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Overview:

Methods used to compare the value of clinical preventive services based on two criteria—
clinically preventable burden (CPB) and cost effectiveness (CE)—are described. A
companion article provides rankings of clinical preventive services and discusses its uses for
decision-makers; this article focuses on the methods, challenges faced, and solutions. The
authors considered all types of data essential to measuring CPB and CE for services
recommended by the U.S. Preventive Services Task Force and developed methods essential
to ensuring valid comparisons of different services’ relative value.
Medical Subject Headings (MeSH): cost-benefit analysis; data collection; delivery of health
care; economics; healthcare quality, access and evaluation; health priorities; preventive
health services; preventive medicine; quality-adjusted life years (Am J Prev Med
2001;21(1):10 –19) © 2001 American Journal of Preventive Medicine

Introduction

T

he challenge of setting priorities among clinical
preventive services lies in deriving consistent
estimates of services’ value using disparate data.
A valid ranking of preventive services requires that each
service’s underlying data be evaluated on the same
basis. This article addresses how data issues were handled, the potential impact on the results, and how
various methods affected a priority ranking of clinical
preventive services. Coffield et al.,1 a companion article
in this issue, provides this ranking and other results, as
well as the rationale for evaluating services’ relative
value and a discussion of how decision-makers may
interpret and use the findings.
Many of these methods have not been previously
addressed in the literature. Although this discussion is
detailed, we were unable to include particulars on the
30 different preventive services assessed in this analysis
or the methods that are specific to evaluating each
service. For service-level detail, readers are referred to a
technical report on the evidence and calculations used
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to derive estimates for ranking the services.2 The technical report provides the methodologic details for each
particular service that may be required to replicate or
improve on this work.

General Approach
As summarized in the companion article,1 the Committee on Clinical Preventive Service Priorities (the Committee) outlined the approach used to set priorities
among clinical preventive services, identified the set of
services to be included, and selected the variables on
which the ranking should be based. The Committee
chose to evaluate services recommended for the general population by the U.S. Preventive Services Task
Force (USPSTF)3 based on clinically preventable burden (CPB) and cost effectiveness (CE). The Committee
also chose a 9-point scale (ranging from 2 to 10) for
ranking these services.
To develop estimates of the magnitude of CPB and
CE that are comparable across services, we needed a
common time period and a standard rule for identifying the population to be included in these estimates.
Both CPB and CE were based on delivery of the service
to a 1-year, U.S. birth cohort over the age range the
service is recommended by the USPSTF and at the
recommended frequency of delivery. We did not include burden of disease prevented or costs of service
delivery for populations continuing to receive the service after the recommended age unless it is part of
disease management resulting from positive screening
results.

Am J Prev Med 2001;21(1)
0749-3797/01/$–see front matter
© 2001 American Journal of Preventive Medicine • Published by Elsevier Science Inc.
PII S0749-3797(01)00309-9

