available on the cost of preventive care?

What are the strengths and limitations of the information?

Which preventive measures save money or deliver good value?

S-S

How could cost-effectiveness reviews be improved?
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Introduction

This review is limited to clinical preventive services, which are services primarily administered

in a doctor’s office, a hospital, or other similar clinical setting. By contrast, community-based
preventive services refer to all other preventive interventions (see Zaza (47) for an extensive review).
Examples include mass media campaigns and cigarette taxes to discourage smoking, school-based
promotion of physical activity to combat obesity, and child safety seat laws to reduce motor
vehicle injuries and fatalities. This synthesis limits attention to clinical prevention because infor-
mation on the economic efficiency of community-based interventions is limited (5, 38).!

Prevention can be divided into three categories — primary prevention, secondary prevention

and tertiary prevention (34). Primary prevention aims to avoid the onset of disease. Examples
include childhood vaccines, smoking cessation counseling and weight loss programs. Secondary
prevention aims to prevent disease from developing beyond its early stages and often depends on
screening. For example, mammogram screening aims to detect breast cancer when it is more likely
to be amenable to treatment. Tertiary measures minimize progression and symptoms associated
with established disease. Examples include control of blood sugar levels in people with diabetes
to prevent damage to blood vessels and organs. This synthesis focuses on primary and secondary
prevention.

Before proceeding, we note that questions about cost-effectiveness and cost savings could — and
equally should — be asked in the context of treatment and diagnostic services. It is not our intent
to imply that preventive services should be held to a more stringent standard for efficiency. Nor
is it our intent to imply that only those services that save money are worthwhile. The promise of
savings, however, seems to have been made more in the context of preventive services. This report
reviews the evidence for that claim.

1 Some sources identify worksite measures as a third category (32). This category includes measures such as worksite fithess
centers, worksite smoking bans, and worksite influenza immunization clinics. Rather than treating worksite interventions as
a separate category, this review treats them as clinical interventions if they would typically be offered in a medical setting (e.g.,
immunizations) and otherwise as community interventions (e.g., a fitness center or smoking ban).
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Findings

What concepts are important to consider in evaluating cost-
effectiveness studies?

“Cost-saving” and “cost-effective” are distinct terms that are often mistakenly
used interchangeably. Preventive care that decreases costs is cost-saving (e.g., many
childhood immunizations). If the benefits are sufficiently large compared to the costs, the
intervention is “cost-effective” even if it does not save money. Cost-saving measures may slow
health care cost growth, but not be large enough to outweigh other cost increases (Figure 1).
Alternatively, the savings may be large enough to reverse health care cost growth.

Figure 1: Possible impact of cost-saving intervention on health care costs over time
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Cost-effective preventive care measures that do not save money may confer
important health benefits and hence still be worthwhile. The adoption of such measures
increases overall health care costs, but their health benefits are sufficiently large to justify the
added expense. Cost-effectiveness analysis is a way to determine if an intervention that does

not save money satisfies this criterion. It differs from comparative effectiveness analysis, which
compares interventions only in terms of their impact on health without regard to cost.

An intervention’s cost and how much health it delivers can be summarized in a single number
called the “cost-effectiveness ratio,” which is equal to the intervention’s incremental costs divided
by its incremental health benefits.

Incremental Costs ($)

CE ratio =
Incremental Health Benefits

Health benefits can be expressed as the number of deaths or cancer cases prevented, or the
number of life years saved, for example.
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Health economists often express health benefits in terms of the number of quality
adjusted life years (QALYs) saved. The QALY takes into account both length of life and
quality of life (e.g., freedom from pain, ability to participate in activities). A year in perfect health
is defined to be worth 1 QALY. A year with any adverse condition is generally worth between 0
and 1 QALY. For example, a year of life following a minor stroke has been estimated to be worth
0.87 QALY, whereas a year of life after a major stroke has been estimated to be worth 0.52 QALY
(23). Although estimated QALY weights are uncertain, the exact value used tends not to strongly
influence the resulting cost-effectiveness ratio estimate (6).

A cost-effectiveness ratio is said to be “unfavorable” when the intervention’s
incremental costs are large relative to its incremental health benefits. That is, the
health improvements it achieves are expensive. A small cost-effectiveness ratio would favor inter-
vention. Typically, cost-effectiveness ratios less than $50,000 to $100,000 for each QALY gained
are regarded favorably, although some health economists have argued that cost-effectiveness
decision rules should use higher (i.e., less stringent) thresholds (3) (see How much is one quality
adjusted life year worth?). In any case, computation of cost-effectiveness ratios makes it possible to
evaluate and compare economic impacts for a wide range of health interventions whose costs
exceed their savings.

How much is one quality adjusted life year worth?

Although values of $50,000 and $100,000 per QALY have often been used as thresholds for decision
rules in cost-effectiveness analysis, economists complain that these benchmarks lack a sound
foundation (19). Critics have suggested that these traditional benchmarks are too low and that a
higher value should be placed on the QALY. Placing a higher value on the QALY would suggest that
society is willing to spend more on improving health and would therefore increase the number of health
interventions that are categorized as worthwhile.

Hirth et al. (19) evaluated the traditional benchmarks by looking at market data on extra pay people
receive to take more dangerous jobs. They also looked at the prices people pay for safety features (e.g.,
smoke detectors). The job data indicated people demand $430,000 for each additional QALY, whereas
the personal safety price data indicated they are willing to pay $93,000 for each additional QALY.

Braithwaite et al. (3) estimated the value of a life year by comparing the amount society has spent on
health improvements between 1950 and 2003 with the improvement in health. They reasoned that this
estimate, amounting to $183,000 per life year, is a lower bound because most people believe even more
resources should be spent on health care. Braithwaite et al. developed an upper bound value of $264,000
per life year based on the cost of unsubsidized health insurance and its attendant health benefits. The fact
that most people are unwilling to make this purchase implies that it confers benefits at a cost people
find unacceptably high. After taking into account various sources of uncertainty and accounting for
morbidity, Braithwaite et al. estimated the value of a QALY to range from $109,000 to $297,000.

Estimating the value of one QALY is difficult and estimates are uncertain because there is no market
where QALYs are explicitly traded. Ultimately, decision-makers have to make a judgment as to what
they think it is worth.

The cost-effectiveness of a preventive measure is typically improved by targeting
a high-risk population (Table 1). Targeting high-risk populations increases the proportion of
individuals who benefit and hence the health benefits accrued per dollar invested (40). Targeting
high-risk patients also makes it more likely that the measure’s therapeutic benefits will outweigh
any side effects.
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Table 1: Influence of population characteristics on cost-effectiveness

Intervention Cost-effectiveness
and study Population ratio?
Diet treatment 35-44-year-old non-smoking men with normal cholesterol® $160,000/QALY
:10 r?tdg_ce coronary  g5_74-year-old non-smoking men with normal cholesterol® $68,000/QALY
(:,,675)l 1sease 65-74-year-old non-smoking men with elevated cholesterol® $38,000/QALY
Screening for All 35-year-olds $130,000/QALY
diabetes 35-year-olds with hypertension $87,000/QALY
(20) 75-year-olds with hypertension $32,000/QALY
Routine childhood Children living in regions of the U.S. with high hepatitis A Cost-saving
hepatitis A prevalence rates°®
immunization Children living in regions of the U.S. with moderate hepatitis A $14,000/QALY
(22) prevalence rates®
Children living in regions of the U.S. with low hepatitis A $63,000/QALY
prevalence rates®
Notes:

@ Cost-effectiveness ratios reported in this table are for the currency year reported by the original author. Values have been rounded
to two significant digits.

® Assumes diastolic blood pressure < 95 mm Hg, HDL > 49 mg/dL, and no other risk factors. Cholesterol is “normal” if LDL is
between 160 and 189 mg/dL, and “high” if it is 190 mg/dL or greater.

¢ Hepatitis prevalence rates are “high” if they exceed the national average, “moderate” if they are between 50% and 99% of the
national average, and “low” if they are less than 50% of the national average.

