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Background: Evidence from cost-effective smoking cessation programs is scarce. This study determined the costeffectiveness of 3 smoking cessation strategies as provided by general practitioners (GPs) in Germany.
Methods: In a cluster-randomized smoking cessation trial,
rates and intervention costs for 577 smoking patients of
82 GPs were followed up for 12 months. Three smoking
cessation treatments were tested: (1) GP training plus GP
remuneration for each abstinent patient, (2) GP training
plus cost-free nicotine replacement medication and/or bupropion hydrochloride for the patient, and (3) a combination of both strategies. Smoking abstinence at 12 months
was the primary outcome used to calculate incremental
cost-effectiveness ratios and net monetary benefits.
Results: Intervention 1 was not effective compared with
treatment as usual (TAU). Interventions 2 and 3 each
proved to be cost-effective compared separately with TAU.
When applying a 95% level of certainty of cost-effec-

tiveness against TAU, €9.80 or €6.96, respectively, had
to be paid for each additional 1% of patients abstinent at
12 months (maximum willingness to pay). That means
that in intervention 2, €92.12 per patient in the program must be invested to gain 1 additional quitter (as
opposed to €39.10 paid per patient during the trial). In
intervention 2, the cost was €82.82, as opposed to €50.04.
Neither of these 2 cost-effective treatments proved to be
superior to the other. The cost-effectiveness of both treatments was stable against TAU in sensitivity analyses. (The
exchange rate from October 1, 2003, was used; €1=$1.17.)
Conclusions: Both treatments have a high potential to

reduce smoking-related morbidity at a low cost. It is highly
recommended that they be implemented as a routine service offered by GPs because in many countries, health
insurance plans currently do not fund nicotine replacement therapy.
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IVEN THE MORBIDITY ,
mortality, and financial
burden caused by tobacco use, cost-effective
smoking cessation programs are relevant to primary public health
care. A variety of interventions to effectively curb smoking have been tested, including psychological interventions, behavioral programs, and drug-based
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nicotine replacement therapy (NRT). Although many studies have confirmed the
efficacy of these interventions,1-6 costeffectiveness studies are scarcer and may
yield conflicting results as to which intervention is preferable from a health-economic standpoint.7-9
The cost of NRT seems to be generally
low. A recent meta-analysis10 identified av-
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erage costs per quitter ranging from $260
to $2330. Consequently, the cost-effectiveness of NRT tends to be high, even if
yielding only moderate quitter rates. Thus,
it also seems to be better than that of many
other accepted health care interventions.6

See Invited Commentary
at end of article
As a consequence, the cost-effectiveness of NRT or other smoking cessation
treatments is worth a more detailed analysis. We assessed the cost-effectiveness of
several smoking cessation aids applied by
general practitioners (GPs) alongside a cluster-randomized controlled trial in Germany. National health insurance plans in
Germany currently do not cover NRT, although productivity losses resulting from
smoking are estimated at €7.3 to €14.4 billion annually ($8.5-$16 billion).11-13 Specifically, we aimed to discover whether
synergistic economic effects result from
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combined smoking cessation methods or programs offering NRT and the application of bupropion hydrochloride
in primary care. (The exchange rate from October 1, 2003,
was used in this study; €1=$1.17.)

with each other, whereas in our study at least 6 treatment alternatives had to be analyzed (the TI, TM, and TI/TM arms each
individually against TAU, as well as against each other, should
more than 1 treatment prove to be more cost-effective than TAU).

STATISTICAL ANALYSES

METHODS

Costing Procedures
DESIGN OVERVIEW, SETTING,
AND PARTICIPANTS
From October 2002 through September 2004, a clusterrandomized trial among smoking patients of GPs was conducted in a southwestern region of Germany. Of 248 GPs who
had participated in an earlier survey on the promotion of smoking cessation,14 174 who reported having conducted at least 390
general health screening examinations during the previous 3
months were selected and invited to participate in patient recruitment. Ninety-four GPs working in 82 office practices finally agreed to collaborate and were included in the sample.

