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riorities Among Effective Clinical
reventive Services
ethods

ichael V. Maciosek, PhD, Nichol M. Edwards, MS, Ashley B. Coffield, MPA, Thomas J. Flottemesch, PhD,
innie W. Nelson, PharmD, Michael J. Goodman, PhD, Leif I. Solberg, MD

bstract: Decision makers want to know which healthcare services matter the most, but there are no
well-established, practical methods for providing evidence-based answers to such questions.
Led by the National Commission on Prevention Priorities, the authors update the methods
for determining the relative health impact and economic value of clinical preventive
services. Using new studies, new preventive service recommendations, and improved
methods, the authors present a new ranking of clinical preventive services in the
companion article. The original ranking and methods were published in this journal in
2001. The current methods report focuses on evidence collection for a priority setting
exercise, guidance for which is effectively lacking in the literature. The authors describe
their own standards for searching, tracking, and abstracting literature for priority setting.
The authors also summarize their methods for making valid comparisons across different
services. This report should be useful to those who want to understand additional detail
about how the ranking was developed or who want to adapt the methods for their own
purposes.
(Am J Prev Med 2006;31(1):90–96) © 2006 American Journal of Preventive Medicine
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number of well-known national guidelines out-
line the clinical preventive services that patients
should receive, and are often based on the

areful analysis of scientific evidence of effectiveness.
or both clinicians and organizational decision makers,
owever, knowledge that a clinical preventive service is
ffective is not sufficient to set priorities for increasing
he delivery of preventive care. Resources (including
linician and patient time) are limited, and preventive
ervices can differ markedly in their health impact and
osts. Clinicians, organizations, and patients need to
now which preventive services matter the most. In
001, a priority ranking of 30 clinical preventive ser-
ices recommended by the second U.S. Preventive
ervices Task Force (USPSTF) was presented based on
heir relative value to the population of the United
tates.1 Continuously evolving literature and new rec-
mmendations by the current USPSTF make the first
anking increasingly outdated. This article describes
he approach used to update that ranking.

rom the HealthPartners Research Foundation (Maciosek, Edwards,
lottemesch, Nelson, Goodman, Solberg), Minneapolis, Minnesota;
nd Partnership for Prevention (Coffield), Washington DC
Address correspondence and reprint requests to: Ashley B.
h
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uite 200, Washington DC 20036. E-mail: acoffield@prevent.org.
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New studies, new recommendations, and improved
ethods were used to produce an updated ranking.
he 2001 methods2 were adequate for an initial effort

o inform priority setting among clinical preventive
ervices, and have been proposed for use in other
ndeavors.3,4 However, these new methods take advan-
age of what was learned previously about data needs
nd availability, and they address constructive criticisms
f the first round, in particular the need for more
ystematic literature collection and data abstraction.

The National Commission on Prevention Priorities
NCPP), a 30-member panel convened by Partnership
or Prevention, and consisting of researchers, health
lan executives, employers, and state and federal
ealth officials, guided the study and will guide future
pdates. The NCPP chose to base the ranking on the
ame measures used previously, as follows: (1) clinically
reventable burden (CPB), which measures a service’s
ealth impact, and (2) cost effectiveness (CE), which
easures a service’s economic value.
The scope of the study chosen by the NCPP applied

nly to primary and secondary preventive services,
ncluding immunizations, screening tests, counseling,
nd preventive medications offered to asymptomatic
eople in clinical settings. This included (1) clinical
reventive services recommended by the USPSTF
hrough December 2004 for the general asymptomatic
opulation and for persons at high risk of coronary

eart disease, and (2) immunizations recommended by

0749-3797/06/$–see front matter
ed by Elsevier Inc. doi:10.1016/j.amepre.2006.03.011
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he Advisory Committee on Immunization Practices
ACIP) through December 2004 for the general
opulation.
The primary challenge of priority setting was deriv-

ng consistent estimates of a service’s CPB and cost
ffectiveness using disparate data. Obvious differences
mong immunizations, screening, and counseling com-
licate this task. Preventive services also differ in the
ize of their target populations, frequency of delivery,
nd complexity of achieving the intended health
enefits.
A related challenge was evidence collection. The

iterature provided little methodologic direction about
ollecting and summarizing the many types of data
seful to decision makers. In gathering data for their
odels, authors of many cost-effectiveness studies con-