The details of an intervention can strongly influence both clinical outcomes and
cost savings (40). For example, the cost-effectiveness of colorectal cancer screening depends
on the technology used (e.g., colonoscopy, fecal occult blood testing, or sigmoidoscopy) and how
frequently the screenings are administered. Increasing screening frequency increases effectiveness
(proportion of cancer cases detected early and number of QALYs saved), but generally at the cost
of diminishing marginal returns and less favorable cost-effectiveness (Table 2).

Table 2: Cost-effectiveness of alternative colorectal cancer screening interventions?

Range of cost-effectiveness

Technology Screening frequency estimates (2004 U.S. dollars)®
Colonoscopy Every 3 years $22,000/QALY
Every 5 years $17,000 to $37,000/QALY
Every 10 years $11,000 to $27,000/QALY
Fecal occult blood testing Annually $4,600 to $26,000/QALY
Every 2 years $2,900 to $11,000/QALY
Sigmoidoscopy Every 3 years $16,000 to $21,000/QALY
Every 5 years Cost-saving to $42,000/QALY
Every 10 years $9,300 to $24,000/QALY
One-time screening $1,400/QALY

Notes:

@ Based on Table 10-1 in MedPAC Increasing the Value of Medicare (30)

> Comparator in all cases is no screening for colorectal cancer. Cost-effectiveness values have been rounded to two significant
figures. Multiple values are reported where estimates are available from more than one study. Some studies used life years rather
than QALYs.
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How much money prevention saves, or how cost-effective it is, depends on what it
is compared with. A preventive measure may save money when compared with no prevention,
but may cost money when compared with another preventive measure that is just as effective but
less expensive. How much money prevention saves or how cost-effective it is also depends on
assumptions about how people who develop the targeted disease will be treated. The availability
of an inexpensive, effective treatment for the targeted disease will make the cost-effectiveness of
prevention less favorable.

How much money prevention saves may depend on whether the question is asked
from the perspective of the health care system, individuals or employers. Changes
in health care costs affect health care system entities, like private insurance companies and public
programs such as Medicare. They also affect employers that subsidize employee health insurance
policies, and employees who pay for health benefits through lower wages. Factors affecting
out-of-pocket expenses and the time individuals must devote to their own care (e.g., to go to
doctor appointments when they are sick) are relevant to individuals. Whether health care costs
affect Medicare or private health care payers (typically funded by employers and individuals)

can depend on the age when disease typically strikes. Private payers typically cover health care
costs for individuals prior to retirement, whereas Medicare covers costs for older individuals.

For example, one study found that smoking increases costs for private insurance plans, but saves
money for Medicare (43). As a result, smoking prevention and cessation programs might produce
savings for private insurance plans but increase Medicare costs. Finally, employers benefit directly
from improvements in productivity.

Lifetime health care costs may rise if people live longer as a result of preventive
interventions. Prevention can reduce health care expenditures by reducing the incidence of a
targeted disease, and can in turn help people live longer. Living longer, however, means people
can develop other ailments that increase lifetime health care costs. Whether the additional
costs associated with these “competing risks” outweigh the savings from avoiding the targeted
disease depends on how healthy people are during their added life years. If the added life years
are relatively free of disability, which contributes substantially to care costs, then the economic
impact of prevention is likely to be more favorable. Otherwise, there is a greater potential

for competing risk costs to outweigh savings and potentially make the cost-effectiveness of a
preventive measure unfavorable (see Competing risks).
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Competing risks

The potential importance of health care costs associated with competing risks stems from the tendency
of some preventive measures to add life years. Moreover, these life years are added at older ages when
health care is typically more costly. In a brief review of the literature, Alemayehu et al. (1) noted that
health care costs rise exponentially after age 50, and that per capita annual costs in individuals age 85
or older are twice as much as the annual per capita costs for 75-84-year-olds, and three times as much
as they are for 65-74-year-olds.

One indicator of how likely it is that prevention will reduce costs is the extent to which it tends to add
“healthy” life years (i.e., years relatively free of costly disabilities) as opposed to unhealthy life years.
Diehr et al. (11) developed a Markov model to predict how long people live, and how much time they
spend in various qualitative health states as a function of their self-reported health condition. For
example, Diehr et al. (11) showed that women in fair health at age 65 live 3.8 years longer than women
who are in poor health at age 65. Moreover, individuals in fair health at age 65 have 3.6 more healthy
life years remaining, indicating that most of the 3.8 years of added life are healthy life years. Therefore,
the increase in life expectancy adds little to the time spent in a disabled state. If lifetime health care
costs depend strongly on time spent in a disabled state, then these results imply that preventing

the development of poor health at age 65 (replacing it instead with “fair” health at age 65) will not
substantially influence lifetime health care costs. Results are similar for men.

Another assessment of this phenomenon suggested that hypothetical prevention of near-term
disabilities reduces short-term costs but increases long-term costs, almost eliminating net lifetime
savings (26). The assessment classified Medicare recipients age 70 and over by level of disability

(five levels ranging from no limitation to institutionalized) and developed a Markov model to estimate
time spent in each state and time until death. By combining this information with estimates of cost
associated with each level of disability, the investigators estimated lifetime health care costs. Life
expectancy depended on level of disability at age 70. For example, individuals with no limitations at
age 70 had a life expectancy of 14.3 years, whereas life expectancy for those with limitations in at least
one activity of daily living (ADL) was nearly 20 percent less. On the other hand, remaining lifetime health
care costs were similar ($145,000 for individuals with limitations in at least one ADL and $136,000 for
individuals with no limitations).

The point is that even in this hypothetical scenario in which near-term disability was eliminated, the
resulting additional life years made lifetime cost savings minimal. It is possible that other interventions
that do not strongly influence near-term disability, or that make long-term disability more likely by
extending life, could decrease savings even more, or even increase net costs (e.g., see van Baal

et al. (45)).

Discounting scales down costs and benefits that occur in the future to reflect
preferences for near-term consequences (12). Whether the added long-term costs
associated with living longer exceed near-term cost reductions may depend on how an analysis
treats the issue of discounting. An analysis that uses a sufficiently large discount rate will diminish
the effective long-term costs associated with competing risks to the point that they have negligible
importance (See The discount rate and competing risks). It is therefore important to understand what
discounting assumptions an analysis makes if it affects long-term health care costs.
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The discount rate and competing risks

An important consideration in estimating competing risk costs is the “discount rate,” or rate of time
preference. A discount rate of 3 percent is typically used in economic analyses because it represents
the inflation-adjusted long-term risk-free return on capital (25). An annual discount rate of 3 percent
implies that a cost of $100 next year has a “present value” of $97 because $97 = $100 x 4.

03
a cost of $100 in two years has a present value of $94 = $100 x Toae 03

Although discounting has a minimal impact on cost calculations in the short term, it can have an
important impact over the long term. The discount rate used can be especially important when there
are competing risks because they can occur decades after a preventive measure is implemented.
Suppose, hypothetically, that a preventive measure at age 45 eliminates short-term health care costs
related to a targeted condition amounting to $5,000 but that it extends life expectancy by three years,
from age 79 to 82. For the average 80-82-year-old, assume that typical health care costs are $10,000
per year. Table 3 details the year-by-year impact on health care costs.

Table 3: Impact of preventing health condition on health care spending

Change in costs with preventive measure

Total Total: Total:
Target Typical care costs: discounted discounted

Age condition costs care costs No discounting at 3% at 7%
45 | $5,000 $ 0 | $5,000 | $5,000 | $5,000
46 0 0 0
79 0 0 0 0 0
80 0 110,000 1 10,000 1 3,554 T 937
81 0 110,000 1 10,000 1 3,450 T 875
82 0 110,000 1 10,000 1T 3,350 T 818
Total 1$25,000 1 $5,354 | $2,370

Because the targeted condition imposes a short-term cost, prevention of that condition decreases
short-term-care costs (age 45) by $5,000. Those savings end after age 45 because even if the
condition had not been prevented, its costs would not persist beyond that age. The long-term impact
of preventing the condition is to extend life by three years, from age 79 to 82. Prevention therefore
extends typical care costs ($10,000 per year) for three years.

