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epeated Tobacco-Use Screening and Intervention in
linical Practice
ealth Impact and Cost Effectiveness

eif I. Solberg, MD, Michael V. Maciosek, PhD, Nichol M. Edwards, MS, Hema S. Khanchandani, MPH,
ichael J. Goodman, PhD

ackground: This report updates 2001 estimates of disease burden prevented and cost effectiveness of
tobacco-use screening and brief intervention relative to that of other clinical preventive
services. It also addresses repeated counseling because the literature has focused on single
episodes of treatment, while in reality that is neither desirable nor likely.

ethods: Literature searches led to four models for calculating the clinically preventable burden of
deaths and morbidity from smoking as well as the cost effectiveness of providing the service
annually over time. The same methods were used in similar calculations for other
preventive services to facilitate comparison.

esults: Using methods consistent with existing literature for this service, an estimated 190,000
undiscounted quality-adjusted life years (QALYs) are saved at a cost of $1100 per QALY
saved (discounted). These estimates exclude financial savings from smoking-attributable
disease prevented and use the average 12-month quit rate in clinical practice for tobacco
screening and brief cessation counseling with cessation medications (5.0%) and without
(2.4%). Including the savings of prevented smoking-attributable disease and using the
effectiveness of repeated interventions over the lifetime of smokers (23.1%), 2.47 million
QALYs are saved at a cost savings of $500 per smoker who receives the service.

onclusions: This analysis makes repeated clinical tobacco-cessation counseling one of the three most
important and cost-effective preventive services that can be provided in medical practice.
Greater efforts are needed to achieve more of this potential value by increasing current low
levels of performance.
(Am J Prev Med 2006;31(1):62–71) © 2006 American Journal of Preventive Medicine
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obacco use is the most important and frequent
cause of death, morbidity, and healthcare costs,
causing 435,000 deaths in the United States, or

8.1% of the total in 2000.1 Published evidence and the
000 Public Health Service (PHS) guideline confirm
hat identifying smokers and providing them with brief
dvice and cessation assistance in clinical practice are
oth very effective and cost effective.2 The Guide to
ommunity Preventive Services has strongly recommended
ulticomponent efforts to improve the delivery of brief

rimary care clinical cessation support, based on its
eview of the evidence.3

Most importantly for this analysis, the U.S. Preventive
ervices Task Force (USPSTF)4 in 2003 said that it
strongly recommends that clinicians screen all adults

rom the HealthPartners Research Foundation, Bloomington, Min-
esota
Address correspondence and reprint requests to: Leif I. Solberg,
D, HealthPartners Research Foundation, 8100 34th Avenue S, 11th
w
loor, Bloomington MN 55425. E-mail: leif.i.solberg@healthpartners.
om.

2 Am J Prev Med 2006;31(1)
© 2006 American Journal of Preventive Medicine • Publish
or tobacco use and provide tobacco-cessation interven-
ions for those who use tobacco products (A Recom-

endation).” The Task Force “found good evidence
hat brief smoking cessation interventions, including
creening, brief behavioral counseling (less than 3
inutes), and pharmacotherapy delivered in primary

are settings, are effective in increasing the proportion
f smokers who successfully quit smoking and remain
bstinent after 1 year.” This is the only USPSTF coun-
eling recommendation with an A rating.

The problem is that despite an increase in the
elivery of smoking-cessation services, the level of ser-
ice in medical practice is still well below the optimum
evel. The specific behaviors recommended in the PHS
uideline are known as the 5A’s for: ask about tobacco
se at every visit, advise to quit, assess willingness to
ake a quit attempt, assist with counseling and phar-
acotherapy, and arrange follow-up.2 National bench-
ark rates are those provided by nonprofit staff-model

ealth plans—and they show considerably higher rates
f cessation advice than assistance. In a recent study,

hile 71% of 4207 smokers enrolled in such plans

0749-3797/06/$–see front matter
ed by Elsevier Inc. doi:10.1016/j.amepre.2006.03.013
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eported that they had been advised to quit at least
nce over the past year, 56% were assessed, 49%
eceived some form of assistance, only 38% were of-
ered pharmacotherapy, and only 9% received a recom-

endation for follow-up.5 Since most members make at
east three to four office visits per year, the actual rates
f these actions at each visit are clearly much less. It is
lso helpful to know that 68% of these smokers re-
orted intending to quit in the next 6 months, 27% had
sked for help with quitting, and 82% wanted their
hysicians to discuss smoking cessation often or at every
isit. National data from Health Plan Employer Data
nd Information Set (HEDIS) or the National Health
nterview Survey show much lower rates.6,7 More typical
f rates in most practices are those reported by smokers

n the Community Intervention Trial for Smoking
essation (COMMIT) community trial, with 75% re-
orting being asked, 49% advised, and 25% offered
harmacotherapy in the past year.8 Thus, there is
mple room and need for improvement.

Although there are many published studies of the
ffectiveness of various smoking-cessation interventions
n the literature and almost as many studies of their cost
ffectiveness, these two issues have not been addressed
imultaneously, and none has studied the long-term
ffects of the repeated counseling interventions recom-
ended by the USPSTF and the PHS. Moreover, these

tudies have not been performed in a way that would
ermit direct comparison of their results with the other
reventive services recommended by the USPSTF. With
he exception of a single study of providing insurance
overage for bupropion,9 the literature assesses the cost
ffectiveness of one-time interventions,10–37 although
n practice, cessation counseling should be delivered
epeatedly over multiple years for continuing smokers.
ther services, such as cancer screening and childhood

mmunizations, are evaluated on the basis of repeated
nterventions at recommended intervals, not on the
asis of a one-time intervention. In addition, the vast
ajority of cost-effectiveness estimates in U.S. popula-