RANDOMIZATION AND INTERVENTIONS
The practices were randomly allocated to 4 intervention arms
in a 2⫻2 factorial design crossing 2 interventions.15 Patients
aged 36 to 75 years who smoked at least 10 cigarettes per day
and who visited GP practices for a general health examination
(which in Germany is offered biannually to patients aged ⱖ36
years and is free for all persons covered by compulsory health
insurance funds) were eligible for the trial. According to the
“systemic” nature of interventions, which may operate by increasing the willingness to attempt quitting as well as the success rate of attempts to quit, patients could participate irrespective of their intention to quit smoking. Written informed
consent was obtained in each case. The ethics committees of
the University of Heidelberg and the Medical Association of the
Federal State of Baden-Wuerttemberg approved the study. Two
interventions were provided to the GPs:
v Training and incentive (TI) intervention included the provision of a 2-hour cost-free group tutorial for GPs in methods
of smoking cessation promotion. In addition, GPs were guaranteed, for each study participant who was proven abstinent
at the 12-month follow-up, a financial remuneration of €130
on study completion.
v Training and medication (TM) intervention included the provision of the same group tutorial. In addition, GPs were given
the opportunity to prescribe medication (ie, NRT and/or bupropion, cost-free to participants). Patients’ expenses were reimbursed up to a maximum of €130 (representing the estimated typical cost of the recommended treatment schemes).
Of the 82 practices, 20, 21, 21, and 20 were randomized to
treatment as usual (TAU), TI intervention, TM intervention,
or a combined intervention of TI and TM (TI/TM), respectively. Sampling, randomization procedures, and clinical results (point prevalence of abstinence after 1 year) are described elsewhere in more detail.15 Owing to missing data, 10
of the 587 patients from the original sample were excluded from
the economic analyses.
The health economic analyses adopted a health insurance
perspective. Identification of productivity losses or societal cost
was not intended. From this perspective, the study design addresses the question of whether financial incentives should be
directed to physicians or to patients or whether instead both
parties should be rewarded in order to increase abstinence. From
a methodological point of view, this design is complex because cost-effectiveness studies usually compare 2 treatments

In the first step, unit costs for each element of the treatments
were summed to overall treatment costs for each arm. All costs
were calculated in euros and related to prices in 2003, the year
of the trial. Because no analysis of long-term benefits was intended, costs and outcomes were not discounted.
The costs for each group tutorial session were calculated at
€1000, including all expenditures and fees for the tutor. Group
tutorial sessions were free for GPs. To generate patient-level
costs, the total tutorial costs were divided by the caseload (number of patients in the trial per GP who attended the tutorial sessions). The tutorial for GPs covered issues such as the stagesof-change model, approaches to smoking cessation counseling
in general practice, or the potential of pharmacological support. The GPs themselves determined how to implement this
knowledge into care for individual patients. In most cases, smoking cessation counseling was combined with consultations for
other conditions, which made it impossible to measure the actual number of sessions related to smoking cessation. Thus, in
the treatment arms (TI, TM, and TI/TM), 1 GP contact per patient was estimated for counseling the patients or providing prescriptions. No extra GP visits were scheduled for study purposes. The cost of a GP counseling contact (€7.50) was obtained
from the official German scale of fees for health services (“Gebührenordnung für Ärzte”). For the costs of NRT and/or bupropion in the TM arm and TI/TM arm, the actual reimbursements to the patients after the follow-up were summed up to a
maximum of €130 each. Expenditures exceeding the upper limit
of €130 (which were reported in 25 cases only and were below
€165 in all but 4 cases; maximum, €186) or expenditures that
were made but not claimed were not considered. Remuneration costs were calculated at €130 per patient abstinent at 12
months after recruitment.

Outcomes and Effectiveness
Treatment costs were related to the major clinical outcomes of
the original trial. These were defined as the percentage of patients in each arm abstinent at 12 months after recruitment (point
prevalence). Only those participants reporting themselves
smoke-free and with serum cotinine levels lower than 15 ng/mL
were considered abstinent. All remaining participants were classified as smokers (intention-to-treat approach). Cotinine levels
were measured to ensure the validity of the results but would
not be part of any routine implementation of the intervention.
The costs were therefore not considered in this analysis.