Whether the near-term decrease in cost of $5,000 is worth more or less than the long-term additional
costs associated with longer life depends on the discount rate. If costs are discounted at 3 percent, the
“oresent value” of the additional future costs exceeds the $5,000 short-term savings (second column
from right in Table 3). If costs are discounted at 7 percent, the short-term savings are worth more than
the present value of the added costs associated with longer life (furthest column to right in Table 3).
This impact can be seen in published studies. One study of smoking prevention (45) concluded it
saves money if a high discount rate is used (at least 5.7 percent). The more common discount rate of

3 percent, however, made competing risks sufficiently large to eliminate any cost savings.
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To avoid the limitations of empirical studies, health economists use decision
analysis models to study cost-effectiveness (36, 46). Many questions related to clinical
medicine are addressed by empirically studying a patient population. For example, randomized
clinical trials compare outcomes for patients randomly assigned to different treatments. Although
often well-suited to answering focused questions about a treatment, empirical studies have several
limitations (2). In addition, important outcomes — like death — may occur over an extended time
period, making empirical study impractical. Finally, some study designs may raise ethical objections
(e.g., a randomized trial that assigns some children to ride in cars without using car seats).

Decision models, by contrast, pull together information from different sources, but in doing

so, they can introduce uncertainty. For example, to estimate the long-term health benefits of a
drug to treat hypertension, a decision model can combine information from one study on how
the drug influences blood pressure and information from another study on how blood pressure
affects mortality. Decision analysis model results can vary widely depending on their underlying
assumptions (see Appendix II). It is important to critically evaluate how well studies have
accounted for this uncertainty and hence how definitive the results are.

What information is available on the cost of preventive care?

The literature evaluating the health and economic benefits of prevention is extensive. For example,
the Tufts Medical Center Cost-Effectiveness Analysis Registry lists 541 articles published through
2006 that focus on either primary or secondary prevention measures (9). Many other studies of
preventive measures do not appear in the Tufts Registry because they do not quantify health
benefits in terms of quality adjusted life years (e.g., see studies on smoking prevention reviewed

by Sloan et al. (43)).

Because the literature is so extensive, a number of organizations have conducted reviews to
highlight useful findings for decision makers. The prominence and potential influence of these
reviews makes them a useful subject for this synthesis. One of our goals is to describe where
prominent reviews have reached similar or different conclusions regarding particular services, and
to identify factors that potentially limit some of the findings.

Reviews included in this synthesis meet the following criteria:

1. Evaluate intervention costs and health benefits. For example, this synthesis does not include
reviews of disease burden, or reviews that do not account for intervention costs and instead
only estimate savings if disease prevalence could somehow be reduced.

2. Quantify benefits in terms of a general measure, like life years gained or quality adjusted life
years gained.

3. Are not limited to a particular intervention or to interventions for a particular subpopulation
(e.g., patients at risk for coronary heart disease).

Based on these criteria, the synthesis identified three reviews: National Commission on Prevention
Priorities (NCPP) (28), National Business Group on Health (NBGH) (32), and Russell (41).

Although all three reviews meet these criteria, the Russell review differs from the other two in an
important respect. The NCPP and NBGH reviews limited attention to clinically recommended
preventive measures. Because they reviewed measures whose clinical effectiveness had been
established, the NCPP and NBGH reviews ask what can be accomplished by investing in the “best”
preventive interventions. Russell, on the other hand, reviewed a range of interventions described

in the health economics literature without restricting attention to those focusing on recommended
measures. That review therefore investigates the economics of prevention in general.
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What are the strengths and limitations of this information?

Strengths and weaknesses of this literature fall into two categories: those related to the original
studies of costs and health benefits for various preventive measures, and those related to the
interpretation of these findings by the reviews.

There are numerous limitations in original studies of costs and benefits. Among the most impor-
tant are the following:

1. Unrecognized uncertainty: As described in Appendix 11, cost and benefit estimates often
depend on models that make many assumptions about factors such as the natural history of a
disease (how quickly it progresses and how severe its symptoms are), how accurate a screening
test is, the effectiveness of treatment, and treatment costs. A well-conducted study will describe
how those assumptions influence cost and benefit estimates. Failure to do so conveys an
unrealistic sense of how reliable the estimates are.

2. Omission of competing risks: As described earlier, competing risks can offset savings from
prevention. Economic analyses often omit these costs, however, apparently in part because
they are difficult to estimate, and in part because the U.S. Public Health Service-appointed
Panel on Cost-Effectiveness in Health and Medicine (hereafter referred to as the “Panel on
Cost-Effectiveness”) made their inclusion optional (27). This issue can be important for
interventions that have a substantial impact on life expectancy (as opposed to morbidity).

3. Omission of relevant outcomes: Economic analyses tend to focus on costs to the health care
system. Almost all omit productivity impacts? and thus have less relevance to employers.
Many omit health care costs not borne by the health care system (e.g., the value of time spent
by patients to get treatment). More than half of the recent analyses catalogued in the Tufts
Cost-Effectiveness Analysis Registry (2000 through 2005) omit these costs.

Strengths and limitations of the reviews are related to their design and purpose, as described below
(see also Catalog of economic analysis limitations).

National Commission on Prevention Priorities (NCPP)

NCPP aims to help clinicians and organizational decision-makers prioritize resources among
recommended clinical preventive services (29). NCPP limited its review to primary and secondary
prevention measures recommended by the U.S. Preventive Services Task Force (USPSTF) through
December 2004 for the asymptomatic population and for patients with coronary heart disease
(CHD), and to immunizations recommended by the Advisory Committee on Immunization
Practices through December 2004.

NCPP emphasized the importance of relying on evaluations that used comparable methods. In
addition to requiring compliance with recommendations by the Panel on Cost-Effectiveness (16),
NCPP required comparison of each preventive measure with no provision of preventive services.
Costs and benefits had to include lifetime impacts for all Americans born over the period of one
year (including patient impacts, such as lost time). When an analysis meeting these requirements
was not available in the primary literature, NCPP developed their own analysis. Assumptions were
based on well-conducted literature reviews. NCPP’s review had the following limitations:

2 The Panel on Cost-Effectiveness recommends against inclusion of productivity impacts in the numerator of the cost-effectiveness
ratio (the change in costs), arguing that productivity considerations are already accounted for by the assigned QALY value and
hence inclusion of productivity impacts in the numerator would constitute double counting of this factor (27). Others contend that
productivity impacts should be explicitly included in the CE ratio numerator (4, 31, 39).
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1. Estimates apply to the hypothetical “average” individual: Because detailed simulation
modeling for all the reviewed interventions would have been impractical, NCPP used a
simplified approach to calculate costs and health benefits. In effect, NCPP calculated costs
and benefits for a hypothetical “average” individual for the population. Because the costs and
benefits of a preventive measure averaged over all members of a population are not the same as
the costs and benefits for the hypothetical “average” member of that population, this approach
can introduce some inaccuracy. For example, in a population consisting of 30-year-olds and
70-year-olds in equal parts, it would be inaccurate to assume that the average value of screening
for Alzheimer’s disease can be estimated by calculating the value of screening 50-year-olds.

2. Costs and benefits may not apply to new patients: Decision-makers considering investments
to increase the use of prevention need to know what the costs and benefits will be for new
patients receiving the intervention. NCPP computed costs and benefits for all individuals,
including those who already receive it. The average cost and average benefits over all
individuals may not be the same as the marginal cost and marginal benefits for new treatment
recipients. For example, some individuals may not receive a service already because the benefits
to them would be less than they are for those who already receive the service. Similarly, the
cost of delivering a service to those not already receiving it may be greater than the cost for
those already receiving it. In short, if there is a “diminishing marginal return” associated with a
service, the NCPP-estimated cost-effectiveness may be more favorable than is realistic for the
purpose of evaluating future investments to expand the service’s use.

3. Analysis not yet available: Because the NCPP effort is a work in progress, the group has not yet
released supporting documentation for all of its estimates.

