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ABSTRACT

Aims To perform an economic evaluation of a work-place smoking cessation group training programmewith incentives
compared with a training programme without incentives. Design A trial-based cost-effectiveness analysis (CEA) and
cost–utility analysis (CUA) from a societal perspective and an employer’s perspective. Setting Sixty-one companies in
the Netherlands. Participants A total of 604 tobacco-smoking employees. Intervention and comparator A 7-week
work-place smoking cessation group training programme. The intervention group earned gift vouchers of €350 for
12 months’ continuous abstinence. The comparator group received no incentives. Measurements Online question-
naires were administered to assess quality of life (EQ-5D-5 L) and resource use during the 14-month follow-up period
(2-month training period plus 12-month abstinence period). For the CEA the primary outcomemeasure was carbonmon-
oxide (CO)-validated continuous abstinence; for the CUA the primary outcome was quality-adjusted life years (QALY).
Bootstrapping and sensitivity analyses were performed to account for uncertainty. Incremental cost-effectiveness ratio
(ICER) tables were used to determine cost-effectiveness from a life-time perspective. Findings Of the participants in the
intervention group, 41.1% had quit smoking compared with 26.4% in the control group. From a societal perspective with
a 14-month follow-up period, the ICER per quitter for an intervention with financial incentives compared with no incen-
tives was €11546. From an employer’s perspective, the ICER was €5686. There was no significant difference in QALYs
between the intervention and control group within the 14-month follow-up period. The intervention was dominated by
the comparator in the primary analysis at a threshold of €20000 per QALY. In the sensitivity analysis, these results were
uncertain. A life-time perspective showed an ICER of €1249 (95% confidence interval = €850–2387) per QALY.

Conclusions Financial incentives may be cost-effective in increasing quitting smoking, particularly from a life-time
perspective.
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INTRODUCTION

Smoking is the most preventable cause of illness and
premature death, and smoking-related illnesses lead to
large health-care costs and loss of productivity [1–6].
A meta-analysis focusing on working populations
found that smoking was associated with a 31% increase

in risk of absenteeism and 2.9 more sickness absence
days per year compared to non-smoking [7].
While many different types of intervention have
been used to decrease smoking in society [8–11], stimu-
lating individual smokers to quit still proves difficult,
especially among smokers from lower socio-economic
groups [12–14].
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Smoking cessation interventions at the work-place
have been shown to be an effective approach to reach
smokers and stimulate quitting smoking [11]. In a work-
place setting, successful interventions are group smoking
cessation counselling and financial incentives for quit
success [11,15–17]. Stimulating smoking cessation at the
work-place has benefits for both the employee and the em-
ployer. For the employee, apart from health benefits,
smoking cessation counselling at the work-place is conve-
nient, does not require a personal financial investment
and offers peer support from colleagues [11,18–20]. For
employers, investing in smoking cessation leads to health-
ier employees and can reduce costs that are associatedwith
smoking, such as absenteeism [4,21] and reduced perfor-
mance [22,23], which were estimated to be $5816 per
smoker per year [6].

Inspired by these results, we designed a cluster-
randomized controlled trial (RCT) to investigate the
effectiveness of financial incentives for smoking cessation,
which was conducted within Dutch companies. Partici-
pants of this trial were adult employees who smoked, and
who voluntarily signed up for a smoking cessation group
training programme at the work-place. Employees in
companies who were randomized into the intervention
condition additionally earned financial incentives totalling
€350 if they quit smoking for 12 months [24]. The results
of this trial showed that significantly more participants had
quit smoking in the intervention group with incentives
(41.1 versus 26.4%, P< 0.001) than in the control group
with the cessation programme alone [25].

Apart from establishing the effectiveness of financial
incentives for smoking cessation at the work-place, it is
important to evaluate the broader costs and benefits of
such an intervention and to assess its cost-effectiveness
from a societal perspective, as well as from an employer’s
viewpoint. An economic evaluation of the costs and
benefits of using financial incentives at the work-place to
reduce smoking can improve the acceptability of incentives
to society [26], and could convince employers to offer a
smoking cessation programme with incentives to their
employees [27].