Differences in the recommended frequency of delivprecluded the use of lower quality information when
ery across services required that the conceptual apno other information was available.
proach have a time component. In fact, the level of
Study quality and the applicability of available data to
effectiveness found in studies often reflects these recour analyses were considered in choosing estimates. If
ommended delivery intervals. When estimating CE, the
given a choice among estimates, the better candidate
frequency of delivery over the recommended age range
was chosen based on such factors as well-defined condefined the total costs of delivery necessary to achieve
trol groups, randomized trial, larger study population,
the level of effectiveness found in studies.
and lack of selection bias. More recent estimates were
It was not possible to explicitly model the course of
preferred in cases where the estimate could be affected
disease over time for each of the dozens of conditions
by recent trends in risk factors or technology. Although
covered by these 30 services. In most cases, we approxestimates from meta-analyses were preferable, these
imated the incidence and costs of disease that would be
often lacked the reporting detail needed to assess the
observed in a U.S. birth cohort over the age range the
appropriateness of the underlying studies for our purservice is recommended by using the incidence and
poses. Thus, the individual studies were frequently
costs of disease observed in the age range recomused. If we had a choice among estimates and the best
mended for the service in the most recent calendar
one was not obvious, we averaged all available estiyear. This method yielded estimates that included
mates. If some were obviously poorer in quality, these
approximately the same number of person-years (total
estimates were excluded from the average. More comyears, and by age, gender, race, and ethnicity) as would
plete searches were conducted for variables that apbe found when following an actual birth cohort over
peared most important to our estimates of CPB and CE
time. The accuracy of this approximation varied by
once initial estimates were generated. For some varihealth condition. Demographic change, changes in the
ables, experts were consulted to identify best-quality
risk factors for the condition, and changes in competevidence and to provide ranges of estimates when data
ing risks can cause the experience of the
were conflicting or not found. On two occacurrent cross-section to be different from
sions during the course of the study, subjectwhat might be expected of a birth cohort that
area experts from the Centers for Disease
is entering the recommended age for the
See
Control and Prevention reviewed the underpreventive service today. For HIV, the expelying data and the CPB and CE calculations.
related
rience of a recent cross-section may be a
Commentary
particularly poor approximation due to the
on page 66.
Clinically Preventable Burden
changing nature of the epidemic and recent
developments in treatment. Thus, we used
Estimates of CPB based on observations of
current incidence rates and an estimate of
individuals receiving services are not availthe projected burden of HIV given current treatment
able. Instead, CPB must be calculated from disparate
technologies.4
sources. Conceptually, CPB is the burden addressed by
the service multiplied by the effectiveness of the service.
When combined in this way, effectiveness has a very
Data Sources
specific definition: the percent reduction in burden
addressed by the service. Burden addressed by the
Studies were obtained by searching MEDLINE and
service (“addressable burden”), on the other hand, can
HealthSTAR. These searches were supplemented by
vary in definition as long as it is paired with an
citations obtained from experts and reviews of other
appropriate estimate of effectiveness. For example, the
sources, particularly the USPSTF’s Guide to Clinical
3
burden addressed by cholesterol screening could be
Preventive Services, second edition. Only tabulated data
defined as: (1) all cardiovascular disease (CVD), (2) the
from national databases and published estimates were
portion of CVD caused by high cholesterol, or (3) all
used. Many types of data were needed (including, for
CVD (regardless of cause) that occurs in people with
example, incidence rates, effectiveness, and portion of
high cholesterol. The only requirement for a definition
the population at risk), and for each of these and other
of addressable burden is that it includes the entire
basic types of data, variations were necessary for each
burden that can be prevented. Addressable burden
service. Some services required well over 100 separate
could, in the extreme, include all-cause mortality if a
data elements. Given the large number of data elesuitable estimate of cholesterol screening’s ability to
ments required, many data elements were available
reduce all-cause mortality were available. The broader
from only a few sources, and data quality varied signifthe definition of addressable burden, the smaller the
icantly. As a result, all types of evidence were considcorresponding estimate of effectiveness (measured as
ered, and systematic exclusion criteria were not empercent of addressable burden prevented). No differployed. We chose to seek the best estimates given the
ences should be found in the absolute values of CPB for
available data rather than set data quality standards that
Am J Prev Med 2001;21(1)
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cholesterol screening as long as effectiveness and burden correspond to one another.
In practice, there is usually very little choice in
estimates of effectiveness. As a result, the available
effectiveness data typically dictate the definition of
addressable burden for each service. For cholesterol
screening, available measures of effectiveness are from
clinical trials that enrolled individuals with established
high cholesterol; these trials do not distinguish CVD
outcomes by cause (e.g., CVD events attributable to
high cholesterol vs events attributable to high blood
pressure). Therefore, the definition of addressable
burden necessary to arrive at a valid measure of CPB is
all CVD (regardless of cause) in people with high
cholesterol (definition 3 above).

Measuring Burden
For services to be compared in a meaningful way, CPB
must be measured in the same units for all services.
Quality-adjusted life years (QALYs) are a recommended and increasingly common measure of health
outcomes in cost-effectiveness analyses.5,6 QALYs measure health status over time by adding the number of
years of life at full health to years of life lived with illness
or disability, where a year spent with illness or disability
receives a lower weight than a year in full health.
Similarly, QALYs lost is a measure of the consequences of disease or injury in which the years of
premature death (life years lost) are added to years
spent with illness or disability. If a year spent in full
health were valued at 1.0 and a year spent with a
particular disease were valued at 0.60, for example,
then a year of illness caused by the disease would be
calculated at 0.40 QALYs lost (or 40% of a life year
lost).
A small number of tables of disease- and conditionspecific QALY weights7–9 and disability weights10,11
have been published, and each uses different methods
for determining the weights. In these tables, regardless
of method, all but the most severe and least severe
conditions fall in the range of approximately 0.5 to 0.9
for short-duration illness or injury and 0.7 to 0.9 for
chronic conditions. No published table of conditionspecific weights includes all of the health conditions
addressed by the set of clinical preventive services
included in this analysis. For our base-case estimates, we
adopted the midpoints of these ranges: 0.7 for shortterm conditions and 0.8 for chronic conditions.
Compared to perfect health valued at 1.0, an illness
or injury resulting in a QALY weight of 0.7 would
indicate a quality of life lost of 0.3 QALYs per year
(1.0⫺.7⫽0.3). Most weighting systems find that people
without existing medical conditions have a quality of
life of less than 1.0, usually about 0.9. A more precise
measure of the quality of life lost to a medical condition
with a weight of 0.7 would therefore be 0.2. However,
12