ions exclude the cost savings from prevented tobacco-
ttributable illness,9–18,20–22,25 although that is rarely
he case for other preventive services. Although data on
he effectiveness of repeated counseling are limited,
roviding the best possible analysis of the health ben-
fits and cost-effectiveness of repeated tobacco-use
creening and intervention is necessary to provide
ecision makers with information that is comparable to
hat available for other recommended preventive ser-
ices. This update with improved methods to Partner-
hip for Prevention’s 2001 ranking of 30 clinical pre-
entive services is important for its potential to better
nderstand the comparative value of tobacco-cessation

nterventions and thereby to stimulate greater efforts to
mprove delivery rates.38 Using new data and a more
etailed model than was used for the 2001 ranking, this

rticle presents the details of new estimates of the w

uly 2006
linically preventable burden (CPB) and cost effective-
ess of tobacco-use screening and brief interventions

or the companion article that ranks USPSTF clinical
reventive services.39

ethods

detailed description of the generic study methods is also
vailable in a companion article and a more detailed techni-
al report is available online.38,40,41 These methods were
esigned to ensure consistency in calculating the two compo-
ents of the estimate used in the ranking: (1) CPB as a
easure of health impact and (2) cost effectiveness of deliv-

ring each service. This section focuses on the specific
ethodologic issues for each calculation that are unique to

epeated tobacco-use screening and brief intervention.
The literature review and model were limited to counseling

nterventions that could be conducted and were tested in
rimary care practices on most of their smoking patients.
owever, the literature review did not strictly follow the
SPSTF guideline of a 3-minute intervention because the

ime needed for each intervention studied is not clearly
escribed in the trials. Therefore, all brief interventions that
ere clearly feasible because they were tested in busy practices
nder real-life conditions were included. Studies of more

ntensive counseling or of interventions involving many coun-
eling or reinforcement contacts as a part of follow-up after
he original intervention were excluded from the literature
eview and are not represented in this model. All included
tudies assessed interventions initiated by primary care clini-
ians during office visits for any reason by their regular adult
atients. Therefore, studies focusing on quit lines or mailed

nterventions were excluded, but studies referring for exter-
al services or with a brief follow-up were included.
To facilitate comparisons of these results with existing

stimates, four alternative models were estimated. Model 1
nalyzes one-time counseling and excludes savings from
llness prevented; this model is most comparable to the
xisting literature. Model 2 incorporates savings from pre-
ented smoking-attributable illness into Model 1 in order to
valuate how the results of current models may differ if
avings were included. Model 3 estimates repeated annual
ounseling without savings. Finally, Model 4, the base-case
odel for the ranking of preventive services, analyzes annual

ounseling and incorporates savings from prevented tobacco-
ssociated illness. All results are presented as the increment
o quits seen in the usual-care control arms of the studies.
ollowing these study methods, cost effectiveness results are
eported in year-2000 dollars and all costs and benefits are
iscounted at 3% annually.

vidence Gathering

he effectiveness literature search began with the extensive
eta-analyses and references conducted as part of the PHS

uideline, Treating Tobacco Use and Dependence.2 The 163
rticles in their 23 meta-analyses included studies published
hrough 1998. Another 595 reports of clinical trials from
evel 1 and two searches40,41 of PubMed between January
999 and April 2004 and 505 reports of observational studies

ere added. Only 255 of these articles met the criteria of

Am J Prev Med 2006;31(1) 63
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ractice relevance. (References are available in the technical
eport online at prevent.org/ncpp.) These were further re-
uced to 23 studies for abstraction based on the requirements
hat a study must have a control group, include �50 smokers
n each study arm, analyze smoking cessation as an outcome,
nd provide follow-up of �9 months. During the adjudication
rocess, three of these 23 articles were found to have impor-
ant deficiencies that made them unusable for these purpos-
s.42–44 The other 20 were used in the effectiveness
nalysis.45–64

The search for cost-effectiveness articles involved Level 1
nd 2 searches40,41 from January 1992 through March 2005.
he 1252 articles that were found plus others identified in

heir references were reduced to 68 articles on the costs of
moking or the cost effectiveness of cessation interventions
or the general population (references available online in
echnical report) and then to 17 that compared smoking-
essation intervention costs to benefits in U.S. settings.9–25 No
rticles were abstracted because none provided estimates of
he cost effectiveness of counseling delivered repeatedly over

ultiple years.

odel Population

linically preventable burden is the population burden ad-
ressed by the service multiplied by the effectiveness of the
ervice if all smokers received the service annually over their
ifetimes. It is measured as quality-adjusted life years (QALYs)
aved in order to measure the combined impact of morbidity
nd premature death.65 Although based on the delivery of the
ervice to a 1-year U.S. birth cohort of 4 million individuals
ver their adult years, the number of ever smokers had to be
stimated from available cross-sectional data in which smok-
ng prevalence differs among the birth cohorts represented in
he cross-section. In the base case, the CPB and cost effective-
ess were estimated for the ever smokers among current 35-

o 44-year-olds, while ever smokers among 24- to 35-year-olds
nd 45- to 55-year-olds were used in sensitivity analyses.66

odel Variables

he variables used in the model are shown in Table 1. The
ase-case column shows either the point estimate for the
ariable or the result of a calculation based on other data in
he table. The source column in Table 1 shows the literature
ources or the calculation formula for data points that are
alculated within the table. The letters in the formula refer to
he row labels in the leftmost column for the data points on
hich the calculation is made. The derivations of these

ormulas are explained in the online technical report (pre-
ent.org/ncpp). The range column shows the range over
hich the point estimates were varied in the sensitivity
nalysis.

enefits of quitting. Average gains in life expectancy from
uitting smoking were estimated from the National Health
nterview Survey and National Mortality Feedback Survey data
sed for never, current, and former smokers by Rogers and
owell-Griner,67 and from the 14-year prospective study of 1.2
illion U.S. residents by Taylor et al.68 The age distribution

f people who reported in the 2003 Behavioral Risk Factor
urveillance Survey (BRFSS) that they had stopped smoking

or �1 day was used to calculate a weighted average from the w

4 American Journal of Preventive Medicine, Volume 31, Num
ge-stratified results from these two surveys. The average of
hese two studies was used in the base case.