However, evidence on the cost-effectiveness of incen-
tives for smoking cessation is sparse. To our knowledge,
no study has yet performed a full economic evaluation of fi-
nancial incentives alongside a trial with a population of
employees who smoke. Additionally, to our knowledge, no
economic evaluation from an employer’s viewpoint has
been performed in this research field. One study that
involved financial incentives worth £400 for smoking ces-
sation during pregnancy found an incremental cost per
quitter of £1127 (US $1716) compared to routine care,
but measured only costs directly related to the smoking
cessation treatment and the incentives, but no other
health-care consumption, nor did the study assess quality

of life during the trial [28]. However, the benefits of quitting
smoking expressed in QALYs were estimated using a
Markov model, and the authors estimated incremental
costs of £482 (€541) per QALY [28]. Another study that
performed a cost–benefit analysis for a large cohort of
Medicaid enrollees found that providing quitline callers
with modest financial incentives was a cost-effective
method to increase cessation rates over a 10-year horizon
with a benefit–cost ratio of 1.30 [29].

Research has shown that health improvements among
employees who quit smoking can substantially reduce em-
ployers’ costs related to productivity losses and absentee-
ism, and can decrease societal costs as a whole [6,21,30].
When financial incentives are added to a smoking cessa-
tion programme, they will inevitably increase the costs of
the intervention at first. However, if adding a reward to a
smoking cessation programme increases the number of
quitters, the cost-effectiveness of the programme could be
improved, making financial incentives a short-term invest-
ment that pays off in the future.

The aim of the present study was to assess from both a
societal and an employer’s perspective the cost-
effectiveness (CEA) and cost–utility (CUA) of a work-place
smoking cessation group training programme with incen-
tives compared to a training programme without incen-
tives in Dutch employees who smoke. It is hypothesized
that providing financial incentives for quit success is associ-
ated with improved effects and health-related quality of life
and decreased costs.

METHODS

Reporting guidelines

This study follows the Consolidated Health Economic Eval-
uation Reporting Standards (CHEERS) Statement. [31]

Design

A trial-based economic evaluation was performed along-
side a cluster RCT, which has previously been described in
detail in another publication [24]. The RCTwas conducted
within 61 companies in the Netherlands. Employees in
both the intervention group and control groups partici-
pated in a smoking cessation training organized at the
work-place, provided by the Dutch company SineFuma.
SineFuma’s smoking cessation programme is registered in
the Dutch Stop Smoking Quality Register for proven effec-
tive interventions. The training consisted of seven sessions
of 90 minutes each, distributed over a period of 2 months.
As part of the smoking cessation training, participants
were informed about smoking cessation medication and
encouraged to consider using medication during their quit
attempt. Employees were recruited by the companies them-
selves. The aim of the RCT was to organize a single group

cost-effectiveness of financial incentives 535

© 2019 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction Addiction, 115, 534–545



training within each company, and it was not intended to
reach all smokers within a company. Participants in the in-
tervention group additionally earned gift vouchers with a
total amount of €350 if they quit smoking. Participants
received a digital voucher via e-mail, which was sent by a
research assistant if they were abstinent from smoking di-
rectly after finishing the smoking cessation programme
(€50), after 3 months (€50) and after 6 months (€50);
the last voucher of €200 was earned 12 months after
finishing the programme. The main outcome was success-
fully quitting smoking, defined as CO-validated and contin-
uous smoking abstinence, from the moment that the
participant had finished the training programme up to
12months later. Companies and participants were enrolled
between March 2016 and March 2017.

Participants

All participants who had participated in the RCT were in-
cluded into the current study. Participants were male and
female employees who were current tobacco smokers at
the start of the trial, aged at least 18 years and who did
not have a life-threatening disease at the start of the trial.