uct reviews and summarize data needed for decision
aking. However, their search strategies and evidence

ummaries are rarely systematic or well documented. In
he previous study, searches were conducted that were
imilar to comprehensive cost-effectiveness studies. For
he current study, standards were developed to ensure

systematic and transparent process for searching,
racking, and abstracting literature for a priority-setting
xercise.
These standards are described here for others who

ish to use systematic searches to develop comparable
nformation for decision makers. To provide context to
hese standards and as a reference for those wishing to
nderstand the ranking, methods used to develop
onsistent CPB and cost-effectiveness estimates are first
ummarized; these remain largely unchanged from the
arlier analysis.2 Readers will find a more detailed
iscussion of these methods in the previous methods
eport2 and the complete methods technical report for
his update, which is available online.5

stimating a Service’s Health
mpact and Economic Value
linically Preventable Burden

linically preventable burden was defined as the total
uality-adjusted life years (QALYs) that could be gained

n a typical practice if the clinical preventive service
ere delivered at recommended intervals to a U.S.
irth cohort of 4 million individuals over the years of

ife that a service is recommended. This definition has
ve embedded principles to promote consistency in the
stimation of CPB across clinical preventive services.

. Clinically preventable burden should include both
morbidity and mortality prevented by the service;
thus, CPB was measured in terms of QALYs saved.
QALYs saved combine years of life gained with
improvements in health-related quality of life into a
single metric.6,7 Thus, the number of deaths averted,

additional years of life gained per averted death, and

uly 2006
the seriousness and duration of illnesses and injuries
averted were all considered.

. Clinically preventable burden should reflect the
total potential health benefits from the service
among both those currently receiving the service
and the rest of the target population. For a service
with high effectiveness and high delivery rates, the
remaining burden of disease in the U.S. population
may be relatively small. By using total health benefits
rather than the benefit gained from increasing
delivery rates, the overall importance of a service was
reflected in the ranking, and effective, well-used
services were not undervalued. The estimates reflect
the benefit of providing each service, given current
delivery rates for any related service in the ranking.
Because the childhood primary diphtheria–tetanus–
attenuated pertussis (DTaP) series is delivered to
85% of the target population, and 95% receive three
doses, the estimates for the tetanus–diphtheria (Td)
booster is, essentially, incremental to the provision
of the primary series.

. Clinically preventable burden should take into ac-
count expected patient adherence for every service.
This was important because it provided a realistic
estimate of the expected value of the service when
the service is offered as part of usual care. The
components of patient adherence included accept-
ing a service once it is offered by a clinician as well as
completing follow-up treatments and making
needed changes in behavior.

. Clinically preventable burden was measured for a
birth cohort of 4 million that is representative of the
U.S. population. The size of the current population
for which a service is recommended depends on the
size of the birth cohorts that have reached the
recommended age range for the service. To reduce
this variability among services, CPB was estimated for
all services for a hypothetical average birth cohort of
4 million, since recent birth cohorts have been
approximately that size.8 As an alternative, the NCPP
considered using a cross-sectional approach to mea-
sure CPB in 1 year across the entire age group for
whom the service is recommended. This approach
would measure the benefit of providing the service
to those currently in the recommended age group.
The birth-cohort approach was chosen because it
reflects the benefit of the service going forward in
time, which is consistent with most cost-effectiveness
studies.

. Clinically preventable burden should measure the
cumulative benefit of offering the service over the
recommended age range at recommended intervals.
Some services require only a single intervention
(e.g., pneumococcal vaccination) while others re-
quire many repetitions (e.g., breast cancer screen-
ing) to achieve their full benefit. To account for a

service’s full benefit, the cumulative benefits of

Am J Prev Med 2006;31(1) 91
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multiple contacts have been estimated. For example,
the CPB of screening for colorectal cancer included
the benefits of repeated screenings over several
years, and the CPB of tobacco-cessation counseling
incorporated the benefits of multiple attempts to
engage smokers in cessation activities.