The gains in quality of life from reduced morbidity for
urrent smokers (row b in Table 1) were estimated as the
ifference in quality of life between current and former
mokers. Given the available data, the first step in this
alculation was to determine quality-of-life decrements
QALYs lost) among all ever smokers (current and former)
ue to smoking-attributable (SA) morbidity (row c). This was
alculated following study methods as outlined in Appendix A
see appendix online).

Next, the QALYs lost among current smokers (row d) were
alculated from the data points in the next two rows, using
he formula shown in the source column for row d.

The relative risk of all smoking-attributable diseases for
urrent smokers compared to former smokers (row e) is not
irectly known. However, if smokers have the same costs per
ase as former smokers, the relative risk of diseases should be
imilar to their relative expenditures on smoking-attributable
isease. Similarly, if smokers have the same case-fatality rates
s former smokers, the relative risk for disease should be
imilar to the relative risk of mortality. It is not clear which of
hese better approximates the relative risk of disease, and
herefore the average of the two measures was used. The
elative risk of smoking-attributable expenditures was calcu-
ated from a single study that reported total charges for
urrent, former, and never smokers according to smoking
tatus.69 In comparing current smokers to former smokers
ho had quit for �5 years, the relative cost of smoking-
ttributable charges was estimated to be 0.535. Estimates for
hose who had quit for �5 years were used in order to exclude
ormer smokers who had quit following illness. Similarly, the
elative risk of mortality from three studies that used different
ata sources and reported the mortality risk for current,
ormer, and never smokers were used: the American Cancer
ociety CPS II study,68 National Center for Health Statistics
urveys,70 and a prospective observational study of British
octors.71 The average relative mortality risk calculated from
hese three studies is 0.249 (range 0.20 to 0.30). The average
f the relative smoking-attributable expenditures (0.535) and
he relative risk of smoking-attributable mortality (0.249) is
.392 (row e). In sensitivity analyses, this estimate was varied
rom the lowest estimate from the mortality studies (0.20) to
high estimate of relative smoking-attributable expenditures

0.56) that was calculated from the average of relative expen-
itures of three studies that were not used for the base-case
stimate.72–74

ffectiveness of counseling. The long-term effectiveness of
ne-time counseling (row g) is derived from four variables:
he 12-month quit rate of counseling alone (row h), the
2-month quit rate with use of pharmacologic cessation aid
row i), the portion of those counseled who reported using a
essation medication (row k), and the relapse rate among
2-month abstainers (row l). The 12-month quit rates are
he mean results of included counseling studies
ith48,50,54,55,58,64 and without45,46,51–53,56–62 smoking-cessa-

ion medications. For the portion of those counseled who also
sed a smoking-cessation medication, the result from a sub-
odel was used (16.3%) because published data were not

ound on the use of cessation medications among individuals

ho were advised to quit that could be generalized to all

ber 1 www.ajpm-online.net
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mokers in primary care settings. This estimate was measured
mong all counseled smokers, including those who do not
ake a quit attempt, and reflects nonadherence with clini-

ian recommendations to use a smoking-cessation aid. The
ost important data underlying the submodel result are

stimates of the use of smoking-cessation aids among smokers
ho made a quit attempt in 199675 and 2001.76 The relapse
ate for 12-month abstainers was obtained from a review.77

Unfortunately, there is no evidence on the effectiveness of
epeated counseling. It is not known whether counseling in
ubsequent years has equal, lesser, or greater effect than

able 1. Model variables

ata points 1 (all but morbidity calculations) B

Average LYs gained per additional long-term quit

Average QALYs gained from avoided morbidity per
additional long-term quit

 QALYs lost to SA illness per ever smoker 
QALYs lost to morbidity per current smoker
Relative risk of SA disease, former compared to

current smokers

Portion of ever smokers who are former smokers
Long-term effectiveness of one-time counseling

12-month quit rate with counseling alone

12-month marginal quit rate with counseling
plus cessation medication

Portion counseled who use a cessation
medication

Relapse rate for 12-month quitters
Long-term effectiveness of annual counseling in

inducing additional quits among ever smokers
Cost of 10-minute office visit $
Cost of patient time and travel for office visit $
Portion of office visit used for counseling
Total cost of counseling per occasion $
Average cost of smoking-cessation aids per quit

attempt
$

Annual cost savings per additional year as former
smoker

$

PHE 19� in 2000 $6
Average annual PHE of current smokers $8
Average annual PHE of never smokers $6
Average annual PHE of former smokers $7
Ratio of average PHE, never compared to current

smokers
Ratio of average PHE, never compared to former

smokers
Ever smokers as % population
Current smokers as % population

a Former smokers as % population

LS, Bureau of Labor Statistics; CDC, Centers for Disease Control
moking and Health; LY, life year; PHE, per capita health expenditu
nitial counseling. Therefore, a reasonable extrapolation was a

uly 2006
eeded of the 12-month rate to what would result from
epeated delivery over the lifetime of smokers. Lacking any
ndividual-level data for this task, national data were used to
stimate a submodel. The submodel answers the question:
What long-term quit rate for repeated counseling is consis-
ent with (1) trends in counseling delivery rates, (2) trends in
otal quits among smokers, (3) trends in spontaneous quits,
nd (4) the 12-month effectiveness of one-time counseling
ith and without cessation aids?” The structure of the sub-
odel is described in Appendix B (see appendix online). The

ata used in the submodel, its sensitivity, and its limitations

se Source Range

5 CDC (2005)66, Rogers (1991)67,
Taylor (2002)68

�25%

53 � d � d*e

98 Appendix A �50%
81 � c / (e*f � (1 � f))
92 Musich (2003)69, Rosenbaum

(1998)70, Doll (2004)71, Kiiskinen
(2002)72, Pronk (1999)73, Terry
(1998)74

0.20 to 0.56

% CDC (2005)66 �5%-points
% � (h*(1 � j) � i*j) * (1 � k)
% Hollis (1993)45, Segnan (1991)46,