rather than re-scaling all years of life lost and all quality
of life lost to a 0.9 scale, we evaluated years of life lost at
1.0 and estimated quality of life lost to morbidity by
subtracting the QALY weight from 1.0. This approximation slightly overstates burden of disease across most
services.
Due to higher rates of comorbid illness, older populations without the health condition of interest are
likely to have a true quality of life weight further from
1.0. The use of 1.0 to approximate the true quality of
life will cause the burden of disease estimates to be
overstated for all fatal conditions regardless of the age
of the target population. However, the approximation
may cause artificial differences across age groups for
morbidity, particularly for a few services where morbidity is substantial. Three services with a high portion of
burden attributable morbidity in younger populations—screening services for newborns, chlamydia
screening, and counseling on infant nutrition—may
have low CPB estimates compared to all other services.
For these services, the 1.0 is a better estimate of the true
quality of life among persons without the condition of
interest. The CPB for these services may be low on a
relative basis because the CPB of other services is
slightly overstated.
Exceptions to the QALY weights were made for those
conditions clearly shown by the available information
to be either more or less severe than for other conditions that fall within the ranges of 0.5 to 0.9 for
short-duration illness and 0.7 to 0.9 for chronic conditions. Base-case estimates were assigned based on review of estimates from the published tables.7–9 Other
exceptions were made when a service’s estimates of
CPB and/or CE were particularly sensitive to the estimate of QALYs lost. These services primarily or exclusively addressed morbidity instead of mortality. For
conditions addressed by these services, published scales
were reviewed to identify more precise base-case estimates. Table 1 lists all the conditions for which alternate weights were used.
Duration of illness or injury was also an important
consideration and logically connected to the QALY
weight. In general, the severity of a condition will
change over time. Ideally, the QALYs lost weight would
be measured at frequent intervals over the duration of
illness, and we would multiply the true incidence by
duration of illness and the average QALYs lost weight.
However, for many acute conditions, we relied on
medical encounters (e.g., hospital inpatient stays, emergency department visits, and other outpatient visits) as
approximations of incidence. The average severity of
disease is likely to vary by type of medical encounter.
When only estimates of emergency department visits or
hospital inpatient stays were available, we presumed
that only the more severe cases were represented and
assigned a longer duration of illness than if outpatient
estimates had been available. Thus, we varied the
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Table 1. Exceptions for quality of life lost (base-case
estimates only)
Condition

QALY weight

Drowning vegetative states
Head injuries
Hip fractures
Short-term recovery
Long-term recovery
Mental retardation
Mild
Moderate
Severe
Infertility
Stroke
Long-term effects of severe irondeficiency anemia
Tooth loss (enough loss to require
dentures)
Long-term effects of untreated
amblyopia in childhood
Vision impairment (older adults)
Hearing impairment (older adults)

.80
.35
.35
.25
.30
.50
.80
.12
.40
.10
.10
.02
.10
.10

QALY, quality-adjusted life year.

average duration of illness according to the type of
incidence data available, rather than varying our standard QALY weight.
Actual data on the duration of morbidity for acute
conditions are rare. Estimates of restricted-activity days
(including, but not limited to days spent in bed, days
lost from work, and days lost from school) have been
tabulated from the National Health Interview Survey.12
For other acute conditions, we assigned duration based
on the perceived severity and likelihood of extended
disability relative to the conditions for which restrictedactivity days have been tabulated.
For chronic conditions, it is generally possible to
identify more-accurate estimates of incidence and duration. Individual studies frequently provide estimates
of annual incidence, though occasionally only point
prevalence estimates could be identified in individual
studies. For many chronic conditions, we used incidence rates and average duration estimates for established market economies from the Global Burden of
Disease Study.13 For a few conditions, duration was
assigned based on life expectancy at the estimated
average age of onset.
Most often we obtained mortality data from U.S.
death tables,14 but in many cases estimates from other
sources, such as studies describing risk-factor attributable deaths, provided more appropriate estimates. For
mortality, the cross-sectional data provided estimates of
the average age at death. We estimated the average
number of years lost at death by subtracting the average
age at death from life expectancy at that age. We used
life expectancy for the general population for all
conditions.
We did not value QALYs realized in the long term

differently than QALYs realized in the short term, but
QALYs are discounted for CE. Decision-makers will
need to decide if they want to place greater weight on
services with immediate or longer-term benefits.

The Impact of
Morbidity Approximations on CPB
The number of approximations necessary to estimate
morbidity prevented across a broad range of clinical
preventive services may raise concerns about the accuracy of estimates of CPB. However, mortality incidence
is the most important variable for most services. In 18 of
30 services, morbidity is ⬍25% of CPB. In two services,
morbidity is 50% and 75%, respectively, of the CPB
estimate. For the remaining 10 services, the morbidity
estimates are 100%. Only for these services does the
choice of QALY weight and duration have a potential
impact on the CPB score, which is extremely unlikely to
change by more than 1 as a result of changes to QALY
weights or duration of morbidity. CE estimates are even
less sensitive to changes in the morbidity components.
With the exception of counseling about the risks and
benefits of hormone replacement therapy, the services
recommended by the USPSTF have minimal potential
harms relative to the benefits. For this reason, harms
are not included in estimates of CPB.