Incremental Cost-effectiveness
Incremental cost-effectiveness ratios (ICERs) were calculated
in the next step; these are defined as the difference of cost means
(cost per treated patient under new treatment minus cost per
treated patient under TAU) divided by the difference of mean
effects (percentage of abstinent patients after new treatment minus percentage of abstinent patients after TAU). Thus, ICERs
indicate the additional cost for each additional unit of outcomes.16 Three ICERs had to be calculated initially (TI vs TAU,
TM vs TAU, and TI/TM vs TAU). Owing to the nonnormal distribution of the ICERs, we applied nonparametric bootstrap-
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Table. Clinical Outcomes and Mean Intervention Costs (ICs) per Patient and Treatment Arm
ICs per Patient, Mean (€) a
Treatment
Arm
TAU
TI
TM
TI/TM

GP
Practices,
No.

Patients,
No.

PPA at
12 mo,
No. (%)

Counseling
of Patient

Training
of GPs b

NRT and/or
Bupropion
Hydrochloride

Remuneration
of GPs

Total ICs
per Treated
Patient

Total
ICs

20
21
21
20

74
144
140
219

2 (2.7)
5 (3.5)
17 (12.1)
32 (14.6)

0
7.50
7.50
7.50

0
2.14
1.97
1.89

0
0
29.63
21.65

0
4.51
0
18.99

0
14.16
39.10
50.04

0
2039.05
5474.00
10 958.76

Abbreviations: GP, general practitioner; NRT, nicotine replacement therapy; PPA, point prevalence of abstinence; TAU, treatment as usual; TI, training and
incentive; TM, training and medication.
a The exchange rate from October 1, 2003, was used; €1=$1.17.
b Tutorial sessions.

ping techniques in order to estimate their variability because
bootstrapping does not assume parametric distribution.

Net Monetary Benefit
Because bootstrap confidence limits are considered problematic when the denominator in ratio statistics like the ICER approaches zero,17 we chose the net monetary benefit transformation as an alternative approach and combined it with the
acceptability criterion for cost-effectiveness. This acceptability criterion is based on the probability that an estimated ICER
will fall below a specified acceptable upper limit  (⌬C/
⌬E⬍), where C indicates costs and E indicates effectiveness.
This upper limit is referred to as the ceiling ratio or maximum
willingness to pay. The probability is calculated as the proportion of bootstrap replicates falling on the “acceptable” side of
a line representing . To construct so-called cost-effectiveness
acceptability curves (CEACs), the proportion of bootstrap replicates (⌬C, ⌬E) on the acceptable side (ie, where the intervention is cost-effective) is usually plotted as a function of .18
This leads in a natural way to the net monetary benefit approach on rearrangement of the decision rule of the acceptability criterion ⌬C/⌬E⬍ to ⌬C⬍ ⌬E and  ⌬E−⌬C⬎0,
where the left-hand side of the latter expression defines a monetary net benefit measure NB. If NB()⬎0, then the new treatment is considered to be cost-effective and is recommended to
replace TAU. Therefore, any proportion of bootstrap replicates with ICERs lower than  is equivalent to the proportion
of a positive NB.17,19,20

Sensitivity Analyses
We performed several multiway sensitivity analyses by varying the outcome criteria (point prevalence of quitters at 12
months) or by conducting the analyses with varied intervention costs (cost-free advice by GPs and reduction of the tutor
costs from €1000 to €300). All analyses were performed with
SAS statistical software (version 9.1; SAS Inc, Cary, North
Carolina).
RESULTS

OUTCOMES AND INTERVENTION COSTS
The Table shows the mean costs of the various intervention elements, as well as the total intervention costs
per patient in each study arm (base-case analyses). The
Table also shows the outcomes for each treatment arm.