Curry (2003)51, Burton (1995)52,
Russell (1987)53, Slama (1990)56,
Jamrozik (1984)57, Russell
(1983)58, Russell (1979)59,
Demers (1990)60, Stewart
(1982)61, Tonnesen (1996)62

1% to 4%

% Killen (1997)48, Pieterse (2001)50,
ICRF (1994)54, Daughton
(1998)55, Russell (1983)58,
Grandes (2000)64

2% to 8%

% Submodel 10% to 30%

OSH (1990)77 25% to 50%
% Submodel, Appendix B 2.8% to 46.2%

Ingenix (2004)78 �33%
BLS (2002)79 �50%
Assumed 10% to 50%
� (m � n)*o
See text �25%

� t � v

Keehan (2004)85, Hoffman (2001)86 �20%
� u / ((1 � y)*w � aa*x � z)
� w*t
� u/x

6 Musich (2003)69 0.65 to 0.85

6 Musich (2003)69 0.75 to 0.95

66 CDC (2005)66 0.40 to 0.55
24 CDC (2005)66 0.20 to 0.27
42 � y � zz

revention; ICRF, Imperial Cancer Research Fund; OSH, Office on
ALY, quality-adjusted life year; SA, smoking-attributable.
ase ca

5.6

0.3

0.3
0.5
0.3

51.9
1.8
2.4

5.0

16.3

37%
23.1

44
42

25%
22

170

912

957
291
329
379

0.7

0.8

0.4
0.2
0.2
re described in the technical report for this service.41 It is

Am J Prev Med 2006;31(1) 65
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mportant to know that the submodel proved to be very
ensitive to key data points. Therefore, the base-case result of
he submodel (23.1% quit rate, row l) was calculated using
onservative assumptions for those data points.

osts of counseling. The costs of counseling include clini-
ian time for counseling, smoking-cessation medication use,
nd patient time and travel for clinician visits. It was assumed
hat, on average, 25% of a 10-minute office visit would be used
o counsel patients according to the 5A’s, with some patients
ot receiving more than initial cessation advice and others
eceiving recommended brief counseling and medication
long with follow-up contacts. The cost of an office visit was
alculated as the average of Medicare reimbursement and
5% of the median of private-sector charges.78 The costs of
atient time and travel for a visit were estimated as 2 hours of
ime valued at the average hourly earnings and benefits.79

The average costs of all prescription fills over a 6-month
eriod were estimated from the initial prescription for a
essation medication (nicotine replacement therapy or bu-
ropion) in a sample of 650 health plan members with a
harmacy benefit who filled at least one prescription. An
verage cost of $170 is based on 80% of the year 2000 average
holesale price for prescriptions plus a $7 fill fee.

avings from quitting. Although healthcare costs of current
mokers are higher than those of former smokers during
he 3 to 5 years after cessation, former smokers often have
igher costs than current smokers73,80 shortly after cessa-

ion.69,74,81,82 This has been attributed to smokers who quit
ue to illness.83,84 The goal of repeated counseling is to

able 2. CPB and CE of one-time and annual tobacco-use sc

Model 1

ounseling frequency One-time
ost savings from prevented SA
illness

Excluded

dditional quits among ever smokers
(% of ever smokers)

1.8%

verage gain in QALYs per smoker
counseled, undiscounted

0.11

verage lifetime costs of counseling
and cessation medication per ever
smoker counseled, undiscounted

$ 49

verage lifetime savings per
additional long-term quit,
undiscounted

$ 0

verage lifetime savings per ever
smoker counseled, undiscounted

$ 0

verage gain in QALYs per smoker
counseled, discounted

0.021

verage lifetime costs of counseling
and cessation medication per ever
smoker counseled, discounted

$ 23

verage savings per ever smoker
counseled, discounted

$ 0

PB (undiscounted QALYs saved) 190,262
et cost per ever smoker counseled,
discounted

$ 23

E $/QALY saved 1,110

E, cost effectiveness; CPB, clinically preventable burden; n.d., CE
uality-adjusted life year; SA, smoking-attributable.
nduce and assist quits before the onset of smoking-attribut- e

6 American Journal of Preventive Medicine, Volume 31, Num
ble illness. Therefore, the best comparison for estimating
he cost savings attributable to counseling is between healthy
uitters and continuing smokers.
Musich et al.69 reported total healthcare charges at various

imes since quitting in a national sample of General Motors
mployees. Healthcare charges in this population may pro-
ide a poor estimate of the absolute costs of care of current
nd former smokers in the general U.S. population. There-
ore, these charges were used to estimate the ratio of personal
ealth expenditures (PHE) of never smokers relative to those
f 5-year quitters and current smokers for persons aged �19
ears.85,86 Therefore, it is assumed that most smokers who
uit as a result of counseling do so before symptoms of
moking-attributable disease. Smoking status was obtained
rom the BRFSS66 for rows z to bb. To check the calculated
osts of current and former smokers, the estimates were used
o calculate the implied percentage of PHE that is attribut-
ble to smoking. That percentage was then compared to four
ublished estimates that were derived from different mod-
ls.80,87–89 The result from this calculation (9.9%) was very
imilar to the mean of the four published estimates (9.7%,
ange 6.5% to 14.0%).