Precision in building CPB estimates that reflect these
rinciples was limited by available data. The previous
ethods report2 and the methods technical report5

rovide detail on how consistent CPB estimates were
eveloped while addressing common data limitations.
echnical reports for each service that describe the

imitations particular to each service in meeting these
rinciples are also available (prevent.org/ncpp). The
echnical reports for colorectal cancer screening, influ-
nza vaccinations for adults, and tobacco-cessation
ounseling are summarized in the accompanying arti-
les.9–11 These services demonstrate the range of chal-
enges in deriving consistent estimates of CPB from
vailable data for screening, immunization, and coun-
eling services.

ost Effectiveness

he definition of cost effectiveness was the average net
ost per QALY gained in a typical practice by offering
he clinical preventive service at recommended inter-
als to a U.S. birth cohort over the recommended age
ange. Average cost effectiveness is defined as incre-
ental to no provision of the service, but assuming

urrent delivery rates of any related service in the
riority ranking. As with CPB, the cost-effectiveness
stimates of the Td booster is essentially an incremental
stimate to the childhood DTaP series that is widely
elivered.
Like CPB, cost effectiveness reflected the provision of

he service to the entire target population rather than
he marginal cost effectiveness of extending delivery to
hose not currently receiving the service. Cost effective-
ess also incorporates both morbidity and mortality.
osts and QALYs were discounted in the cost-
ffectiveness ratio (QALYs are not discounted in CPB).
hese cost-effectiveness estimates also reflected imper-

ect patient adherence and were estimated over the
ifetime of a U.S. birth cohort rather than across the
urrent U.S. cross-section.

The comparability of these cost-effectiveness esti-
ates across services was improved by adhering to the

rinciples of the “reference case” defined by the Panel
n Cost Effectiveness in Health and Medicine
PCEHM)7 and by standardizing all cost-effectiveness
atios to year 2000 dollars. Among the PCEHM
eference-case methods that have the largest impact on
he cost-effectiveness estimates were the use of a 3%
iscount rate and the use of a societal perspective,
hich includes time costs to receive services but not the

alue of time gained through prevention. The PCEHM s

2 American Journal of Preventive Medicine, Volume 31, Num
eference case excludes the value of time gained (such
s productivity gains) through prevented death or
llness for most analyses even when using the societal
erspective. Although the PCEHM recognized that

ncluding the value of such time may be appropriate in
ome analyses, depending on how quality of life is
easured, it was excluded from this current analysis to
aintain comparability in the cost-effectiveness esti-
ates among services.
For each service, an estimate of cost effectiveness was

eveloped in one of two ways. Both approaches are
emonstrated in at least one of the accompanying
rticles on colorectal cancer screening, influenza vacci-
ations, and tobacco-cessation counseling.9–11 For
ome services, an existing cost-effectiveness estimate
rom the literature was used. However, adjustments had
o be made to the published cost-effectiveness ratio so
hat it better reflected the principles outlined above,
nd thereby was more comparable to cost-effectiveness
stimates for other services in the ranking. For exam-
le, time costs often had to be added for individuals to
eceive the service and any follow-up activities. Pub-
ished cost-effectiveness ratios were adjusted to year
000 dollars as needed to express all cost-effectiveness
atios in the same base year.

When there was no published cost-effectiveness esti-
ate that yielded an estimate consistent with the prin-

iples outlined above, a new cost-effectiveness estimate
as produced from a cost-effectiveness model that was
ased on these CPB estimates. Most of the cost-
ffectiveness estimates (19 of 25) were based on exten-
ions of the CPB models. The approach to estimating
ost-effectiveness ratios differed from standard Markov
odels in three ways. First, cost-effectiveness ratios
ere calculated at the population average rather than
t the individual level using a hypothetical population
ith a defined distribution of characteristics and events.
econd, the health benefits were calculated as the
umulative expected benefits rather than through year-
y-year transition probabilities. For example, the bene-
ts of cholesterol screening were estimated based on
verage long-term adherence with therapy and the
ong-term efficacy of therapy in preventing heart dis-
ase rather than through yearly probabilities of contin-
ed adherence and the projected benefits of 1-year
dherence on future heart disease events and associ-
ted costs. Third, the estimates were based on the
verage experience of patients as reported in the
ffectiveness literature rather than models of each
pecific clinical pathway that different patients may
xperience and the probability of each pathway. The
ccompanying articles on influenza vaccinations and
obacco-cessation counseling demonstrate this ap-
roach in a journal article format.9,10 Readers who wish
o see exactly how calculations were performed may
onsult the technical reports for these and other

ervices.