Because all treatments in the intervention arms were more
costly than TAU, only those interventions that yielded
significantly better outcomes were eligible for further costeffectiveness analyses (because it does not make sense
to opt for a more expensive treatment if it does not yield
better results). According to the results of the original
trial, the point prevalence of abstinence at 12 months in
the TM arm and TI/TM arm differed significantly from
that of TAU (P =.05 or P=.02, respectively), whereas in
the TI arm it did not (P =.75, for mixed logistic regression).15 Therefore, the TI arm (remuneration) was dropped
from further cost-effective calculations, whereas the TM
arm (reimbursement) and TI/TM arm (remuneration and
reimbursement combined) remained in the analyses.
INCREMENTAL COST-EFFECTIVENESS RATIOS
The ICERs of these 2 remaining alternatives were 4.14 (TM
vs TAU) and 4.21 (TI/TM vs TAU). The positive ICERs
of both remaining new interventions suggest that each is
more costly, but also more effective, than TAU. To overcome the statistical uncertainty of the 2 ICERs, we performed 2000 bootstrap replications each of the observed
cost and outcome data. To demonstrate the results, the scatterplot of the bootstrapped ICER of the reimbursement
strategy (the TM arm) vs TAU is shown in Figure 1. The
scatterplot of the ICER of the TI/TM arm vs TAU looked
rather similar. The plotted line in the cost-effectiveness
plane suggests a specific ceiling ratio () and separates 95%
of all bootstrap replicates to its right side. The slope of this
line in this case is 9.80. The proportion on the right side
of the line is equivalent to the proportion of a positive NB.
According to this method, the bootstrap replicates of
both empirical ICERs were then transformed to CEACs.
Results are shown in Figure 2. As described, CEACs
represent the proportion of bootstrapped ICERs that are
considered cost-effective for a range of values of . The
horizontal axis of Figure 2 represents the range of values of  as derived by bootstrapping. The vertical axis
represents the probability at a given  that the new treatment will be cost-effective against TAU by the proportion of bootstrap replicates with a positive NB. Figure 2
shows the acceptability curves for the 2 treatment alternatives still in question as a cost-effective smoking cessation strategy (TM vs TAU, TI/TM vs TAU).
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Figure 1. Bootstrapped scatterplot of the incremental cost-effectiveness ratio
(ICER) for the training and medication arm vs the treatment-as-usual arm in
the northeast quadrant of the cost-effectiveness plane. The plotted line
(slope = 9.80) separates 95% of all bootstrapped ICERs to the right.

Figure 2. Cost-effectiveness acceptability curves as a function of  (ceiling
criterion or willingness to pay) for the training and medication (TM) arm vs
the treatment-as-usual (TAU) arm, training and incentive plus medication
(TI/TM) arm vs the TAU arm, and the TM arm vs the TI/TM arm.

The specific  at which the curves cross the 95% threshold represents the additional cost (in euros) of 1 additional health gain (an increase of 1% in abstinent patients). As suggested in Figure 2, the CEAC for TM vs
TAU crossed the 95% line at the ceiling ratio  = 9.80.
Thus, in a program favoring the reimbursement to the
patients of costs for NRT and/or bupropion (the TM arm),
at least €9.80 for each patient participating in the program has to be invested to get an increase of 1% in nonsmokers after 12 months, at a probability of 95% that this
program will be cost-effective against TAU. For the combination of remuneration and reimbursement (TI/TM
arm), this  was 6.96.
The cost-effectiveness of both of these interventions
when analyzed individually against TAU raised the question of which one may be considered superior when evaluating them against each other. The empirical ICER when
comparing the 2 intervention arms was 4.37. However,
the outcomes of these 2 interventions in terms of the point
prevalence of abstinent patients did not differ significantly (12.1% vs 14.6%; 2 for nonsignificant P = .51).
Similarly, the ICER of these arms does not suggest that
either of these strategies is more cost-effective than the
other. This was confirmed by means of bootstrapping and
the NB analyses, in which the CEAC of the TM arm vs
the TI/TM arm never crossed the 95% line, no matter how
great the willingness to pay might be (Figure 2).

nario of cost-free smoking cessation advice given by GPs
and represent the actual range of fees for a trainer in routine care conducting a tutorial session. Because these sessions were attended by numerous GPs, the difference will
scale down when allocating the cost reduction to the GP
or patient level. Nevertheless, the TM arm and the TI/TM
arm still remained individually cost-effective against TAU,
whereas the TI arm showed no difference compared with
TAU in terms of outcomes. Likewise, no superiority of
either the TM arm or the TI/TM arm could be confirmed
when testing them against each other and applying a 95%
acceptability criterion. The  values of the cost-effective
treatments were only slightly altered compared with those
in the base-case scenario; under the 95% acceptability criterion,  was 7.06 in the case of the TM arm vs TAU, and
5.32 in the case of the TI/TM arm vs TAU. Similar results
were gained when the percentage of patients who were abstinent for at least 6 months were fed as outcome into the
analyses. Then  increased to 8.88 (TM arm vs TAU arm)
and to 14.70 (TI/TM arm vs TAU arm), respectively.