esults

able 2 shows results for the four models. The results of
odels 1 and 2, with effectiveness of one-time counsel-

ng, produced a CPB of 190,000 QALYs—a large
nough health impact to be among the top half for

ng and intervention

Model 2 Model 3 Model 4

One-time Annual Annual
Included Excluded Included

1.8% 23.1% 23.1

0.11 1.39 1.3

$ 49 $1,308 $ 1,308

$22,434 $ 0 $22,434

$ 399 $ 0 $ 5,188

0.021 0.268 0.2

$ 23 $ 607 $ 607

$ 88 $ 0 $ 1,149

190,262 2,473,996 2,473,996
$ �65 $ 607 $ �542

n.d. 2,266 n.d.

is not defined because discounted net costs are negative; QALY,
reeni
vidence-based preventive services. Models 3 and 4,

ber 1 www.ajpm-online.net
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ased on the effectiveness of repeated counseling,
roduced a CPB of 2.47 million QALYs—a large
nough health impact to be among the top three
vidence-based preventive services.
Model 1 most closely resembles existing estimates of

he cost effectiveness of tobacco-cessation counseling in
he United States. Using it, brief one-time tobacco-
essation counseling appears extremely cost effective at
1100/QALY saved. When the financial savings from
revented illnesses are added (Model 2), one-time
ounseling proves to save $65 per smoker counseled
espite an effectiveness of only 1.8%.
Repeated counseling is also very cost effective

$2000/QALY saved) when the cost offsets of financial
avings from prevented illness are excluded (Model 3),
nd is estimated to save �$500 per smoker counseled
hen these savings are included (Model 4).
As modeled following the current literature, tobacco-

essation counseling is one of the ten most cost-effec-
ive services. As modeled to provide estimates compa-
able to other preventive services, tobacco-cessation
ounseling is cost saving, and is among the three
ighest-priority services.

ensitivity Analysis

he total of 0.398 QALYs lost per ever smoker is
ntered in Table 1 as the key measure in adding
orbidity to the calculation of CPB. However, because

ears of life gained with counseling far exceed health
ears of life equivalents from reduced illness, any
ariables that are specific to estimating quality-of-life
ains have little influence on the estimate of CPB. In
ontrast, CPB is moderately sensitive to changes in the
ife years saved by cessation and highly sensitive to
hanges in the long-term effectiveness of repeated
dvice. In multivariate sensitivity analyses conducted
ccording to study methods,41,65 an extremely wide
PB range of 231,000 to 9.17 million QALYs saved was
btained. This wide range is not as problematic to the
anking as it may first appear, because even the lower-
ound estimate places tobacco-cessation counseling
mong the services with the highest CPB.

Cost effectiveness is highly sensitive to the effective-
ess of repeated advice and the ratio of personal health
xpenditures of former smokers compared to current
mokers. Cost effectiveness is moderately sensitive to
he cost of smoking-cessation medications, the portion
f those screened and counseled who use a medication,
nd average personal healthcare expenditures for all
ndividuals. Multivariate sensitivity analysis thus found
ifetime savings as great as $9800 per smoker counseled,
nd cost-effectiveness ratios up to $28,000 per QALY
aved.

The most important and least certain data point in
hese calculations is the effectiveness of repeated inter-

ention. The threshold value of effectiveness for re-

uly 2006
eated screening and intervention to produce cost
avings is 12.2%. Although this is half of the base-case
stimate (23.1%), and the base-case estimate was gen-
rated using conservative parameter estimates in the
ubmodel, the instability of the submodel makes it
mpossible to definitively say that repeated primary care
obacco-use screening and intervention is cost saving.
hese estimates of the effectiveness of one-time coun-

eling with and without smoking-cessation medications
re comparable to similar reviews.2,90,91 Unfortunately,
here are no estimates in the literature with which to
ompare this modeled estimate of the effectiveness of
epeated intervention.

iscussion

pplying these standardized methods for calculating
PB and cost effectiveness results in such high esti-
ates that smoking-cessation counseling with offers of
edication prescription is clearly one of the most

mportant clinical preventive services, even at the seem-
ngly low rate of effectiveness at 12 months of 2.4% to
.0%. Measured as percent of burden of disease pre-
ented, the cumulative effectiveness of repeated annual
obacco-use screening and intervention may be similar
o that of annual fecal occult blood test screening,
nnual influenza immunizations, biennial mammogra-
hy screening, and cholesterol measurement every 5
ears. Thus, physicians who feel discouraged about
heir low absolute one-time success rate should take
eart from these findings and take steps to ensure the
aximum consistent intervention with all of their pa-

ients who smoke.
As noted earlier, it is clear that the current delivery

ates of this service are well below what is desirable and
ould be effective, especially for the assist and arrange
ortions of the 5A’s in the PHS tobacco guideline. Over
he last 15 years, it has become increasingly clear that
he way to accomplish that task is for medical practices
o establish a system92–97 with the following integrated
omponents:

. Include smoking status as a vital sign for collection
by the nurse interviewing each patient who does not
already have a marker or other information of being
a long-term nonsmoker.98

. Use a chart marker or computer prompt to remind
the clinician of the need to discuss smoking.99

. Provide clinicians with a clear but time-limited role
to assess interest in quitting, encourage quitting for
those not currently interested, and encourage use of
cessation medications and follow-up.95

. If the quitter needs more information about partic-
ular problems with quitting or how to use the
medications effectively, provide alternative system-
atic ways to obtain it without requiring clinician

time, such as having an office nurse or educator

Am J Prev Med 2006;31(1) 67
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provide this information, or referral to a telephone
quit line or other counseling resource.95

. Automatically provide follow-up phone calls by a
nurse or educator for those on medications or who
have set a quit date.