ber 1 www.ajpm-online.net
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Overall, the approach incorporated thorough litera-
ure reviews, addressed sensitivity analysis, and adhered
o all the above mentioned standards consistently, thus

aking these findings an improvement over the cur-
ent amalgam of cost-effectiveness reports, which are
ifficult to compare to one another.

ata Collection and Analysis
earch Strategies

ecause thousands of data points must underlie the
riority ranking, and resources and time were limited,
here were two primary challenges: (1) devise a search
trategy that captures the vast majority of evidence
hile minimizing the resources spent gathering and
valuating estimates that add little precision to the
anking, and (2) provide transparency for the search
trategy.

As a matter of practicality in meeting these objectives,
wo standardized search strategies were developed, one
or effectiveness and cost-effectiveness data, and a sec-
nd for burden of disease and cost data (Tables 1 and
). Each strategy defined four levels, where Level 1
ncluded the most current literature and data sources,
nd each subsequent level extended to older sources
nd those less likely to yield useful data. For each
ariable, data were searched at Level 1. The quantity
nd usefulness of data found were evaluated, and the
earch was extended to the next level if it were likely to
mprove the estimate of CPB or cost effectiveness.

This approach allowed us to be pragmatic in expend-
ng resources on literature searches and at the same

able 1. Standardized search strategies: effectiveness and co

evel 1 Level 2

earch PubMed
Limit to English language.
Limit to MeSH major terms,

title word terms, and
phrases.

Back to 1992 (01/01/92).
Exclude publication types—

editorial, comment, news,
and letter.

Search PubMed
Limit to English language
Limit to text word terms.
Back to 1992 (01/01/92)
Exclude publication type

editorial, comment, ne
and letter.

earch Cochrane back to 1992. References from major artic
identified in Level 2.

btain systematic review
articles published back to
1992.

btain articles used as part of
the review that were
published back to 1987.

eferences from major articles
identified in Level 1.

Search one or more of the options listed in level.
ime make explicit the point at which this search for n

uly 2006
vidence was terminated. The search levels used are
eported in each service’s technical report, and a
ecord was kept (available on request) of the specific
earch strategies (e.g., Medline keywords and limits) for
ach service.
Non-U.S. cost-effectiveness studies were not excluded
priori. However, they were not considered until U.S.

tudies were reviewed and found to be inadequate for
se in developing a cost-effectiveness estimate that is
omparable to other services. The utility (as defined in
he next section) of any available non-U.S. study was
eighed against the limitations of inaccurate currency
onversion and potentially poor generalizability of re-
ource use from non-U.S. healthcare systems to a
riority ranking for U.S. populations. Only one non-
.S. cost-effectiveness study was used in the 2001 rank-

ng and none was used in the current ranking.

valuation of Literature

s with other systematic reviews of preventive ser-
ices,12–14 literature abstraction forms were used to
nsure the consistent evaluation of the effectiveness
nd cost-effectiveness literature. The abstraction forms
ere designed to have flexible data-entry capabilities to
llow the form to be used across many different services
ith text boxes for open-ended abstractor comments
nd few check boxes. The effectiveness abstraction
orms included standard elements such as population,
nvironment, statistical significance, and threats to
nternal and external validity. The forms also prompted
eviewers to record data on all components of effective-

ctiveness

Level 3a Level 4a

Search PubMed
Limit to English language.
Limit to MeSH major

terms, title word terms,
and text word terms.

Back to 1987 (01/01/87).
Exclude publication

types—editorial,
comment, news, and
letter.

Search PubMed
Limit to English language.
Limit to text word terms.

Other knowledge-based
information databases
(literature databases).

Search general web

Association websites
(American Heart
Association, American
Cancer Society, etc.)

Search PubMed for English
abstracts from all
languages.
st effe

.