SENSITIVITY ANALYSES
We performed multiway sensitivity analyses by varying
several elements of the treatment costs and altering the
outcome criteria from blank-point prevalence of abstinence after 12 months to the percentage of quitters at 12
months who had been nicotine-free for at least 6 months
(in which case the prevalence of abstinence was TAU,
1.4%; TI, 1.4%; TM, 9.3%; TI/TM, 7.8%).
Setting the cost of counseling patients to zero and decreasing the GP training costs by approximately twothirds (from €1000 to €300) did not lead to crucial changes
of the base-case results. The changes would assume a sce-

COMMENT

Our study strongly suggests the cost-effectiveness of NRT
provided by trained family physicians or GPs in Germany, both when patients’ expenditures for NRT medication are reimbursed or when reimbursement is combined with remunerating trained GPs with €130 for each
patient abstinent after 12 months.
If the findings from the NB analyses (the cost of a 1%
increase in tobacco abstinence) are weighted afterward
with the empirical smoking cessation rates from the trial
to arrive at the more illustrative mean costs for 1 additional quitter (which health insurance plans must be willing to pay to gain a 95% likelihood that one of the new
treatments will be cost-effective against TAU), the costs
that would have to be paid for each patient enrolled in
such a program would amount to €92.12 in the TM arm
and €82.82 in the TI/TM arm.
These costs are 2.4 or 1.7 times higher, respectively,
than the actual mean intervention costs per patient that
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were spent during the clinical trial (€39.10 in the TM arm,
€50.04 in the TI/TM arm [Table]). These higher costs
could be considered the price of being on the safe side,
allowing for their variability. Any lesser willingness to
pay would reduce the certainty that the respective treatment is cost-effective.
Because the study interventions were applied (and as
they are meant to be applied when implemented into routine care) during GP consultations for other health problems, the respective study intervention is not likely to identify additional health problems and will probably not induce
any further health care costs. Quite the contrary: the intervention is likely to have considerable positive longterm health effects owing to reduced tobacco use. Immediate cost offsets might even be possible (eg, through the
emergency department visits thereby avoided). However, analyses of short- or long-term cost savings were not
performed.
Certain limitations may affect generalization of these
results. For reasons of confidentiality, it was impossible
to obtain the number of patients who were eligible for
the study and were actually approached for recruitment
by GPs. The initial response rate is thus unknown. In addition, the base-case analyses used a flexible quit date because an intention to quit was not mandatory for inclusion. Thus, the point prevalence of abstinence at 12
months after inclusion was chosen as a comparatively
broad primary clinical outcome. However, sensitivity
analyses applied a more stringent outcome criterion. Finally, it was not known whether patients in the control
modality (TAU) were advised as to smoking cessation.
If so, counseling of patients would also have incurred some
minor costs in the TAU arm, too. From a methodological perspective, the sensitivity of the approach to ignoring the cluster structure of the original trial is beyond
the scope of this study and may be a subject for further
research. However, this probably will not reduce the overall relevance of the results.
CONCLUSIONS

From an economic perspective, training GPs to give adequate advice on smoking cessation and reimbursing the
patients for their expenditures for NRT or combining this
offer with a financial incentive for GPs each constitutes
a viable option. Both strategies bear a high potential to
decrease the prevalence of nicotine abuse in the general
population.15 This is even more the case when taking into
account that an intention to quit smoking was not a mandatory criterion for participation in the study. The strategies would probably be even more efficient if interventions were restricted to subgroups actively willing to quit.
The mean costs in this trial were low compared with
results of recent international meta-analyses,10,21 which
tend to rank GP training or counseling above bupropion or NRT as highly cost-effective interventions.22 Smith
et al23 found in a computer-based smoking cessation intervention in primary care an annualized incremental cost
per smoker of $40.83 (€35.20). The incremental cost of
a Swiss GP counseling program was $2.58 (€2.22) per
consultation per smoker.24 However, neither program in-