. Ideally, have a flow sheet in the chart or computer
record so that the clinician can see a summary of
past smoking discussions and quit attempts.

Such a system also fulfills each of the components of
he chronic care model by Glasgow et al.,100 which
einforces the emerging view of smoking as another
hronic condition. The importance of building it as an
ntegrated system has been reinforced by studies show-
ng that having only one of the components noted
bove (e.g., smoking as a vital sign) fails to increase all
ecommended counseling actions.98,101 Studies have
lso demonstrated the infrequency of even those indi-
idual components in typical practice settings.102,103

ith a system like this, one clinic found that 25% of its
mokers had quit at 1 year, a rate equal to the calcu-
ated lifetime quit rate and twice the average found in
he intervention arm of randomized trials.104

Despite the high ranking for this service that war-
ants establishing such practice systems, there are cer-
ainly limitations in the estimates. For example, CPB
nd cost-effectiveness estimates are limited by uncer-
ain data points. The most troublesome problem is the
ack of controlled trials and observational studies of the
ffectiveness of repeated, long-term counseling in
rompting smokers to quit. The submodel built to
ddress this piece of missing data produces a wide
ange of estimates. Although a base-case estimate for
epeated counseling derived from conservative param-
ters in the submodel was used, high instability of the
ubmodel around key data points prevents us from
eing certain that the base-case estimate itself is con-
ervative. Therefore, caution must be used in interpret-
ng and applying these results. The important point to
nderstand is that these effectiveness, CPB, and cost-
ffectiveness estimates are not based on short-term
ounseling as typically evaluated in the literature.

The literature and data used to derive the effective-
ess of both one-time and repeated counseling include
ome smokers who may have been more highly moti-
ated to quit due to symptoms of smoking-attributable
llness. In estimating the health and financial benefits
f quitting, it was implicitly assumed that the majority
f quits attributable to counseling were among healthy
mokers. The use of these estimates with the estimated
ffectiveness data may cause the benefits of quitting to
e overstated. However, the effectiveness estimates
ere estimated as the incremental effect relative to

pontaneous quits. It is expected that the impact of ill
uitters on incremental quits will be smaller than the
mpact on total quits. i

8 American Journal of Preventive Medicine, Volume 31, Num
Several offsetting factors were not included in the
odel, and have been excluded from virtually all

ost-effectiveness models of cessation: the cost of ciga-
ettes, the time costs of smoking and efforts to quit, and
hanges to daily quality of life due to initial withdrawal
nd reduction in smoking. The willingness to purchase
igarettes and commit time to smoking may be an
ndicator of the enjoyment of smoking. If this is the
ase, it would be inappropriate to include savings from
educed cigarette expenditures without the associated
oss of enjoyment in terms of a small daily quality-of-life
eduction. On the other hand, smoking is addictive,
nd therefore any enjoyment of smoking may not fully
xplain the willingness to expend personal resources
n it. We chose to exclude these factors rather than
uantifying assumptions about the enjoyment of smok-

ng and the pain of withdrawal in a QALY measure. This
oes make it less likely to conclude that screening and
rief intervention are cost saving. Cigarette purchases
ay exceed $500 annually even after excluding taxes
hen performing an analysis from the societal
erspective.
The estimates from Model 1 are consistent with the

xisting literature. This literature search identified 17
conomic evaluations with settings in the United States
hat compare the costs and effects of counseling, ces-
ation aids, changes to insurance benefits, and mailed,
hone, or Internet interventions.9–25 Thirteen of the
tudies excluded cost offsets from reduced expendi-
ures on smoking-related illness,10–18,20–22,25 and all but
ne9 analyzed an intervention provided only once to

ndividuals. In that study, the effectiveness of each quit
ttempt appears to have been based on the literature
rom one-time interventions and was assumed to be
ndependent of previous attempts. Despite a wide vari-
ty of interventions and methods, results of the studies
hat exclude cost-offsets are remarkably similar. Among
tudies that report discounted costs per quit, the results
ange from $1000 to $4000 per quit, and among studies
hat report discounted costs per life year saved (with or
ithout quality adjustment), the results are $1000 to
8000 per year saved. This latter range is reduced to
1000 to $2500 when more-intensive interventions and
nalyses of the incremental benefit of cessation aids
elative to counseling are excluded.

Of the four studies that include a cost offset for
obacco-cessation counseling, only one study23 reports
esults in terms of net dollars per quit or per year of life
aved. In this study, Warner et al.23 found a net cost of
4700 per life year saved of insurance coverage for
moking-cessation treatment from the perspective of a
anaged care organization. It appears that the study

id not find coverage to be cost saving because general
edical costs during the additional years of life lived

ttributable to providing insurance coverage were

ncluded.

ber 1 www.ajpm-online.net
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Whether general medical costs not related to the
ntervention should be included in economic analysis is
ebatable. Including medical costs from increased life
xpectancy in some estimates of the costs of smoking105

as sparked debate on whether smoking cessation
educes healthcare costs.88,106,107 Most economic eval-
ations of tobacco interventions that provide a ratio-
ale for excluding savings from prevented smoking-
ttributable illness cite the conflicting evidence for
ifetime savings.12,14,27,108 The methods established to

aintain consistency across services in the prevention
rioritization project40,41 exclude unrelated medical
osts from cost-effectiveness analyses. While the Panel
n Cost-Effectiveness in Health and Medicine
PCEHM) was ambiguous about this point of method-
logy,109 unrelated medical costs were excluded here
or three reasons: First, most published cost-effective-
ess studies exclude costs that are unrelated to the
reventive service. Therefore, with the exception of
obacco-cessation counseling, these estimates maintain
omparability with existing literature. Second, from the
ocietal perspective, there is no reason to include
edical expenditures attributed to increased life ex-

ectancy, but to exclude food, housing, transportation,
ntertainment, or any other resource use attributable
o increased life expectancy. Third, including costs
ssociated with increased life expectancy could pro-
uce counterintuitive results such as high cost-effective-
ess ratios for low-cost, effective childhood vaccinations
gainst disease with high fatality rates.