Measuring Effectiveness
As noted above, CPB estimates are based on specific
definitions of effectiveness. Like addressable burden,
effectiveness is not readily available and, thus, must be
calculated in most cases. The actual components involved in measuring effectiveness vary from service to
service.
A general conceptual equation is:
Effectiveness ⫽ (percent who would accept the preventive service once offered) ⫻ (sensitivity of screening
or assessment) ⫻ (adherence with follow-up treatment or advice to change behavior) ⫻ (effectiveness
of prevention, treatment, or behavior change)
In all cases, careful consideration of these components
and the extent to which adherence is accounted for is
necessary. For example, estimates of effectiveness in
clinical trials with disease or mortality endpoints typically involve incomplete adherence with treatment.
However, because the population includes study volunteers who are likely to receive closer follow-up than
would be found in usual care, adherence with treatment may be overstated. In addition, the magnitude of
adherence reported depends on how the data were
analyzed. Estimates based on intention-to-treat (ITT)
analysis15 generally reflect more complete estimates of
Am J Prev Med 2001;21(1)
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adherence than estimates that include only those for
whom follow-up measures were available.
In addition to adherence, the most common type of
missing effectiveness information is effectiveness of
services in preventing nonfatal cases. In most cases,
available estimates of effectiveness in preventing mortality were applied to estimates of morbidity. The
adequacy of this approximation depends, in part, on
the mechanism of prevention. If deaths were averted as
a result of preventing the incidence of disease or injury,
the approximation should be adequate. If deaths were
averted as a result of reducing the case-fatality rate, the
adequacy of the approximation will vary. Among services that prevent both mortality and morbidity, morbidity is a large part of addressable burden in only two
services—newborn screening and counseling on sexually transmitted disease (STD) risks. Therefore, the
CPB estimate is generally not affected by using what is
known about effectiveness in reducing mortality for
both mortality and morbidity.

Effectiveness of Counseling Services
One of the most challenging tasks was estimating the
level of effectiveness of counseling services, where
effectiveness essentially reflects two elements: efficacy
of risk reduction (or the efficacy of behavior change)
and adherence with clinician advice to change behavior. The USPSTF assigned two separate strength-ofrecommendation grades to the counseling services: one
for the efficacy of risk reduction accomplished through
behavior change and another for adherence with clinician advice to modify behavior. A counseling service,
therefore, might receive grades such as A/C, where “A”
corresponds to strong evidence of the efficacy of behavior change and “C” to insufficient evidence of adherence with clinician advice. The majority of counseling
services received strength-of-recommendation grades
of “C” for adherence with clinician advice. Despite
insufficient or weak evidence on adherence with clinician advice, most such counseling services are recommended by the USPSTF if the grade for efficacy of risk
reduction were an “A” or “B” by USPSTF criteria.
For counseling services, we interpreted the USPSTF
recommendations for brief clinician advice to imply
counseling lasting ⱕ5 minutes for the average patient.
No recommendations on the exact frequency of counseling are provided. When assigning adherence estimates, we considered every-other-year delivery to be
feasible. However, the available data are not sufficient
to determine how the frequency of delivery affects
adherence.
A critical consideration was the impact of repeated
advice over the age range recommended by the
USPSTF. The vast majority of literature measures effectiveness of one-time advice (defined as a single counseling session or several sessions in a short period of
14