National Business Group on Health (NBGH)

NBGH reviewed data on the health and economic impacts of preventive interventions found to
be effective by the USPSTF, the Centers for Disease Control and Prevention (CDC), and other
“authoritative” organizations (32). They described their review as “an information source for
employers on clinical preventive service benefit design.”

Based on their review of the published health economics literature, NBGH provides estimates of
cost-effectiveness (or evidence of cost savings) for many of the interventions included in their report.
Because these estimates are based on studies conducted by others, the estimates are not always
directly comparable. For example, one estimate may reflect informal care costs (e.g., family caregiver
time for an Alzheimer’s disease patient), while another may omit these costs. In addition to limita-
tions described above, the NBGH estimates also had the following limitations in some cases:

1. Analyzed and recommended interventions do not match: In some cases, the intervention
analyzed was not consistent with the described intervention. For example, the populations
recommended to receive the intervention might differ from those analyzed. In other cases, the
analysis evaluated the impact of a change in behavior (e.g., a successful reduction in smoking),
rather than the impact of an intervention designed to achieve that behavior change (e.g., an
anti-smoking education program).

2. No systematic literature review: NBGH did not specify a methodology for identifying relevant
literature for the interventions they reviewed. Although some of the conclusions are based on
comprehensive literature reviews, most do not appear to be.
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Russell

Russell (41) reviewed selected studies that evaluated the costs and health benefits for screening
measures, immunizations and medications. Because the Russell evaluation reported estimates
from published cost-effectiveness analyses, it is subject to the limitations inherent in those studies.
Moreover, because Russell did not set out to comprehensively review the literature, there is no
assurance that the findings represent the results described in the literature as a whole. Limitations
relevant to the Russell review are included among those that have been enumerated above.

Which preventive measures save money or deliver good value?

This section summarizes the findings of the reviews conducted by NCPP, NBGH, and Russell.
We divide the interventions into three major categories: medications and immunizations (Table 4),
screening (Table 5), and lifestyle modifications (Table 6). The tables illustrate a spectrum of cost-
saving or cost-effective outcomes, as well as both concurrence and differences among the three
reviews. For each intervention, the tables summarize the findings reported by each review® (in
2007 dollars) and identify key limitations. The tables identify these limitations by numeric code
(see Catalog of economic analysis limitations).

3 Note that the interventions evaluated by NCPP, NBGH, and Russell are not precisely equivalent. Appendix Il provides additional
information on the interventions addressed by each review.
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Catalog of economic analysis limitations

Tables 4-6 list limitations by code number in parentheses along with each estimate. The code numbers
correspond to the list that appears above. For example, “(6)” indicates that the analysis supporting a
reported estimate is not yet available. If needed, further detail appears in the far right column of these
tables. Conditions for listing limitations include the following:

1. Unrecognized uncertainty: This factor is likely to be a limitation for many of the listed cost-
effectiveness estimates because the underlying analyses failed to identify and address important
sources of uncertainty. We flag this limitation, however, only if we identify a specific assumption that
is not adequately treated and for which the resulting uncertainty introduced could be important.

2. Omission of competing risks: Although none of the analyses explicitly address competing risks,
this limitation is listed only if it appears that it could be an important consideration. For example, it is
not listed if the preventive measure does not substantially influence mortality.

3. Omission of relevant outcomes: Unless otherwise noted, this limitation indicates that productivity
impacts were not explicitly accounted for. This limitation is listed only if this outcome is expected
to be important (e.g., it is not listed for measures whose impact largely affects retired populations).
Nor is the omission of productivity improvements listed if the analysis already reports the intervention
is cost-saving.

4. Estimates apply to the mythical “average” individual: Listed for many estimates based on
NCPP-conducted analyses. This limitation is not listed if the NCPP methods have not yet been
released (see limitation (6)).

5. Costs and benefits may not apply to new patients: NCPP explicitly estimates cost-effectiveness
of the preventive measure for all members of the population — not just those who do not already
receive this service. The resulting cost-effectiveness estimate may not be applicable to those not yet
receiving it if most eligible individuals already receive the service. We list this limitation if more than
half the eligible population already receives the intervention.

6. Analysis not yet available: The tables list this limitation for NCPP estimates not supported by
published analyses as of October 6, 2008.

7. Analyzed and recommended interventions do not match: \We list this limitation if it appears that
the analysis supporting the cost-effectiveness or cost-savings estimate does not correspond to the
intervention of interest (e.g., due to important differences related to the details of the intervention, the
assumed eligible population, or the alternative with which the intervention is compared).

8. No systematic literature review: We list this limitation only if the estimated cost-effectiveness or
cost savings is based on a very limited subset of the literature.
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Table 4: Cost-effectiveness: medications and immunizations

Intervention NCPP NBGH Russell Comments / Limitations
Medications

Counsel adults about Cost-saving Cost-saving Cost-saving

low dose aspirin use to 2 2 2,8)

prevent CHD

Counsel women on Not reported Cost-saving Not reported  NBGH (7): The analysis evaluates the impact of

contraception use (7) contraceptive methods on costs but does not
evaluate the impact of counseling.

Counsel women on folic $17K-$42K $7K Not reported  NBGH (7): Estimate addresses folic acid use,

acid supplementation 6) (3,7,8) not counseling to encourage use. The cost-
effectiveness estimate was calculated prior to
widespread folic acid fortification in the U.S.

Counsel women to use $17K-$42K Not reported Not reported

calcium supplements (6)

Immunizations
Childhood immunizations ~ Cost-saving Cost-saving Cost-saving Russell (7): Varicella immunization only.
(5,6) () (5,7,8)

Adult immunizations — Cost-saving Not reported Not reported  NCPP (5): 62% of eligible population already

pheumococcus 2,5) receive this immunization.

Adult immunizations — $1K-$34K Cost-saving Not reported  NCPP (5): 70% of age 65+ and 41% of ages

influenza (2,4,5) 2,7) 50-64 already receive influenza vaccination.

NCPP range is for ages 50-64 ($34K/QALY) and
ages > 65 ($1K/QALY).

NBGH (7): Estimate is for vaccination of adults
ages 65+. Policy is for adults (age not specified).

Adult tetanus-diphtheria
booster every 10 years

$200K-$540K
Q)

Not reported

Not reported

Note: Cost savings or cost-effectiveness ratio is in $/QALY unless otherwise indicated. All figures are in 2007 dollars. See text box for an explanation of the limitations, identi-
fied here by number.
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Table 5: Cost-effectiveness: screening

Intervention NCPP NBGH Russell Comments / Limitations

Coronary heart disease

Hypertension screening $38K Cost-saving $29K NCPP (5): 58% of eligible population already receives
for all adults (2,4,5) 2,7,8) 2,8) intervention.

Russell estimate is for beta blockers; other medica-
tions had less favorable ratios. Cited evidence is for
treatment, not screening and counseling.

Cholesterol screening; $46K Cost- $85K-$210K  NCPP (5): 71% of eligible population already receives
medications for adults (2,4,5) effectiveness  (2,8) intervention.
with elevated lipid levels discussed but Russell range corresponds to screening of high-risk
not quantified males ($85K/QALY) and females ($210K/QALY).
Diabetes screening $200K-$540K  $44K $51K NBGH (7): Estimate reflects assumption that
(6) 2,7) screening is limited to 55-year-olds with
hypertension. Policy evaluated includes ages 30+.
Cancer
Colorectal cancer $14K $12K-$36K $2K-$21K
screening 2) per Life Year per Life Year
@ ®)
Breast cancer screening  $58K $39K-$101K  $31K NCPP (5): 60% of eligible population already receives
2,5) per Life Year per Life Year  intervention.
2,3.7) ®) NBGH (7): CE ratio is for women ages 65+ but
intervention described is for women ages 40-80.
Cervical cancer screening  $21K $14K $41K NCPP (5): 78% of eligible population already receives
(2,5) 2,3,8) per Life Year  intervention.
@)
Sexually transmitted diseases
Gonorrhea screening Not reported Cost-saving Not reported  NBGH (7): Estimate based on analysis of screening
(7) women ages 15-29 in urban emergency departments
only.
HIV screening Not reported Cost-saving $35K-$68K NBGH value is for screening of pregnant women;
2,3 (8) Russell value is for screening of general population.
Hepatitis B screening in Not reported $240 Not reported
pregnhant women per Life Year
2,3,8)
Chlamydia screening <$17K < $30K Not reported  NBGH (7): Estimate assumes annual screening of
(6) (7) women ages 15-29 only and semiannual screening

of women with infection history.