Even if there is need for caution in taking these
stimates literally, or if there is disagreement on the
ppropriateness of including cost savings from pre-
ented smoking-attributable illness, there is no conceiv-
ble scenario in which smoking-cessation assistance
hat is consistently delivered in clinical practice settings
ould not be one of the most important preventive

ervices. The challenge for this service is different—it is
o find ways to ensure that it is delivered at rates and in
ays that achieve the extraordinary potential benefits.
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PPENDIX A

uality-Adjusted Life Years Lost Due to
moking-Attributable Morbidity

able A provides the detail for this calculation, and the total
s entered in row c of Table 1. For most smoking-attributable
SA) conditions, the lifetime number of SA cases was calcu-
ated as the number of years of life lived by a birth cohort of
 million after the age of 35 years multiplied by the SA
ions follow:

t

n
B

l
i
S
C
M
a

1.e1 American Journal of Preventive Medicine, Volume 31, Nu
mong adults aged 35 years and older, the annual incidence
f oral cancer is 21.0 per 100,000. From life tables,1 it was
stimated that there would be 164,596,352 years of life lived
fter the age of 35 in a birth cohort of 4 million. An estimated
4.6% of oral cancers are attributable to smoking.2 Thus,
pproximately 164,596,352 � 0.00021 � 0.646 � 22,325 cases
f SA oral cancers are predicted to occur over the lifetime of
 birth cohort of 4 million. These calculations are made by
ge groups whenever age-specific data are available, and the
eighted averages are shown in Table A. Cases for pediatric
iseases and fire injuries were calculated using the number of
raction of the annual incidence of disease. For example, years of life lived from birth rather than age 35.
able A. QALYs lost to smoking-attributable morbidity

Condition Incidence rate SAF SA disease
Type of

incidence data
Duration
(years)

QALY
weight

SA QALYs
lost

ancers
Oral cavity, pharynx 0.000210 0.646 22,325 New cases 4.3 0.2 19,200
Esophagus 0.0000949 0.681 10,644 New cases 1.8 0.3 5,748
Stomach 0.000151 0.207 5,152 New cases 3 0.2 3,091
Pancreas 0.000216 0.222 7,913 New cases 1.24 0.3 2,944
Larynx 0.0000727 0.805 9,637 New cases 2 0.3 5,782
Lung, bronchus 0.00124 0.803 163,299 New cases 2 0.3 97,979
Urinary bladder 0.000424 0.404 28,193 New cases 4.7 0.2 26,501
Kidney, renal pelvis 0.000242 0.259 10,311 New cases 4.7 0.2 9,692
Acute myeloid leukemia 0.0000788 0.170 2,204 New cases 4.6 0.2 2,028
Cervix uteri 0.000151 0.120 1,555 New cases 4 0.2 1,244

irculatory diseases
Ischemic heart disease 0.0147 0.164 396,975 Hospital stays 0.058 0.3 6,871
Other heart disease 0.00797 0.125 164,364 Hospital stays 0.058 0.3 2,845
Congestive heart failure 0.00387 0.125 79,859 New cases 2.3 0.2 36,735
Strokes 0.00352 0.102 58,783 First strokes 7.8 0.4 183,403
Transient ischemic attack 0.00147 0.102 24,571 Hospital stays 0.058 0.3 425
Atherosclerosis 0.000774 0.143 18,256 Hospital stays 0.058 0.3 316
Aortic aneurysm 0.000443 0.575 41,926 Hospital stays 0.058 0.3 726
Other arterial disease 0.000711 0.134 15,620 Hospital stays 0.058 0.3 270

espiratory diseases
Pneumonia, influenza 0.0429 0.169 1,192,136 Self-reported 0.038 0.3 13,755
Bronchitis, emphysema, chronic
airways obstruction

0.00169 0.785 218,910 New cases 6.6 0.2 288,961

njuries
Fire injuries 0.0000485 0.25 3,596 Injuries 0.077 0.3 83

hildhood diseases
Short gestation/low birth weight 0.0150 0.0907 5,434 Hospital stays 0.25 0.3 408
Respiratory distress syndrome 0.00815 0.0346 1,128 Hospital stays 0.167 0.3 57
Other respiratory—newborn 0.0244 0.0472 4,618 Hospital stays 0.167 0.3 231

otal 709,063
otal per ever smoker 0.398

ALY, quality-adjusted life year; SA, smoking-attributable; SAF, smoking-attributable fraction.
Smoking-attributable QALYs lost to morbidity are the prod-
ct of the lifetime incidence of SA disease, the duration of
isease, and the associated quality-of-life reduction (QALY
eight). Continuing the example using the data in Table A

or oral cancers, 4.3 � 0.2 � 0.86 QALYs are lost to morbidity
or each case, and a total of 22,325 � 0.44 � 19,200 QALYs
re lost to SA oral cancers over the lifetime of the birth
ohort.