time). Without periodic counseling, adherence may
naturally decline over time. With periodic counseling,
adherence may still decline over time or be maintained
at short-term levels. It may increase if behavior change
also occurs among individuals who were initially unreceptive to advice, but are at a more receptive stage of
change at the time of subsequent counseling.
We did not apply formal quality-of-study assessment
tools for studies of adherence with brief clinician
advice. However, by any reasonable standard, virtually
all of these studies would be considered limited or
extremely limited in terms of study quality or applicability of study results to calculations of CPB. Limitations
include but are not limited to: lack of a control group
(in some studies, people receiving brief counseling
constituted the control group); large potential for
self-selection of study volunteers; small sample sizes;
large losses to follow-up; very short follow-up; study
populations at greater risk than the general population;
measures of adherence not reported (e.g., results may
be reported as changes in fiber content of diet);
intensive counseling rather than brief counseling; and
self-reported adherence. We divided studies into “lesslimited” and “more-limited” categories on a qualitative
basis. The large differences among studies, the limitations, and the small number of studies made systematic
review impossible. A qualitative review of available
studies is summarized here. Further detail and a complete list of references are available in the detailed
report on the evidence and calculations.2
In general, the estimates we report have been
adapted from those reported by the authors. We used
the studies’ control groups to calculate adherence as
the percent of individuals who would not have otherwise changed their behavior. When possible, we report
the authors’ estimates based on ITT analysis or our own
approximations of ITT analysis.
Counseling adult smokers to quit has the strongest
body of evidence on adherence for any single counseling service. The USPSF gave this service A/B grades.
Most counseling services received A/C grades. A metaanalysis indicated that 2.5% of smokers who would not
have otherwise quit did so following ⱕ3 minutes of
clinician advice (based on short-term follow-up).16 Another review calculated the expected 1-year quit rate
considering the possibility that some smokers would
attend more extensive counseling and/or use nicotine
replacement therapy after brief counseling.17 The results indicate a 3.4% success rate among those who
would have otherwise remained smokers at 1 year. Two
studies of adult smoking-cessation counseling provide
the only direct evidence of the effectiveness of repeated
counseling delivered over several years.18,19 These studies show approximately 30% reductions relative to
controls. However, both studies involved individuals at
high risk for heart disease and date to the early 1970s.
We calculated a rough estimate of adherence with
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advice delivered repeatedly over time (27%) based on
the 1-year adherence estimates cited above, reported
1-year delivery rates for brief counseling, and the
reported changes in adherence over time from the
counseled and control groups in the two long-term
studies. Using the results from sensitivity analysis, we
derived a range for adherence of 17% to 39%.
Five brief counseling services for adults lacked adequate information for estimating adherence with clinician advice. No adherence estimates were found for
counseling on oral health practices, counseling dependent problem drinkers to enroll in a clinical or community treatment program, and counseling individuals
(excluding young children) on injury risks. Only a
small number of “more-limited” studies were found for
counseling on dietary patterns and counseling on the
risks of STDs. (Studies that included STD counseling
following HIV testing were excluded.) Studies of counseling on the risk of STDs seem to indicate that some
positive level of adherence is plausible among high-risk
groups, but contradictory results and lack of control
groups for brief counseling make stronger conclusions
impossible. For a sixth service, physical activity counseling, positive adherence of ⬍10% is indicated by a small
set of “less-limited” studies.
We assigned a range of 0% to 5% adherence for
these six counseling services and used a midpoint
estimate of 2.5% adherence. Figure 2 and Figure 3 in
Coffield et al.,1 in this issue, show these services with a
minimum of 1% adherence in order to depict differences between the services at low levels of adherence.
At 0% adherence, CPB is zero and the CE ratio is
infinite.
We assigned counseling parents on childhood injury
prevention, counseling nondependent problem drinkers to modify their alcohol use, and counseling to
promote daily intake of calcium/vitamin D and folic
acid among women a midpoint adherence estimate of
12.5%. For each of these services, a small cluster of
estimates from studies of varying quality and applicability range from 5% to 20% within a broader range of 0%
to 60%.
The two counseling services for adolescents (counseling to avoid tobacco use and counseling to avoid
alcohol and drugs) both have relatively extensive literatures on one-time classroom interventions, but no
evidence on the effectiveness of clinician counseling.
The evidence on one-time classroom programs, such as
Drug Abuse Resistance Education (DARE), indicates
that the behavior of small proportions of students may
be affected in the short term but not in the long term.
Other studies indicate that programs with multiple
sessions over several grades may have short-term success
rates and possible lower levels of long-term success
rates. In all cases, we cannot rule out the possibility of
zero adherence (short term and long term), given that
these studies do not provide direct evidence on adher-

ence with clinician advice. We assigned ranges of 0% to
2% and used 1% as our midpoint estimate for longterm adherence with brief counseling for these services.
To show the difference between the services at lower
levels of adherence, we used 0.5% as our minimum
level of adherence (Figure 2 and Figure 3 in Coffield et
al.1 in this issue). As used in CPB calculations, 1%
adherence refers to 1% of the 35% (roughly) of
adolescents who would otherwise become adult smokers for some period of time (or 0.35% of all
adolescents).
It is possible that those who do adhere with clinician
advice have a higher or lower risk of illness or injury
resulting from the targeted behaviors than the general
population. For example, individuals with a family
history of heart disease may be more likely to follow
clinician advice to increase physical activity levels.
When calculating CPB, it is implicitly assumed that the
proportion of people who adhere are at average risk.
No data are available to indicate whether or not this
assumption is valid.