Identification of costs

The relevant costs that were identified were: intervention
costs, health-care costs, patient and family costs and costs
in other sectors [32,33]. Intervention costs consisted of
costs of the smoking cessation group training, costs of the
incentives and time costs. Health-care costs use included
visits to health-care providers, costs of medical treatments,
costs of overnight stay in hospitals, costs of home care and
costs of (smoking cessation) medications. Participant and
family costs included travel costs for visits to health-care
services and cost representing time spent by family mem-
bers providing informal care (such as domestic work or tak-
ing care of the children). Costs in other sectors consisted of
costs related to productivity, and will be referred to as ‘pro-
ductivity costs’ in the remainder of this paper. Productivity
costs included absenteeism from work, costs related to
presenteeism and costs for work breaks.

Measurement and valuation of costs

To measure all relevant resource use costs, a questionnaire
was designed for this study based on existing question-
naires [34–37]. Participants were asked to report the data
from their resource use questionnaire relating to the previ-
ous 3 months at baseline and at 2, 5, 8 and 14 months
follow-up, with a recall period of 2, 3, 3 and 6 months, re-
spectively. Online questionnaires were sent by e-mail, and if
participants preferred a paper version of the questionnaire
it was sent to them by post. Multiple e-mail reminders were
sent, and participants were called by telephone to remind

them to complete the questionnaire. Participants were
awarded a gift voucher of €25 if they had completed the fi-
nal questionnaire. The valuation of costs was based on
Dutch guidelines [32,38]. Cost prices were expressed in
2017 euros, based on the consumer price index (www.
statline.cbs.nl). Due to the short time horizon of 14months,
costs were not discounted. Health-care costs were esti-
mated using a bottom-up (or micro-costing) approach. A
detailed description of the cost valuation is presented in
Supporting information, File S1.

Effects

Smoking abstinence was measured by self-report and vali-
dated using expired air carbon monoxide (CO) measure-
ment. The research assistant visited the participants who
claimed to be abstinent from smoking at the work-place
to perform the CO measurement, or offered to travel to an
alternative location that was suggested by the participant.
If COmeasurements were higher than the cut-off point of 9
parts per million (p.p.m.), or if CO measurement could not
be performed, participants were considered to be smokers
(Russell’s Standard) [39]. The primary outcome for the
CEAwas cost per CO-validated continuously abstinent par-
ticipant (cost per successful quitter). The primary outcome
of the CUAwas cost per quality-adjusted life year (QALYs).
The utility value derived from the standard health-related
quality of life questionnaire, EuroQol-5D-5 L [40], using
Dutch tariff [41], was used to compute QALYs. The utilities
at the various time-points were used to compute QALYs
over the 14-month time horizon by means of the area un-
der the curve method, where the utility of a particular
health state is multiplied by the time in this state [33,42].
Costs (the use of resources) were measured continuously;
outcomes for the economic evaluation study were mea-
sured at baseline (T0), directly after finishing the smoking
cessation training programme (2 months after baseline,
T1) and 5 (T2), 8 (T3) and 14 months (T4) after baseline.

Statistical analyses

The analyses of the effect measure continuous abstinence
from smoking were performed according to an intention-
to-treat (ITT) protocol, where all withdrawals were consid-
ered to be smokers. For the cost analysis, only participants
who provided cost data for at least one follow-up measure-
ment point (T1–T4) were included [43]. Data were ana-
lyzed using IBM SPSS Statistics version 25 and Microsoft
Excel 2010. Differences between participants lost to
follow-up were tested using independent t-tests and χ2