Pediatric health

Prenatal neural tube Not reported Cost-saving Not reported  NBGH: Estimate of cost savings reflects costs

defect and chromosomal 2,3,8) avoided following assumed voluntary pregnancy

abnormality screening termination.

Lead exposure screening  Not reported Cost-saving Not reported  NBGH (7): Estimate reflects assumed prevalence of
(7,8) elevated blood lead levels substantially exceeding

current national average. NBGH does not specify
remediation conducted if child with elevated lead
levels is identified.

Newborn screening for Not reported Cost-saving Not reported  NBGH: Costs and benefits depend on which disorder
metabolic disorders to $35K per is screened for. Reasonable evidence to support

Life Year cost-effectiveness of intervention.

or QALY

(depends on

intervention)
Vision screening <$17K $3K Not reported  NBGH (7): Estimate accounts for treatment costs but

6) (7,8) not screening costs. Analysis pertains to only one

type of disorder (amblyopia).
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Table 5: Cost-effectiveness: screening (continued)

Intervention NCPP NBGH Russell Comments / Limitations

Adult health — Other

Vision screening — Cost-saving Not reported Not reported

ages = 65 (6)

Abdominal aortic Not reported ~ $16K-$23K $22K per NBGH restricts attention to individuals who have

aneurysm screening for 2) Life Year smoked, but Russell does not.

men 60-74 (8)

Screen adults for $200K-$540K Not reported  Not reported

depression (6)

Screen adults for hearing  $42K-$200K Not reported Not reported

loss (6)

Screen women for $42K-$200K  Cost- Not reported

osteoporosis 6) effectiveness

discussed but
not quantified

Note: Cost savings or cost-effectiveness ratio is in $/QALY unless otherwise indicated. All figures are in 2007 dollars. See text box for an explanation of the limitations,
identified here by number.

Table 6: Cost-effectiveness: lifestyle modifications

Intervention NCPP NBGH Russell Comments / Limitations
Problem drinking screening and  Cost-saving Cost-saving Not reported NCPP (1): Uncertainty attending assumptions
counseling (1,2,4) 2,8) regarding the impact of behavior on health and

the impact of intervention on behavior was not
adequately addressed.

Counsel parents on breast- Not reported Cost-saving Not reported NBGH (3): Based on savings to federal Women,
feeding (7,8) Infants and Children (WIC) program.
NBGH (7): Does not account for counseling costs or
imperfect adherence.

Tobacco screening and Cost-saving Cost-saving $5K NCPP (1): Cost-effectiveness appears favorable but
prevention (1,2,4) 2 8) cost savings uncertain. Assumed effectiveness of
repeated counseling not robust.
NBGH (3): Estimate based on a study from an
employer perspective.

Counsel parents on motor $17K-$42K Cost-saving Not reported
vehicle injury prevention (6) (8)
Adult obesity screening $42K-$200K Cost- Not reported NBGH qualified conclusion because its estimate
followed by lifestyle counseling, (6) effectiveness is based on studies outside of U.S., limiting their
medications or surgery discussed but applicability in the U.S. (differences in payment
not quantified system). Analysis was limited to treatment of morbidly
obese (BMI > 40).
Diet counseling for adults with $200K-$540K Cost-saving $190K NBGH (7): Evidence is for program used in a
CVD and diet-related risk factors (6) (2,3,7,8) (7,8) low-income population. Generalizability to entire

population not clear.

Russell (7): Estimate is based on analysis of diet
and exercise counseling offered to middle-aged,
overweight individuals at risk for diabetes based on
an oral glucose test.

Note: Cost savings or cost-effectiveness ratio is in $/QALY unless otherwise indicated. All figures are in 2007 dollars. See text box for an explanation of the limitations,
identified here by number.

16 | RESEARCH SYNTHESIS REPORT NO. 18 | THE ROBERT WOOD JOHNSON FOUNDATION | The cost savings and cost-effectiveness of clinical preventive care



Findings

Cost-saving interventions

A substantial number of interventions are described as cost-saving by one or more
of the three literature reviews. Two interventions — counseling on the use of low dose aspirin
to reduce coronary heart disease and childhood immunizations — were estimated to be cost-
saving by all three reviews. Many of the analyses claiming cost savings have important limitations,
however. For example, competing risk costs are not addressed by analyses of programs to counsel
adults about low dose aspirin use to prevent coronary heart disease (CHD), adult immunization
against pneumococcus, and tobacco screening and prevention programs.

Another common problem is inconsistency between the interventions described and the
interventions evaluated. For example, the NBGH evaluation of folic acid supplementation
counseling looked at the impact of folic acid use. In short, it assumed that counseling will alter
behavior with 100% effectiveness.

Analyses described by NCPP use the average population results to estimate cost-effectiveness

for the remaining portion of the population not yet receiving an intervention. However, when
the segment of the population not yet receiving the service is small, this approach may be
inaccurate. For example, increasing the childhood vaccination rate may involve costs not incurred
to achieve vaccination among children who already receive immunizations. Note that expanded
service provision may still be desirable to decision-makers even if it is less efficient than the
existing provision of services. For example, less stringent cost-effectiveness requirements may be
appropriate if the newly served populations are socioeconomically disadvantaged.

Finally, some results are questionable because they lack evidence that uncertain assumptions have
been adequately accounted for or there is no evidence that the findings are representative of the
literature. Evaluations of lifestyle modification interventions, such as alcohol use counseling and
tobacco prevention or cessation programs, are relatively uncertain. This problem stems in part
from the challenge posed by conducting randomized studies of behavioral interventions.

Interventions with good value (cost-effectiveness ratio < $100,000/QALY)

Although the cost-effectiveness evidence for a number of interventions is limited, the evidence
for others is more compelling. These include: counseling women to use calcium supplements,
colorectal cancer screening, hepatitis B screening in pregnant women, and counseling parents
about motor vehicle injury prevention. Cervical cancer screening and breast cancer screening may
also be cost-effective if average population cost-effectiveness estimates reported by NCPP

are applicable to women not yet receiving these services.

Expensive interventions (cost-effectiveness ratio > $100,000/QALY)

Several interventions are included on lists recommending their use because of
their efficacy despite evidence that they cost a lot relative to their health benefits.
Examples include adult tetanus-diphtheria booster shots every 10 years (Immunizations, in Table

4) and some of the screening of adults for depression, hearing loss, and osteoporosis (women),
which cost several hundred thousand dollars per QALY (Adult health — Other, in Table 5).

The fact that the number of interventions identified as “expensive” by these
reviews is relatively small may reflect the selection process. Both NCPP and NBGH
focused on preventive services already determined to be effective. Cohen et al. (9), however,
determined that a substantial proportion of preventive measures evaluated in the health economics
literature have unfavorable cost-effectiveness ratios (see The distribution of cost-gffectiveness ratios).
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The distribution of cost-effectiveness ratios: A survey of the health economics literature

Using information recorded in the Tufts Medical Center Cost-Effectiveness Analysis Registry, Cohen et
al. (9) compared the distribution of cost-effectiveness ratios for preventive measures and for treatment.
Figure 2 is based on that analysis, which reflected articles published through the end of 2005. As the
figure illustrates, there is no evidence based on this dataset that preventive measures are more efficient
than disease and condition treatments.

Figure 2: Distribution of cost-effectiveness ratios for prevention and treatment interventions
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Notes: Based on data from Cohen et al. (9). “Preventive” measures include primary and secondary interventions, while
“treatments” include tertiary interventions.