.
s—
ws,

les
ess including adherence with offers to receive the

Am J Prev Med 2006;31(1) 93
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ervice, the portion of cases detected by screening,
dherence with follow-up, and the effectiveness of the
ervice or follow-up treatment. When there was insuffi-
ient direct evidence on the effectiveness of the pre-
entive services in preventing all important diseases and
ortality, searches were expanded to cover these com-

onents of effectiveness.
The cost-effectiveness abstraction forms were based

n forms developed for the Guide to Community Preven-
ive Services,13 with modifications for use with the liter-
ture on clinical preventive services. The sections of the
orm summarize article information regarding the
tudy population (usually characteristics of a hypothet-
cal population for a model), study or model design as
ppropriate, the epidemiologic parameters underlying
he model (e.g., incidence rates, effectiveness, screen-
ng sensitivity, and specificity), the dollar value of costs
sed in the model, detailed information on what costs
ere included and how measured (e.g., paid amounts,
harges, Medicare payments, cost accounting), model
esults, and sensitivity analysis.

In pilot work, abstraction forms for data on disease
nd costs were tested and found to be of too little utility
elative to the study resources that their use required.
herefore, the pilot forms were not refined for use in

able 2. Standardized search strategies: burden of disease an

evel 1 Level 2

ational data sets Search PubMed
Limit to English language.
Limit to MeSH terms and

phrases.
Back to 1998 (01/01/98).
Exclude publication

types—editorial,
comment, news, and
letter.

overnment websites (CDC,
NIH, AHRQ, etc.)

Association websites
(American Heart
Association, American
Cancer Society, etc.)

earch PubMed
Limit to English

language.
Limit to MeSH major

terms and title word
terms.

Back to 1998 (01/01/98).
Exclude publication

types—editorial,
comment, news, and
letter.

Data sources referenced by
articles identified in
Level 2.

ata sources referenced by
articles identified in
Level 1

Search one or more of the options listed in level.
HRQ, Agency for Healthcare Research and Quality; CDC, Centers
he study. For disease and cost data, the most important t

4 American Journal of Preventive Medicine, Volume 31, Num
ieces of information from articles are about the pop-
lation in which they were observed, the manner in
hich costs were measured and disease cases identified,
nd the components of care included in the cost
stimates. This information was entered into a simple
preadsheet by a single reader unless it was part of an
bstracted cost-effectiveness article. By comparison, ef-
ectiveness and cost-effectiveness articles required a
ormal abstraction tool and two abstractors to ensure
roper recording of the details of intervention design,
tudy design, and analysis.

Both the effectiveness and cost-effectiveness abstrac-
ion forms included an evaluation of study usefulness
or the purpose of completing a ranking of clinical
reventive services. Six criteria were used in the effec-
iveness abstraction form, and five in the cost-
ffectiveness abstraction form (Table 3). Reviewers
ated each study on a simple 3-point scale for each
riterion and entered a brief explanation for the scores.

total “utility score” was calculated as an unweighted
verage of the individual scores.

Reviewers distinguished between study usefulness
nd study quality. Usefulness described the value of the
rticle in providing data point(s) that could be used to
enerate a CPB or cost-effectiveness estimate according

st

evel 3 Level 4a

arch PubMed
Limit to English language.
Limit to MeSH major

terms, title word terms,
MeSH terms and
phrases.

Back to 1990 (01/01/90).
Exclude publication

types—editorial,
comment, news, and
letter.

Search PubMed
Limit to English language.
Limit to text word terms

(search only as
appropriate i.e., if it
would represent current
health status).

ata sources referenced by
articles identified in
Level 2.

Other knowledge-based
information databases
(literature databases).

Search general web.

HealthPartners’ data.

sease Control and Prevention; NIH, National Institutes of Health.
d co

L

Se

D

o the definitions applied consistently across services.

ber 1 www.ajpm-online.net
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ome markers of study quality were important for this
etermination, including those related to the internal
nd external validity of the study.15–19 However, higher-
uality studies may have been less useful for these
urposes, and lower-quality studies may have been
seful if they provided a key piece of data that was not
reatly affected by the study’s quality shortcomings.
The utility scores were not used directly to calculate

PB, cost effectiveness, or the ranking. Instead they
ere used as a “red flag” when reviewing the data that
ere abstracted from each study. Lower scores warned

he study team to carefully review the study before
sing the study results to estimate CPB or cost effective-
ess. In addition to the criteria rating shown in Table 3,
tudies could be flagged with a “fatal flaw,” indicating
hat the reviewer believed that the study results were
ot suitable for estimating CPB or cost effectiveness

able 3. Evaluation of study usefulness

ffectiveness Cost effectiveness

tudy population
Consistency with

recommended
service age group

Generalizability to
U.S. population

Study population
Consistency with recommended

service age group
Generalizability to U.S.