cluded NRT or pharmacologic costs, as did the current
study. The cost of reimbursement in a more comprehensive smoking cessation treatment program in the Netherlands was €322 per participant in the intervention group
vs €291 per person among controls, who were not reimbursed. This cost is still more than 3 times higher than
the costs of this trial.25 Therefore, the value for money
of the treatments analyzed herein may be considered to
be much higher than those of many other accepted smoking cessation interventions.6
It cannot be decided on a statistical basis which of the
2 treatments identified as being cost-effective is the more
preferred for implementation into routine care. This decision must be left instead to health policies or other decision-making processes. However, the estimates of the
NB may serve as a good planning tool for this purpose.
No additional infrastructure would be required to implement the treatments evaluated herein into German routine health care. Either cost-effective therapy may easily
be applied by the existing network of GPs in office practice, which fully covers primary care for the German population. This is different from other cost-effective smoking cessation programs, such as the smoking-treatment
services in England, which require a separate system
of highly specialized services with high operating
costs.26
Currently, German health insurance policies do not reimburse patients’ expenditures for bupropion, nicotine
patches, or nicotine chewing gum. Likewise, the German
health care funding system does not foresee remuneration mechanisms or financial incentives for GPs to enhance treatment success. German funding schemes are currently in a state of major transition owing to an urgent need
for cost containment. In this very situation, the chances
of implementing innovative and cost-effective programs,
which are likely to increase public health and to considerably reduce the smoking-related financial burden on society, deserve particular attention.
Accepted for Publication: June 12, 2008.
Correspondence: Hans Joachim Salize, PhD, Central
Institute of Mental Health, J 5, D-68159 Mannheim, Germany (hans-joachim.salize@zi-mannheim.de).
Author Contributions: All authors had full access to all
of the data in the study, and Dr Salize takes responsibility for the integrity of the data and the accuracy of the
data analysis. Study concept and design: Salize, Mann, and
Brenner. Acquisition of data: Salize, Twardella, and Brenner. Analysis and interpretation of data: Salize, Merkel, Reinhard, and Brenner. Drafting of the manuscript: Salize and
Reinhard. Critical revision of the manuscript for important intellectual content: Salize, Merkel, Twardella, Mann,
and Brenner. Statistical analysis: Salize, Merkel, Reinhard, and Brenner. Obtained funding: Salize, Mann, and
Brenner. Administrative, technical, and material support:
Salize, Mann, and Brenner. Study supervision: Salize and
Brenner.
Financial Disclosure: None reported.
Funding/Support: This study was part of the BadenWürttemberg Addiction Research Consortium funded by
the Federal Ministry for Education and Research, Germany (01EB0410 and 01EB0113).

(REPRINTED) ARCH INTERN MED/ VOL 169 (NO. 3), FEB 9, 2009
234

WWW.ARCHINTERNMED.COM

©2009 American Medical Association. All rights reserved.

Role of the Sponsor: All researchers and authors were
independent of the funding sources. No funding source
or sponsor was involved in the design or performance
of the study; in the collection, management, analyses, or
interpretation of the data; or in the preparation, review,
or approval of the manuscript.
REFERENCES
1. Cummings KM, Fix B, Celestino P, Carlin-Menter S, O’Connor R, Hyland A.
Reach, efficacy and cost-effectiveness of free nicotine medication giveaway
programs. J Public Health Manag Pract. 2006;12(1):37-43.
2. Johansson PM, Tillgren PE, Guldbrandsson KA, Lindholm LA. A model for costeffectiveness analyses of smoking cessation interventions applied to a Quit-andWin contest for mothers of small children. Scand J Public Health. 2005;33
(5):343-352.
3. Kaper J, Wagena EJ, Willemsen MC, van Schayck CP. Reimbursement for smoking cessation treatment may double the abstinence rate: results of a randomized
trial. Addiction. 2005;100(7):1012-1020.
4. Baska T, Straka S, Baskova M, Mad’ar R. Economic rewarding of smoking cessationfacilitating drugs: a comparison of over-the-counter and prescribed nicotine replacement therapy. Expert Opin Pharmacother. 2004;5(3):487-491.
5. Miller M, Wood L. Effectiveness of smoking cessation interventions: review of
evidence and implications for best practice in Australian health care settings. Aust
N Z J Public Health. 2003;27(3):300-309.
6. Song F, Raftery J, Aveyard P, Hyde C, Barton P, Woolacott N. Cost-effectiveness
of pharmacological interventions for smoking cessation: a literature review and
a decision analytic analysis. Med Decis Making. 2002;22(5)(suppl):S26-S37.
7. Halpin HA, McMenami SB, Rideout J, Boyce-Smith G. The costs and effectiveness of different benefit designs for treating tobacco dependence: results from
a randomized trial. Inquiry. 2006;43(1):54-65.
8. Felten D, Raupach T, Sessler C, Luthje L, Hasenfuss G, Andreas S. Effektivität
eines kognitiv-verhaltenstherapeutischen Raucherentwöhnungsprogramms mit
pharma-kologischer Unterstützung. Dtsch Med Wochenschr. 2006;131(5):
197-202.
9. Hall SM, Lightwood JM, Humfleet GL, Bostrom A, Reus VI, Munoz R. Costeffectiveness of bupropion, nortryptyline, and psychological intervention in smoking cessation. J Behav Health Serv Res. 2005;32(4):381-392.
10. Kaper J, Wagena EJ, Severens JL, van Schayck CP. Healthcare financing systems for increasing the use of tobacco dependence treatment. Cochrane Database Syst Rev. 2005;(1):CD004305.