Adjusting Burden for Delivery Rate
For each service, CPB was estimated independently of
current delivery of the service to indicate the service’s
total value, rather than the value of improving delivery
over its current level for the U.S. population. For some
services, the addressable burden is estimated by multiplying incidence rates in populations not receiving the
preventive service by the size of the target population;
therefore, no adjustment for the current delivery rate
was necessary. Historical incidence rates were used for
childhood immunizations and the Td booster. These
estimates may overstate burden of disease in the absence of vaccines because better disease control measures and improved treatment might lead to lower
incidence and lower case-fatality rates than were observed prior to vaccine development. Some services
were not adjusted because the current burden of
disease differs from burden of disease at zero delivery
of the preventive service by ⬍1%; this is due to both low
current delivery rates and low levels of service
effectiveness.
For other services, burden at a zero delivery rate was
estimated as BDZDR ⫽ BDCDR ⫹ [1 ⫺ (CDR ⫻ Eff)],
which is derived from substituting equation (2) below
into equation (1) and algebraic manipulation:
BD ZDR ⫽ BD CDR ⫹ BDP CDR

(1)

where BDZDR ⫽ projected Burden of Disease with zero
delivery rate of the clinical preventive service; BDCDR ⫽
currently observed Burden of Disease at the current
delivery rate of the preventive service; and BDPCDR ⫽
Burden of Disease prevented at the current delivery
rate.
BDP CDR ⫽ BD ZDR ⫻ CDR ⫻ Eff
Am J Prev Med 2001;21(1)
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where CDR and Eff ⫽ Current Delivery Rate and
Effectiveness, respectively, of the preventive service.
It is important to note that all of these adjustments
for current delivery rates are limited exclusively to the
services being analyzed. For tobacco cessation counseling, for example, we only adjusted the CPB estimate for
the absence of counseling, not for the absence of all
other interventions and information that help smokers
quit.

Cost Effectiveness
Scores for CE were based on existing CE studies when
available. For purposes of comparability, we searched
for studies that were conducted following the “reference-case” methods recommended by the Panel on
Cost Effectiveness in Health and Medicine (PCEHM)5
and the methods described above for estimating CPB.
We sought studies that had taken the societal perspective, used a 3% discount rate, measured health outcomes as QALYs, and only included time costs associated with receiving the service.
Because the limited number of CE studies that exist
for clinical preventive services did not meet all the
criteria necessary for comparability and were not consistent with the CPB estimates, we developed a systematic method for adjusting CE ratios.20 For each service,
we selected the study that most closely matched the
service description and target population recommended by the USPSTF and followed the PCEHM
recommendations. The study must also have reported
enough detail on costs and outcomes to permit adjustments of results to improve comparability.
We converted costs to 1995 U.S. dollars using the
appropriate consumer price index.21 Costs and outcomes were recalculated using a 3% discount rate.
Where appropriate, time costs associated with receiving
the clinical preventive service were added. We assumed
an average cost of $25 for patient time and travel
expenses for services that required the patient to schedule a separate visit. We added 25% of that cost for
services that could be added on to an already scheduled
visit. No patient time and travel costs were added for
brief counseling or simple screening services. Productivity losses associated with morbidity and premature
mortality were excluded. Medical costs that are not
related to the disease or injury addressed by the service
were also excluded. CE ratios were calculated using a
“no-service” comparator. A more complete explanation of the adjustment process is made available
elsewhere.21
When published estimates were not available, we
used a simplified framework to estimate CE ratios. We
followed the PCEHM guidelines and used data collected from CPB and other sources. We used service
costs and the cost of health conditions from the existing literature. Costs averted were obtained by applying
16

the effectiveness of the service (from the CPB evidence
review) to estimates of the costs of the health condition.
Costs were converted to 1995 U.S. dollars and discounted at 3%. Because these estimates lack the precision of a formal analysis, extensive sensitivity analyses
were conducted.5,6
Most counseling services lacked published CE studies. Thus, we used an average of $5 of clinician time for
patients receiving a brief counseling session. Some
patients will require (or accept) only a few seconds of
counseling, and other patients will seek more extensive
information and advice. Five dollars would cover an
average of 2 minutes per patient, with an hourly rate of
$150 to cover salary and overhead. We assigned from $5
to $25 for the implementation of formal screening
tools, such as a written risk assessment questionnaire or
extensive history taking. In sensitivity analysis, CE ratios
for counseling services were estimated across a range of
delivery frequencies, generally from annual delivery to
delivery every 3 years and across the range of adherence
rates defined in the CPB estimates. CE scores for
counseling services are based on the costs of delivery
once every 2 years and the midpoints of adherence
estimates.
CE ratios are reported as the cost per QALY saved.
The range used for each scoring quintile is reported in
Table 1 of the accompanying article.1

Calculating the Ranking
The CPB and CE “base-case” estimates were sorted and
separated into quintiles (Table 2 of accompanying
article1). Each service was assigned a CPB score and a
CE score, each ranging from 1 to 5 (according to
quintile), with 5 being the best possible score. Services
with the highest CPB were assigned a CPB score of 5,
and services with the lowest CE ratios were assigned a
CE score of 5. These scores were added to give services
a total score on a possible scale of 2 to 10 (integer
values only). In addition to total scores, individual CPB
and CE scores are presented for each service to allow
decision-makers to consider each criterion separately.
Because of the uncertainty in CPB and CE estimates,
this ordinal scoring method provides an indication of
the relative value of services within broad categories
rather than ranking all services based on CPB and CE
point estimates. However, addition of ordinal scales
may result in spurious total scores.22 Thus, it is
possible that investing in improving delivery of a
service with a CPB-CE score combination of 3-4 is a
worse decision than investing in service with a score
combination of 4-2. This is because the loss in the CE
score of 2 (moving from the fourth to the second
quintile in the distribution of CE ratios) may be less
important than increasing the score by 1 in the CPB
scale (from the third to the fourth quintile of the
CPB scale).