population

ervice definition
Consistency with

USPSTF
technology

Consistency with
recommended
frequency of
delivery

Service definition
Consistency with USPSTF

technology
Consistency with recommended

frequency of delivery

eporting
Completeness and

clarity

Reporting
Completeness and clarity

esign
Adequacy of study

design and study
measures to
generate reliable
estimates

Adequate sample size

Design
Consistency with PCEHM

reference case methods

mplementation
Consistent with

design

Sensitivity analysis
Completeness and clarity of

sensitivity analysis in
identifying variables
influential to average CE
ratio

valuation/analysis
Appropriate statistical

analysis
Adequate control of

potential selection
bias and other
population
differences

E, cost effectiveness; PCEHM, Panel on Cost Effectiveness in Health
nd Medicine; USPSTF, U.S. Preventive Services Task Force.
ue to a critical quality concern. m

uly 2006
Two reviewers abstracted each article. Seven individ-
als served as abstractors, including three PhDs whose
pecialty areas include economics and statistics, an MD,

PharmD, and four individuals holding master’s de-
rees in health services research and public health. An
djudication meeting was convened at which reviewers
iscussed discordant entries and reached agreement on
final adjudicated abstraction form, which included a

imple average of the reviewers’ utility scores. Agree-
ents were reached based on discussion among the

eviewers and a third member of the study team who
onvened the adjudication meeting. Discordant entries
sually fell into one of the following areas: error in data
ntry, error in interpretation of text or tables, or
ncertainty of interpretation due to unclear reporting

n the article. Discordant entries of the third type were
esolved by mutual agreement on the interpretation
hat was most likely to be correct.

iscussion

hese methods differ from the standard approaches
sed in many systematic literature reviews. In part, this

s because many preventive services were evaluated,
ather than a single service, not to determine individual
ffects, but to determine how effective they are relative
o others. In addition, a systematic evaluation of cost
ffectiveness was required. The simplified models dem-
nstrated in the companion articles on colorectal can-
er screening, influenza vaccinations, and tobacco-
essation counseling were designed to ensure
onsistency across a large number of services under the
onstraint of limited resources.9–11

To accommodate the differing characteristics of
any services, a system was designed that balanced

onsistency in principles with flexibility in application.
t is impractical to enumerate the differences in appli-
ation among the services in a single document. In-
tead, details are available online in technical reports
or each service (prevent.org/ncpp).

The rankings may lack reproducibility because of
mbedded subjective judgments. To produce the best
ossible estimates, the methods allowed for judgments
o accommodate the diversity of data needs and the
isparity in data availability among the different ser-
ices. Judgments were necessary when identifying the
ost appropriate data within articles, determining
hen an estimate from a marginally applicable study
dds to or detracts from a small body of evidence, and
aking decisions about secondary outcomes or treat-
ent options that were too insignificant to the value of

he service to justify an extensive literature review. The
oal was to limit the impact on final results by keeping
ubjective judgments within the margin of error inher-
nt in the available data. These decisions have been

ade explicit in each service’s technical report.

Am J Prev Med 2006;31(1) 95
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Detailed complex models are surely better for mic-
olevel decisions, such as what frequency, which target
opulation, and which technology would produce the
reatest benefits and least costs for a particular preven-
ive service. These models address the decision makers’
eed for data syntheses that summarize many data
oints in meaningful measures of impact and value,
roduce comparable results, do not overstate the pre-
ision of the estimate, and do all of this within a
easonable period of time and at a reasonable cost.

We plan to use increasingly sophisticated modeling
echniques over time as we continually update the
anking for the purpose of providing policymakers with
ore population-specific information. However, to our

nowledge, this continues to be the only effort to
roduce and summarize comparable estimates across a
road range of recommended preventive services. Al-
ernative methods could be used and should be ex-
lored alongside these with the goal of finding the
odels that best meet decision makers’ need for infor-
ation about which clinical preventive services matter
ost.

e gratefully acknowledge the guidance of the National
ommission on Prevention Priorities. This work was sup-
orted by the Agency for Healthcare Research and Quality
nd the Centers for Disease Control and Prevention.
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