Several factors limit this analysis. First, the analysis included only cost-utility analyses (cost-
effectiveness studies that quantify health benefits in terms of quality adjusted life years). Relative to their
disease burden, this literature underrepresents interventions to address mental health and substance
abuse (33). Moreover, a select subset of the preventive measures (e.g., those recommended by the

US Preventive Services Task Force) might have a more favorable distribution of cost-effectiveness
ratios. On the other hand, a comparable set of “recommended” treatments might also have a more
favorable distribution of cost-effectiveness ratios. Second, the included studies did not always compare
interventions with the relevant alternative (i.e., no prevention). For example, studies sometimes
compared universal screening with targeted screening (20). Third, because the findings are based on

a secondary analysis of the literature, they reflect the limitations of the primary analyses (e.g., omission
of productivity impacts and care costs associated with longer life). Finally, differences in methodology
across studies can make it difficult to meaningfully compare ratios.
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How could cost-effectiveness reviews be improved?

The limitations noted for many of the evaluations listed in Tables 4-6 qualify the reported
estimates of cost savings and cost-effectiveness. The NCPP evaluations are the most reliable
because their use of a uniform methodology ensures the intervention and population reflected

in the analysis match the intended intervention and population. The NCPP evaluations also
generally do a good job at systematically surveying the literature and characterizing the impact of
important sources of uncertainty on their reported estimates. Because NBGH and Russell rely on
published analyses, they do not perform as well with respect to these characteristics.

The NCPP evaluations could be made more useful as follows.

« First, they could include a version of the analysis that explicitly accounts for worker
productivity gains. That information would be useful to employers.

+ Second, the evaluations could include a version of the analysis that accounts for the impact
of competing risks. Competing risk costs are real and of particular relevance to the Medicare
program because it is responsible for health care costs that occur late in life.

+ Third, in addition to estimating an intervention’s average costs and savings for the entire
population, the evaluations could include a separate analysis describing how these costs and
benefits may differ for members of the population who do not yet receive the intervention.
Those costs and benefits are the most relevant estimates for the purpose of determining the
economic impact of expanded investments in prevention.

Finally, the systematic approach used by NCPP and applied to a list of clinical measures
recommended by the U.S. Preventive Services Task Force, could be expanded. For example, the
NBGH review addresses many interventions not evaluated by NCPP. In addition, this approach
could be used to evaluate nonclinical preventive measures. The data for community interventions
are more limited. Systematic analysis of these measures would provide useful estimates, however,
and would help to identify important data gaps so that future data gathering efforts could be
prioritized.

Conclusion

While the achievement of cost savings through prevention is beneficial, it is important to keep

in mind that the goal of prevention, like other health initiatives, is to improve health (15). Even
those interventions that cost more than they save can still be desirable. Because health care
resources are finite, however, it is useful to identify those interventions that deliver the greatest
health benefits relative to their incremental costs. In addition, it may be possible to improve
intervention cost-effectiveness by targeting higher-risk populations, although identifying high-risk
individuals may itself consume substantial resources, depending on how difficult this task is.

Ultimately, identifying interventions that are cost-saving or cost-effective is only part of the
problem. Decision-makers must also understand which desirable interventions are already reaching
the vast majority of the eligible population, and which could achieve greater benefit by increasing
their use among people not yet served — recognizing that those people may be costly to reach.
Finally, incentives may be necessary to encourage use of the most favorable preventive services.
Taken together, these steps can help maximize the health benefits that can be achieved through
prevention while ensuring that limited economic resources are wisely used.
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Based on the literature synthesized in this report, there are relatively few clinical preventive
interventions for which there is strong evidence of cost savings. Moreover, many preventive
interventions that do save money are already in widespread use (e.g., childhood immunizations),
thus limiting the potential for additional savings. For these reasons, it is unlikely that substantial
cost savings can be achieved by increasing the level of investment in clinical preventive measures.
On the other hand, this review has shown that many preventive measures deliver substantial
health benefits given their costs. Keeping this in mind, the following policy implications can be
drawn from this synthesis:

+ By playing a role in the production of cost-effectiveness information, the federal
government could help to ensure its relevance and the transparency of its
methodology. The federal government has produced some of this information through
research sponsored by the Agency for Health Care Research and Quality (AHRQ) and the
National Institutes of Health (NIH), but a greater role would help ensure decision-makers
have access to analyses that evaluate services of greatest salience, that those services are
compared with the most relevant alternatives, and that the analyses are supported by the
best available science.

- Systematic evaluations of preventive measures can help identify promising
opportunities to invest society’s health care resources. For example, Congress has
at times added preventative benefits to the Medicare program (e.g., mammography screening,
cardiovascular screening tests and diabetes screening). In addition, the Medicare Improvement
and Patient Protection Act of 2008 (MIPPA) authorized the Department of Health and
Human Services (HHS) to include clinical preventive services with high ratings from the U.S.
Preventive Services Task Force (USPSTF) in Medicare’s national coverage determinations. Use
of cost-effectiveness analysis by the Centers for Medicare and Medicaid Services (CMS) to
evaluate additional candidate measures would help Congress better understand the merits of
alternative program options.

+ Developers of clinical guidelines should incorporate cost-effectiveness
information into their reviews. For example, USPSTF presents cost-effectiveness
information (separately from its recommendations) for measures with evidence of effectiveness.
This information helps the medical community understand where limited resources would
have the largest impact on population health. Moreover, the role of the USPSTF in the MIPPA
legislation could facilitate HHS’s use of the cost-effectiveness information USPSTF gathers.

Importantly, policy-makers should consider whether an emphasis on achieving savings from
preventive medicine is appropriate. After all, society invests in health care not to save money, but
to improve health. A better question to ask — of both preventive medicine and of treatments — is
whether current expenditures deliver good value even they do not achieve savings. Focusing on
value, rather than on savings, can reduce the risk of overlooking helpful preventive measures.
Emphasizing the more realistic goal of good value for all medical care holds the most promise for
improving health in a fiscally sustainable manner.
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Key Questions About Cost-Effectiveness Analyses

For policy-makers to be critical consumers of cost-effectiveness information, the following ques-
tions should be considered:

* How robust are the findings in light of the assumptions that underlie estimates of cost savings
or cost-effectiveness? Has the analysis taken into account potentially important sources of
uncertainty, such as plausible alternative model structures, the range of plausible parameter
values, and modeling methodology assumptions (e.g., the use of Markov models)?

* What intervention does the analysis actually evaluate? What are the implementation details
(e.g., type of drug, screening frequency, intensity of counseling)? What population is targeted?

« What perspective does the analysis assume? Does the analysis account for relevant costs and
savings, such as productivity impacts? Accounting for productivity impacts should receive
greater attention in the health economics literature.

+ If the preventive service has the potential to increase life expectancy, does the analysis account
for the impact of competing risks (i.e., additional care costs associated with longer life)? If
so, what discount rate was used? The impact of competing risks should also receive greater
attention in the health economics literature.

+ Are conclusions based on a comprehensive review of the literature? At the very least, is the
cited evidence consistent with other studies that are not discussed?

In addition, policy-makers should understand how widespread current use is for different
preventive measures. This information, together with information on cost-effectiveness, can
help policy-makers understand the budget impacts of shifts in medical practices, and what the
potential population health benefits will be.
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This appendix describes two examples of decision analysis models to evaluate the cost-effectiveness
of screening women for human papillomavirus (HPV), an infection that can cause cervical cancer.
The first model helps to illustrate how decision models can be used to compare the costs and
health benefits of alternative treatments. The second example illustrates a more realistic (and
complex) model. Finally, this appendix discusses the use of assumptions in decision analysis
models and how they contribute to uncertainty.

Simple model

Figure 2.1 illustrates a simple decision analysis model to evaluate a cervical cancer screening
program.

Figure 2.1: Simple decision analysis model for cervical cancer screening

Test result? Health Health
‘ outcome care cost
True + cancer prevented no iliness i
Patient HPV test, follow-up

infected Cancer develops

cancer test, cancer TX

Screen

Cancer does not develop noillness  test

No HPV
infection

False + follow-up test noillness test, follow-up

True - no illness test

Patient
infected?