American Journal of Preventive Medicine, Volume 21, Number 1

Sensitivity Analysis
Sensitivity of scores to changes in the values of the
underlying CPB and CE variables was assessed for all
services. We reported ranges of CPB and CE in Figure
2 and Figure 3 of the companion article in this issue,
Coffield et al.,1 using the methods described below. We
also identified the services with scores that are particularly sensitive to underlying data estimates.

CPB and CE Estimates
For all but the most certain variables, we defined
plausible ranges for each data point using the base case
as the midpoint. We then conducted two series of
single-variable and multiple-variable sensitivity analyses
to identify the three variables that collectively cause the
largest change in CPB and CE estimates. We call these
the “most influential” variables. We calculated a range
of CPB and CE estimates based on the highest and
lowest estimates for the set of the “most influential”
variables.
Because the CPB and CE estimates are derived from
variables that may be related to one another, two
factors must be considered. First, although changes in
the value of an individual variable may not substantially
influence the CPB or CE, changes in all related variables may substantially influence the estimates. Second,
because the variable is related to others, it is likely that
an under- or over-estimate of the value of one variable
may result from systematic bias in the measurement of
all related variables. For example, if there are ten or
more causes of mortality in an estimate of QALYs lost
for a particular service (e.g., tobacco cessation counseling), no single component of mortality is likely to have
a substantial impact on either the CPB or the CE
estimates. However, the sources of mortality data or the
population-attributable fractions may be systematically
biased, causing a substantial adverse impact on the CPB
or CE estimate.
To guard against systematic error in CE estimates, we
ran a second series of sensitivity analyses in which we
grouped related variables (e.g., total discounted QALYs
lost, total discounted intervention costs, total discounted costs of illness, and total adherence) and
treated the group as an individual variable. If a group
variable was more influential than any one of the three
“most influential” variables from the first series of
sensitivity analyses, it was substituted for the least influential of the most influential variables. For CPB, we
analyzed the potential for systematic error in the components of QALYs lost (mortality incidence, average life
expectancy, morbidity incidence, morbidity duration,
and morbidity QALY weight), rather than total QALYs
lost.
CE estimates based on adjustments to published
estimates required a different strategy because we did

not reconstruct the model from each data point; studies virtually never reported all data points. For adjusted
CE ratios from published studies, we report ranges
based on the two most influential variables among total
discounted costs, total discounted savings, and total
discounted QALYs saved. We generally used a 25%
variation in these aggregate variables, but used 10% to
50% variation to reflect the reliability of the main data
source(s).

Sensitivity of Scores
A change in the score of one service will always affect
the score of another service, as one service “bumps”
another from its quintile. However, a change in the
CPB or CE estimate of one service does not always
change its score. In this way, the scoring system protects
a service’s ranking and the rankings of other services
from small to moderate changes in the estimates. Large
changes in estimates— either from changes to a single
very influential variable or changes to several less
influential variables—may be possible, and numerous
scenarios exist in which the score of one service (and at
the same time another service) will change. Most
services could experience a small change in score; thus,
differences in total scores of only 1 must be treated with
caution.
One or two influential variables that are particularly
uncertain may cause CPB, CE, or both, to be particularly sensitive for some services. In a subset of these
cases, the plausible changes in the variables may cause
changes in total scores of ⱖ2, thereby affecting the
scores of more than one other service. We have indicated these services in Table 2 of the accompanying
article.1 In Figures 2 and 3 of the same article, these
services generally have wide ranges of uncertainty in
the underlying CPB and CE estimates. In most of these
cases, the uncertainty is due either to uncertain estimates of adherence in counseling services or to uncertain estimates of QALY weights or duration of chronic
conditions in services that do not prevent deaths.
For two of these services—screening for problem
drinking and counseling and ocular prophylaxis for
newborns—the large degree of uncertainty comes from
very unstable CE ratios. In both, the costs of prevention
and potential cost savings are large, but the discounted
net costs are small. Small changes in either the costs of
prevention or costs saved produce large percentage
changes in net costs. Uncertain estimates of adherence
contribute to the instability of the CE ratio of screening
for problem drinking, and a very small denominator
(discounted QALYs saved) contributes to the instability
of the CE ratio for ocular prophylaxis. Due to the
instability, these CE ratios could plausibly take on
values consistent with any of the CE quintiles, and any
point estimate of the CE ratio is nearly arbitrary.
Am J Prev Med 2001;21(1)
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Therefore, these services have been assigned the middle CE score of 3.