11. Ruff LK, Volmer T, Nowak D, Meyer A. The economic impact of smoking in Germany.
Eur Respir J. 2000;16(3):385-390.
12. Wegner C, Gutsch A, Hessel F, Wasem J. Rauchen-attributable Produktivitätsausfallkosten in Deutschland: eine partielle Krankheitskostenstudie unter Zugrundelegung der Humankapitalmethode. Gesundheitswesen. 2004;66(7):423-432.
13. Neubauer S, Welte R, Beiche A, Koenig HH, Buesch K, Leidl R. Mortality, morbidity and costs attributable to smoking in Germany: update and a 10-year
comparison. Tob Control. 2006;15(6):464-471.
14. Twardella D, Brenner H. Lack of training as a central barrier to the promotion of
smoking cessation: a survey among general practitioners in Germany. Eur J Public Health. 2005;15(2):140-145.
15. Twardella D, Brenner H. Strategies to improve smoking cessation promotion in
general practice: results of a cluster randomised trial. Tob Control. 2007;16
(1):15-21.
16. Barrett B, Byford S. Acceptable mental health care? a new decision-making tool
for cost-effectiveness analysis. Mental Health Res Rev. 2003;9:39-41.
17. Glick HA, Briggs AH, Polsky D. Quantifying stochastic uncertainty and presenting results of cost-effectiveness analyses. Expert Rev Pharmacoeconomics Outcome Res. 2001;2(1):89-100.
18. Fenwick E, O’Brien BJ, Briggs A. Cost-effectiveness acceptability curves: facts,
fallacies and frequently asked questions. Health Econ. 2004;13(5):405-415.
19. Löthgren M, Zethraeus N. Definition, interpretation and calculation of costeffectiveness acceptability curves. Health Econ. 2000;9(7):623-630.
20. Obenchain RL, Melfi CA, Croghan TW, Buesching DP. Bootstrap analyses of cost
effectiveness in antidepressant pharmacotherapy. Pharmacoeconomics. 1997;
11(5):464-472.
21. Kaper J, Wagena EJ, van Schayck CP, Severens JL. Encouraging smokers to quit:
the cost effectiveness of reimbursing the costs of smoking cessation.
Pharmacoeconomics. 2006;24(5):453-464.
22. Shearer J, Shanahan M. Cost effectiveness analysis of smoking cessation
interventions. Aust N Z J Public Health. 2006;30(5):428-434.
23. Smith MY, Cromwell J, DePue J, Spring B, Redd W, Unrod M. Determining the
cost-effectiveness of a computer-based smoking cessation intervention in primary care. Manag Care. 2007;16(7):48-55.
24. Pinget C, Martin E, Wasserfallen JB, Humair JP, Cornuz J. Cost-effectiveness
analysis of a European primary-care physician training in smoking cessation
counseling. Eur J Cardiovasc Prev Rehabil. 2007;14(3):451-455.
25. Hoogendoorn M, Welsing P, Rutten-van Mölken MP. Cost-effectiveness of varenicline compared with bupropion, NRT, and nortriptyline for smoking cessation in
the Netherlands. Curr Med Res Opin. 2008;24(1):51-61.
26. Godfrey C, Parrott S, Coleman T, Pound E. The cost-effectiveness of the English
smoking treatment services: evidence from practice. Addiction. 2005;100(2)
(suppl 2):70-83.