Cancer develops cancer cancer TX

Patient HPV infected

No screen

Cancer does not develop noillness  none

No HPV infection no illness none

The “decision tree” in Figure 2.1 starts at the left side of the figure at the square “decision” node.
This decision can be thought of as applying to a series of patients. The fate of patients who
undergo screening can be compared with the fate of patients who do not. After the screening
decision is made for an individual patient, that patient travels along either the top or bottom
branch emanating from the square decision node and next encounters a round “chance” node
representing the possibility that she is infected with HPV or is not.

No screen option: HPV-positive patients may develop cancer. Each patient who develops cancer

incurs costs associated with cancer treatment and suffers the health effects associated with cancer.
For HPV-negative patients, there are no further health impacts and no additional health care costs.
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Screen option: Patients who are HPV-infected undergo screening. If the test result is (true)
positive, treatment is initiated that is assumed to be 100% effective at preventing cancer from
developing. These patients incur the costs associated with the screening test, a follow-up test,
and cancer-prevention therapy. They do not suffer any further health effects. For HPV-infected
patients who test (false) negative, cancer may develop. If cancer develops, cancer treatment
costs are incurred in addition to screening test costs. If cancer does not develop, only screening
test costs are incurred. Patients who are not HPV-infected undergo screening. If the screening
test reports a (false) positive result, follow-up test and possibly cancer-prevention therapy costs
are incurred in addition to the original screening test costs. If the test reports a (true) negative
result, only the original screening test costs are incurred.

The path taken through the tree for any particular member of each group of patients depends
on the random outcomes at each chance node. Using a computer to simulate the outcomes for
a large number of patients, it is possible to estimate the average outcomes and costs associated
with each of the two intervention options (screen and no screen). The cost-effectiveness ratio is
the difference between the average costs for the screened and unscreened groups divided by the
difference in average health benefits for these two groups.

More sophisticated models:

The example illustrated above embodies a simplified description of cervical cancer disease
progression. Specifically, all patients are uninfected, HPV-infected, or have cancer. A more
sophisticated model takes into account the fact that HPV infection can progress to cancer only
after reaching a sufficiently advanced cervical intraepithelial neoplasia (CIN) grade, and that
the severity of the resulting cancer depends on its stage.

Goldhaber-Fiebert et al. (17) used Markov modeling, a common technique, to better
characterize HPV and cervical cancer disease progression. The model divided “HPV infection”
into three states: no CIN, grade 1 CIN, and grade 2 or 3 CIN. It divided cancer into three
states (local, regional, or severe). Each of these cancer states was further divided into two
substates, corresponding to whether the cancer has been detected or not. Figure 2.2 illustrates
this model.
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Figure 2.2: Goldhaber-Fiebert cervical cancer model

v

No HPV infection HPV infected HPV infected
No CIN No CIN CIN1
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HPV infected
CIN2or3

Local cancer Local cancer
undetected ) detected

Regional cancer Regional cancer
undetected ) detected

Y

Distant cancer Distant cancer
undetected ) detected

The model, which is implemented as a computer simulation, assumes that all women start in the
uninfected state. It then models progression of time as a series of fixed (one month) steps. During
each month, each woman has a certain probability of transitioning from uninfected to infected
(no CIN). Once infected, women can progress to grade 1 CIN or to grade 2/3 CIN. Women who
reach grade 2/3 CIN can progress to local cancer. Alternatively, HPV-infected women can return
to the uninfected state. Women who reach the local cancer state can proceed to regional or distant
cancer. At any of these stages, the cancer may be detected.

As the simulation progresses, it keeps track of how much time women spend in each of the states.
The more time women spend in the cancer states, the greater the loss of health benefits (measured
in terms of QALYs) because these states are associated with diminished quality of life. Progressing
to the cancer states also increases the chance of eatlier death. The model accounts for changes

in the level of sexual activity women experience over their lifetime by making the probability of
progressing from the uninfected state to the HPV-infected state dependent on age. The model
also accounts for the presence of different types of HPV. The probability of progressing to the
HPV-infected (no CIN) state depends on the HPV type. Moreover, the risk of developing cancer
depends on the type of HPV a woman becomes infected with.
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Use of assumptions

As the examples illustrate, developing a decision analysis model requires assumptions. For
example, to characterize disease progression, the second model makes assumptions about the
probability of HPV infection by age, how rapidly that infection will progress to more advanced
grades, and how likely it is for the infection to either resolve or give rise to cancer. The model
also assumes its structure captures all important aspects of the disease progression process.

For example, the second model designates three HPV infection grades. In concept, this level

of granularity may obfuscate clinically important differences and make the model projections
inaccurate. Finally, this kind of model (a “Markov” model) assumes that the probability of
moving from one health state to another does not depend on how long the person has been in
their current health state. For example, this model assumes that all women with localized cancer
have the same probability of developing regional cancer over the next month, regardless of how
long they have had localized cancer.

In some cases, data are available to assign values to model parameters, and to check if the model’s
structure is realistic. Model accuracy can be evaluated by comparing its projections (e.g., for
disease prevalence rates) to empirical data. Adjustment of parameter assumptions (“calibration”)
to achieve a better fit to empirical data can improve the assumptions (17, 24). In many cases,
however, ideal data (e.g., appropriate randomized controlled trial [RCT] results) are not available.
Moreover, even results from a RCT may not be ideal information if the population studied does
not match the population to be evaluated in the model, or if the clinical setting in the RCT does
not match the “real world” conditions (18). Adjusting RCT results, or using either non-trial data
(e.g., observational studies) or expert opinion introduces other sources of uncertainty, however.

Although the projections made by decision analysis models are often uncertain, decision analysis
models do not introduce that uncertainty. Instead, the uncertainty reflects the state of the
available data needed to answer the question the model addresses. The decision analysis model
makes the uncertainty explicit, quantifies it, and helps decision-makers understand if there is
enough information to confidently distinguish the costs and health benefits of the available
alternatives. It also helps researchers to identify research priorities (8).
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This appendix lists the interventions as they are described in the original documents for NCPP
(28) (Table 2), NBGH (32) and Russell (41) (Table 1). The table numbers below indicate where
the interventions are summarized in the main text of this report.

Table 4: Medications

Counsel adults about low dose aspirin use to prevent CHD

NCPP: For men = 40, women > 50, and others at elevated risk, discuss the benefits and risks of
daily aspirin use.

NBGH: Starting at age 30, provide counseling once every 5 years to discuss the risks and benefits
of aspirin use. Additional counseling should be provided if a cardiovascular risk factor is detected
(p. 51).

Russell: Treat men age 45 with a 10-year risk > 5.0% of coronary heart disease.

Counsel women on contraception use

NBGH: Provide contraception counseling once annually for individuals ages 13 to 55 (p. 57).

Counsel women on folic acid supplementation

NCPP: For women of childbearing age, provide counseling on the use of folic acid supplements to
prevent birth defects.

NBGH: Provide counseling to promote folic acid supplement use for pregnant women (through first
trimester) and all women considering pregnancy. Provide supplements when indicated (p. 60).

Counsel women to use calcium supplements

NCPP: Provide adult and adolescent women counseling on use of calcium supplements to prevent
bone fractures.

Table 4: Immunizations

Childhood immunizations

NCPP: Immunize children for diphtheria, tetanus, pertussis, measles, mumps, rubella, inactivated
polio virus, Haemophilus influenzae type b, hepatitis B, varicella, pneumococcal conjugate, and
influenza.

NBGH: Provide the following immunizations: “hepatitis B, diphtheria, tetanus, pertussis,
Haemophilus influenzae type b, polio, measles, mumps, rubella, varicella, pneumococcal disease,
influenza, meningococcal disease, hepatitis A, rotavirus... ” (p. 66).

Russell: Provide varicella vaccination for all school-age children.

Adult immunizations — pneumococcal disease

NCPP: Provide vaccination against pneumococcus (p. 66).

Adult immunizations — influenza

NCPP: Provide annual influenza vaccination to adults = 50.