Discussion
A number of key findings emerged from this study and
have been discussed; some of the more important ones
are summarized here. First, to estimate CPB for a birth
cohort, the definition of addressable burden is determined by available effectiveness data. Second, data
needs were larger than expected, primarily due to the
number of health conditions addressed by each service,
but also due to multiple components of effectiveness,
including adherence at more than one level. We found
that establishing the magnitude of effectiveness is more
difficult than establishing effectiveness. Third, all variables necessary to calculate CPB are not equally important; QALY weights and the duration of nonfatal disease and injury are relatively insignificant to the results
when making comparisons across a wide range of
preventive services, most of which prevent deaths.
In addition, adherence is the most important variable determining the ranking of counseling services,
which make up almost half of the services in the
analysis. (Services commonly referred to as “chemoprophylaxis,” such as folic acid and calcium/vitamin D
intake, fall neatly into the category of counseling when
the components necessary to measure the magnitude
of effectiveness— efficacy of the “behavior” and adherence with clinician advice—are considered.) Yet the
literature available to estimate adherence for counseling services is small and limited in quality, particularly
for brief counseling delivered repeatedly over time.
Very low levels of adherence (e.g., ⬍1%) do not
indicate that a service is ineffective. In fact, very small
levels of adherence can have a substantial effect on
population health, and small absolute changes in adherence (from 1% to 2%) can have a large impact on
estimates of CPB and CE. Counseling adolescents about
tobacco use was assigned the lowest adherence, which
some might equate to zero, yet ranked at the top of the
list of services. We strongly encourage more study of
patient adherence with repeated, brief clinician advice
in order to reduce uncertainty in decision-making.
However, as previously reported, extremely large trials
may be required for some counseling services to demonstrate statistically significant improvements in health
outcomes at the low levels of adherence that produce
cost-effective counseling.23 In some cases, evidence of
the effectiveness of clinician counseling may only be
possible from modeling; waiting for definitive evidence
is tantamount to never improving delivery of these
services.
Some of the limitations to the methods used to
prioritize services are addressed in the accompanying
article1 but are briefly reviewed here. For example, not
all considerations important for decision-making, such
18

as ease of increasing delivery rates and the distribution
of health benefits to high-risk groups, are included in
the ranking. Comparing the rankings to national delivery rates also provides an adequate indication of what
national priorities should be, but local decision-makers
will need to consider their own current delivery rates.
In addition, the methods assume that all people are
seen by clinicians on a regular basis, which inflates the
estimates. This may be insignificant in a comparison of
services’ value, but important when considering what
delivery rates to improve first. As mentioned in this
article, adding scores for CPB and CE may result in
spurious scores; thus, decision-makers may want to
consider each criterion separately. Finally, these methods do not eliminate uncertainty about services’ relative
value, but uncertainty is definitely minimized by the
scoring system.
Feasible improvements to some of the methods include using our own cross-tabulations from national
data sets rather than relying on published estimates. At
the outset of this analysis, the vast number and types of
variables needed were not predicted, but researchers
will be better prepared for future analyses. Expert
panels, rather than individual subject experts, could
also be used to estimate missing data. Finally, we could
conduct more precise modeling techniques and Monte
Carlo simulations in sensitivity analysis. These improvements would add marginal precision. The most uncertain estimates are due to uncertain data, and expert
panels and other improvements may not decrease the
level of uncertainty.
Researchers are urged to pay careful attention to the
components necessary to measure CPB. Careful collection and reporting of patient adherence at all levels, the
training of clinicians involved in trials, and frequency
and duration of morbidity observed in addition to
mortality would result in more precise syntheses of CPB
and aid CE analyses. Specifically for estimates of adherence, more attention to selectivity bias of volunteers,
reporting loss to follow-up and ITT analysis, and contamination of control groups would be helpful. The
time path of quality-of-life changes for health conditions (such as hearing and vision loss, infertility, and
hip fractures) is also needed, as is better incidence data
for injuries, chlamydia infection, and other STDs.
Needed cost estimates include the costs of brief counseling and the costs of brief screening instruments
(such as the CAGE screen24 recommended by the
USPSTF). Data on the efficacy of behavior changes
(e.g., becoming physically active or, in particular,
changing dietary practices) could also be strengthened.
To determine where to focus efforts to improve the
delivery of preventive services, decision-makers need
data syntheses that move beyond whether or not services are effective. These data syntheses must include as
much of the available data as reasonably possible,
summarize these numerous data points as meaningful
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measures of each service’s value, evaluate each service
in a consistent manner to improve the validity of
comparisons across services, and present the results in
a useful format that does not grossly overstate estimates’ precision. To our knowledge, this is the first
work to address these needs across a broad range of
recommended preventive services. Alternative methods
could have been chosen; those used here should serve
as a strong foundation on which to build future efforts.
Future analyses might narrow their focus to specific
populations or widen their scope to include community
preventive services.
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