INVITED COMMENTARY

C

ost-effectiveness is getting more attention these
days, and the burgeoning number of publications on this subject as well as the increased attention to medical accountability in terms of effectiveness and cost make it important that we all understand
how to interpret cost-effectiveness analyses. This is
easier said than done because reading the literature on
cost-effectiveness is like navigating through the Tower
of Babel.
Cost-effectiveness boils down to value for money. Some
interventions may be very expensive but well worth it
(eg, bypass grafting in patients with 3-vessel obstructive
coronary artery disease and depressed left ventricle function), whereas others may be cheap but wasteful because they simply do not work (eg, taking vitamin E for
the prevention of coronary artery disease). In mathematical terms, the key quotient is the incremental cost per
incremental clinical benefit (⌬ cost/⌬ life expectancy or
preferably quality-adjusted life expectancy; ie, comparing 2 alternative treatment strategies modeled out to a

typical lifetime from a societal perspective). But how do
we determine which interventions are truly worth the cost?
The most basic conventional litmus test of this in the
United States is what payers such as Centers for Medical
and Medicaid Services or other financers of health care
(such as Blue Cross Blue Shield) are willing to pay, and
this is in the range of $50 000 to $100 000 additional cost
per additional quality-adjusted life-year (QALY). Even
this willingness-to-pay threshold is affected by many other
(including political) factors. From a global perspective,
it depends on a nation’s wealth, which directly affects willingness to pay. A poor nation, for example, may only be
able to afford cost-saving interventions such as vaccination programs or water treatment interventions, whereas
certain sectors of the United States are even willing to
pay for expensive screening programs that, using conservative assumptions, likely cost over $1 million per additional life-year saved, or possibly even infinite costs in
situations in which the marginal benefit is unknown and
possibly nil.
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Salize et al elegantly demonstrate that training German generalists on effective smoking cessation practices, as well as decreasing economic barriers to medications known to help quitters, resulted in a statistically
significant increase in the proportion of 12-month quitters, at a cost of roughly €92 (US $150) per quitter, from
an insurer’s perspective. How do we interpret this? The
key will be in comparing their findings with other studies that demonstrate the value of smoking cessation interventions and buying the assumptions that one can validly extrapolate the translation of quitting to qualityadjusted life improvement and that favorable costs for
an insurer will translate to favorable costs for society (in
this case, they usually do). For example, ample evidence indicates that NRT costs about $30 000 per QALY,
and a Cochrane Database Systematic Review1 of the topic,
indicated that costs of €250 per quitter are “favorable.”
This study1 showed a marginal cost of €92 per quitter associated with their program. Thus, the program is likely
to be cost-effective by conventional standards, but it takes
a fair amount of indirect reasoning to arrive at this conclusion. If only it could have been explained more simply and in common terms.
Problems with cost-effectiveness analyses include insufficient standardization of reporting, thereby leaving readers at a loss in interpreting the meaning of the information. The standard way to understand cost-effectiveness
is from a societal perspective, whereby one determines the
marginal cost per marginal change in quality-adjusted survival. Thus, the marginal cost per quitter will depend on
the sustainability of the quit, survival, and net quality of
life associated with such behavioral change. Salize et al failed
to translate their data into such terms and therefore make
it difficult to understand what this means to a health care
system that may be considering implementing such a pro-

gram, especially in the context of other competing interventions deemed to be worthwhile. This is too bad, because if this program were to be favorable relative to other
interventions (eg, usual care), then a worthwhile investment may be less likely to be implemented. If the program is unfavorable, yet implemented nonetheless, then
it will increase the opportunity costs of payers who are
implementing such a program based on the assumption
that any cost per quitter is acceptable. That would be wasteful, or at the very least divert resources away from other
more cost-effective interventions (eg, advocating for proven
highly effective societal strategies, like public smoking bans
or tax-based initiatives).
Any efforts to improve smoking cessation efforts should
be applauded, but reports that fail to speak the language
of cost-effectiveness effectively might actually hinder the
efforts rather than bolster the cause. Economic arguments are important, but only if they are framed in terms
that allow comparative analysis using comparable terminology and metrics. Having said all that, it seems likely
that aggressive efforts at optimizing primary care physicians’ knowledge, skills, and attitudes about effective
smoking cessation interventions, as well as making it economically easier for patients to get these interventions,
are worth it. It may be that such important messages are
getting lost in the reports.
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