NBGH: Provide influenza vaccination to adults (p. 66).

Tetanus-Diphtheria booster

NCPP: Provide adults a tetanus-diphtheria booster shot every 10 years.
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Table 5: Screening — Coronary heart disease

Hypertension screening for all adults

NCPP: Routinely screen all adults for elevated blood pressure. Treat with antihypertensive
medications when indicated.

NBGH: Provide blood pressure screening up to six times per year. Counsel patients as appropriate
to promote lifestyle changes, provide medications, and monitor blood pressure (p. 65-66).

Russell: Use beta blockers to treat individuals ages 35 to 64 with diastolic blood pressure
exceeding 95 mm Hg and no known coronary heart disease.

Cholesterol screening; medications for adults with elevated lipid levels

NCPP: Screen men > 35 and women > 45 for elevated cholesterol levels and provide cholesterol
lowering drugs when medically indicated.

NBGH: Screening of adults age 20 and older every five years or as medically indicated for total
cholesterol, low density cholesterol, high density cholesterol, and triglycerides. Counsel patients as
appropriate to promote lifestyle changes, provide medications, and monitor lipid levels (p. 66-67).

Russell: Identify and treat individuals ages 45 to 54 at high risk.

Diabetes screening

NCPP: Screen for diabetes in adults with elevated blood pressure or hyperlipidemia, and treat to
lower these levels.

NBGH: Screen for diabetes every 1 to 3 years for patients of any age who have hypertension or
hyperlipidemia. Starting at age 30, screen every 1 to 2 years for patients at “high” risk. Starting at
age 45, screen every 3 years for patients at normal risk (p. 58).

Russell: Screen 55-year-olds with high blood pressure.

Table 5: Screening — Cancer

Colorectal cancer screening
NCPP: Screen adults > 50.

NBGH: Provide colorectal cancer screening for men and women = 50, or starting at an earlier age
for individuals with risk factors. Screening frequency depends on the technology used (p. 57).

Russell: Screen white men starting at age 50. Frequency depends on screening technology.

Breast cancer screening

NCPP: Routinely screen women ages > 50; discuss age to start screening with women ages
40 to 49.

NBGH: Provide annual breast cancer screening for women ages 40 to 80. Screen women at high
risk starting at an earlier age (p. 52).

Russell: Screen women every two years from age 50 to 79.

Cervical cancer screening

NCPP: Screen women = 21 or within 3 years of sexual activity onset.

NBGH: Provide screening every 1 to 3 years for women ages 21 to 65, or at other ages if indicated
by risk or sexual activity (p. 53).

Russell: Screen women every three years from ages 20 to 75.
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Table 5: Screening — Sexually transmitted diseases

Gonorrhea screening

NBGH: Provide annual screening for women age 25 and younger, and for older women if medically
indicated (p. 69).

HIV screening

NBGH: Provide screening once during pregnancy, and more often if indicated by behavioral risk
factors (p. 62).

Russell: Provide one-time one-day rapid screening for HIV.

Hepatitis B screening in pregnant women

NBGH: Provide screening once during pregnancy, and more often if indicated by behavioral risk
factors. Provide post-exposure hepatitis B immune globulin to mother (p. 61).

Chlamydia screening

NCPP: Routinely screen women < 25.

NBGH: Provide annual screening for women age 25 and younger, and for older women if medically
indicated (p. 69).

Table 5: Screening — Pediatric health

Prenatal neural tube defect and chromosomal abnormality screening

NBGH: Provide chromosomal abnormality screening for all pregnant women over age 35. Provide
neural tube defect screening for women at elevated risk. Provide genetic counseling when
medically indicated (p. 63).

Lead exposure screening

NBGH: Provide screening at ages 12, 24, and 36-72 months for all children at risk for lead
exposure (p. 54).

Metabolic disorders in newborns

NBGH: Screen newborns for “phenylketonuria (PKU), congenital hypothyroidism (CH),
galactosemia, sickle cell disease (SCD) and other hemoglobin disorders, congenital adrenal
hyperplasia (CAH), biotinidase deficiency, and medium chain acyl-coA dehydrogenase (MCAD)
deficiency.” Treat as medically indicated (p. 55).

Vision screening
NCPP: Screen children < 5 for amblyopia, strabismus, and visual acuity defects.

NBGH: Between birth and 3 years, screen vision by taking an ocular history and conducting:

a vision assessment, external eye lid inspection, ocular motility assessment, pupil examination,
and reflex examination. Between ages 3 and 5, make appropriate visual acuity measurements
(using the Snellen chart, Tumbling E chart, HOTV test, Allen cards, or LH symbols) and
ophthalmoscopy (p. 56).
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Table 5: Screening — Adlults (other conditions)

Vision screening — age = 65
NCPP: Routinely screen adults > 65 for diminished visual acuity (Snellen chart).

Abdominal aortic aneurysm screening for men 60-74

NBGH: Provide “one-time screening ultrasound to look for abdominal aortic aneurysm in men
ages 65 to 75 who have smoked at any time in their lives” (p. 51).

Russell: Screen men ages 60-74 for abdominal aortic aneurysm.

Screen adults for depression

NCPP: Screen adults for depression in clinical settings with established appropriate systems to
ensure accurate diagnosis.

Screen adults for hearing loss
NCPP: Screen adults = 65 for hearing impairment and refer patients to specialists.

Screen adults for osteoporosis

NCPP: Routinely screen all women ages > 65 and women at elevated risk ages > 60 for
osteoporosis.

NBGH: Screen for osteoporosis once every two years (or less): women ages = 65 at normal
risk, men age 70 at normal risk, and women age > 60 at high risk. Provide medication to treat
condition if indicated.

Table 6: Lifestyle modifications

Problem drinking screening and counseling

NCPP: Routinely screen adults for problem drinking risk factors and provide brief counseling with
follow-up.

NBGH: Provide annual screening for alcohol misuse starting at age 18 for normal risk individuals.
Start earlier for high-risk individuals. If necessary, provide up to eight counseling sessions per
year, including “very brief” interventions (5 minutes, no follow-up), “brief” (15 minutes, no follow-
up), or multi-contact (= 15 minutes, followed by several additional contacts) (p. 51).

Counsel parents on breast-feeding

NBGH: Provide counseling to promote breast-feeding (p. 59).

Tobacco screening and prevention

NCPP: Screen adults, provide brief counseling, and offer medications to assist with tobacco
use cessation.

NBGH: Provide tobacco use screening at every clinical encounter starting at age 18, or earlier
if indicated by risk. If necessary, provide brief counseling in person and intensive counseling
in person or over the phone. Provide nicotine replacement products and smoking cessation
medications (p. 71).

Russell: Result is the average over 19 programs.
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Table 6: Lifestyle modifications (continued)

Counsel parents on motor vehicle injury prevention

NCPP: Provide parents of children < 5 with counseling on proper car seat use and other
measures to reduce injury risk, including window and stair guards, pool fences, poison control,
hot water temperature, and use of bicycle helmets.

NBGH: Provide annual counseling when individuals 1) learn to drive, 2) first become parents,
3) seek preventive services for their young children, 4) present with alcohol or drug
dependencies, or 5) receive care for alcohol-related injuries (p. 67).

Adult obesity screening followed by diet and exercise

NCPP: Routinely screen all adults for obesity and offer obese patients high intensity counseling
about diet and exercise for at least 1 year.

NBGH: Screen individuals starting at age 2 for obesity (BMI and waist measurement). Provide
up to six counseling sessions per year for individuals with BMI > 30. Provide FDA-approved
medications for individuals with BMI > 30, or for individuals with BMI from 27 to 29 and at least
one additional factor for cardiovascular disease. Provide surgical intervention for individuals
with BMI > 40 (pp. 67-68).

Diet counseling

NCPP: Provide intensive diet counseling for adult patients with hyperlipidemia and other risk
factors for cardiovascular disease and chronic disease related to dietary factors.

Russell: Provide diet and exercise counseling to middle-aged individuals who are overweight and
who have been identified as being at high risk for developing diabetes based on oral glucose test
results.
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