The annual incidence rates for the morbidity calculations
n Table A come from several sources. Cancer cases are based
n 2001 incidence rates, age adjusted to the 2000 population
unadjusted rates were not reported).3 For most other con-
itions, 2001 hospital stays with the ICD-9 of interest listed as
he primary diagnosis were used when available.4 The excep-
● Congestive heart failure—lifetime incidence5

● Strokes—incidence of first strokes6

● Pneumonia and influenza—self-reported medically at-
ended episodes7

● Bronchitis, emphysema, and chronic obstructive pulmo-
ary disease (COPD)—incidence of COPD from the Global
urden of Disease study8

● Fire injuries— cases of injuries from home fires9

With the exception of fire injuries, the disease categories
isted in Table A are those for which SA mortality is reported
n the CDC’s (Centers for Disease Control and Prevention)
moking-Attributable Mortality, Morbidity, and Economic
osts (SAMMEC).2 Mortality SA fractions (SAFs) from SAM-
EC were applied to morbidity because SAFs are not avail-
ble for most SA diseases.
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The duration of illness for many conditions (all cancers,
troke, congestive heart failure, chronic airways obstruction)
re from closely corresponding (i.e., not always identical)
isease categories of the global burden of disease estimates
or established market economies.8 Incidence data on many
hronic conditions were not available. When necessary, the
ncidence of hospital stays was used, and the morbidity
alculations were treated as estimates of the quality of life lost
ue to acute episodes of chronic disease. For each hospital
tay, a 3-week duration of illness was assigned to reflect both
he hospital stay itself and subsequent recovery time. Longer
urations were assigned for hospital episodes of childhood
isease cases, and shorter durations were assigned to medi-
ally treated cases of influenza and pneumonia.

Estimates of the QALYs lost per year lived with an illness
“QALY weight” in Table A) are the standard ranges used in
his study of 0.3 for acute conditions and 0.2 for chronic
onditions.10,11 Cancers of less than 2-year duration are
reated as acute illnesses because of their low survival rates.
he QALY lost per year for stroke of 0.40 (range 0.25 to 0.55)

s based on published estimates from utility scales rather than
he standard QALY weight for chronic conditions, because
he utility scales indicate that strokes have substantially higher
uality of life losses per year than most other chronic condi-
ions.12-18
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PPENDIX B

ong-Term Quit Rate Submodel

A submodel was developed to answer the question, “What
ong-term quit rate for repeated counseling is consistent with
he following?”

a) Trends in counseling delivery rates
b) Trends in total quits among smokers
c) Trends in spontaneous quits
d) The 12-month counseling effectiveness of brief to me-

dium counseling obtained from the literature review de-
scribed in the text.

Equations (1) and (2) show how the submodel determines
he long-term effect of repeated counseling:

LTMQRC � �
t�1

�

MQRCt � MQRCt�1 � e��t (1)

LTMQRCRX � �
t�1

�

MQRCRXt � MQRCRXt�1 � e��t (2)

These equations define the long-term effectiveness of re-
eated counseling as an exponential function of the 1-year
uit rates. LTMQRC and LTMQRCRX are the marginal long-
erm quit rates of brief to medium counseling with and
ithout smoking cessation aids (respectively), and MQRCt
nd MQRCRXt are the marginal quit rates of brief to medium
ounseling with and without smoking cessation aids in the tth

ear following the initial year of counseling. For these vari-
bles, the margin is defined as the quit rate in a population
eceiving repeated interventions group less the expected quit
ate from self-initiated quit attempts. Self-initiated quit at-
empts are all quit attempts, with or without the use of
moking cessation aids that are initiated by the smoker.

In year 1, MQRC and MQRCRX are equal to the 12-month
t t
arginal quit rates found in our evidence review (2.4% and

Am J Prev Med 2006;31(1) 71.e2
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.0%, respectively). The constant e is 2.71828 (the base of the
atural logarithm), and alpha is an unknown constant that is
etermined by the other data points in the submodel.
The long-term quit rate submodel is summarized in Equa-

ion (3). It defines the cumulative quits in a cohort of smokers
tarting in year t and ending in year u.

LTQR � �
t�1

u

PSt�1 � (SQRt � Ct � MQRCt

� CRXt � MQRCRXt) (3)

LTQR is the observed long-term total quit rate of a cohort
f smokers, including quits attributable to clinician counsel-

ng and quits not attributable to clinician counseling. PSt–1 is
he portion of the cohort still smoking at the end of the
revious year; and SQRt is the self-initiated quit rate in year t

ess relapse over subsequent years (the “permanent” self-
nitiated quit rate). Ct is the portion of smokers who receive
ounseling in year t and do not use a pharmacologic smoking
id; and CRXt is the portion of smokers receiving counseling
nd who do use a quit aid.

With algebraic substitutions from Equations (1) and (2),

quation (3) becomes. r

1.e3 American Journal of Preventive Medicine, Volume 31, Nu
LTQR � �
t�1

u

PSt�1 � (SQRt � Ct � MQRCt�1 � e��t

� CRXt � MQRCRXt�1 � e��t) (4)

In year 0, PS is equal to 1 (e.g., 100% of smokers are smoking
t end of the year), and in subsequent years PS is determined
ithin the model by the number of self-initiated quits and
ounseling-attributable quits in previous years, less relapse
mong counseling-attributable quits from previous years. All
ariables other than PS and alpha can be estimated from
vailable data as described in the online technical report (www-
prevent.org). Therefore, � in Equation (4) was solved by
teration and then inserted into Equations (1) and (2) to
stimate the long-term quit rates with annual counseling. New
uits and relapses among those previously counseled were not
eparately modeled. Instead the constant � was allowed to reflect
he quits in subsequent periods, net of relapse of individuals who
ad previously quit for 1 year as a result of counseling.
The model was populated with a cohort of smokers older than

9 years (u � 39) from 1965 through 2003. However, the constant
was determined using observed long-term quits over the period

985 to 2003. This allowed the model to be estimated over the
eriod for which better data are available that at the same time

eflect the effect of counseling that occurred before 1985.
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