tests. Two-sided P-values ≤ 0.05 were considered statisti-
cally significant. Individual mean imputation was used to
impute missing cost data [43]. Mean costs and 95% confi-
dence intervals (CI), as well as baseline differences in costs
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and utilities between the intervention and control group,
were assessed using bootstrapping (1000 replications).
The incremental cost-effectiveness ratio (ICER) was calcu-
lated by dividing the incremental costs by the incremental
effects/QALYs. Bootstrap simulations (5000 replications)
were conducted in order to quantify the uncertainty
around the ICER [44]. The bootstrapped cost-effectiveness
ratios were subsequently plotted on a cost-effectiveness
plane, which is divided into four quadrants by a vertical line
that reflects the difference in costs and the horizontal
line reflects the difference in effectiveness. The choice of
treatment depends upon the willingness to pay (WTP),
which is the maximum amount of money that society is
prepared to pay for a gain in effectiveness. Based on a re-
port of the Dutch National Health Institute, a WTP of
€20000 for an additional QALY was used in this study
[45]. There are no guidelines on theWTP for an additional
quitter. The bootstrapped ICERs were also depicted in a
cost-effectiveness acceptability curve (CEAC) showing the
probability that the use of incentives for smoking cessation
in a business setting is cost-effective over a range of ceiling
ratios. Additionally, to demonstrate the robustness of the
base case findings, sensitivity analyses were performed. A
sensitivity analysis was performed where respondents with
extremely high total costs (based on the 95th percentile)
were excluded, a complete case analysis was performed
where only participants who had completed all follow-up
questionnaires were included, an analysis from a societal
perspective was performed where self-reported smoking
abstinence was used as outcome measure instead of CO-
validated smoking abstinence and an analysis was per-
formed where only intervention costs were included.

ETHICS APPROVAL, REGISTRATION AND
DATA ACCESS

The current study was pre-registered in the Netherlands
Trial Register (NL5537) The study protocol was approved
by the Medical Research Ethics Committee METC Z in
Heerlen, the Netherlands (no. 16-N-13). Data access
requests can be made to the corresponding author.
The full study protocol can be accessed via Van den
Brand et al. [24].

Life-time perspective analysis

To provide an additional estimation of the cost-effectiveness
of the current intervention from a life-time perspective we
used the current intervention’s cost and effect data as in-
put, and used standardized tables from Stapleton & West
to determine the ICER [46]. The tables offer estimates of life
years gained by quitting smoking attributable to interven-
tions with different effect sizes. The life years gained are ad-
justed for future life-time cessation (proportion of smokers

who are expected to quit smoking in their life-time without
an intervention: 2.5% per annum) and are adjusted for re-
lapse after the final follow-up (12-month follow-up). The
ICERwas corrected for the proportion of study participants
within the age groups< 35, 35–54 and> 54 years. A dis-
count rate of 3.5% was used. The results in life years can
also be interpreted as QALYs, where the years are weighted
according to the quality of life that is experienced during
these years [46]. Because there are no verified utility
weights for ex-smokers and smokers for the Dutch popula-
tion, we followed the recommendations of Stapleton et al.
and assumed that 1 life year was equal to 1 QALY [46].
We contacted the authors [46] and they checked our
calculations.

RESULTS

Loss to follow-up

All 604 employees within 61 companies who had partici-
pated in the RCT were included in the current study
(Fig. 1); 406 participants (67%) completed all five cost
questionnaires, including baseline measurement (T0–T4);
41 participants (7%) did not provide cost data in any of
the follow-up questionnaires (T1–T4). Within these 41
participants, there were 10 individuals from whom cost
data of follow-up questionnaires were missing because
they completed a shortened version of the questionnaire.
After imputing missing values, cost data were available
for 563 participants (93%). Validated smoking cessation
data were available for 603 employees; one employee was
excluded from the analysis due to unavoidable loss to
follow-up according to Russell’s Standard [39]. The partic-
ipants who did not provide any cost data were more likely
to be in the intervention group (9.4 versus 3.9%,
P = 0.007), had a higher mean Fagerström score (5.5 ver-
sus 4.3, P > 0.001), had on average more pack years
(mean 29.2 versus 22.1, P = 0.046), were more often
lower-educated (45.7 versus 26.3%, P = 0.037) and more
often had a lower income (66.7 versus 31.5%, P< 0.001),
but did not differ significantly in age or sex.

Participant characteristics

Participant characteristics and mean costs 3 months prior
to baseline are presented in Table 1. Therewere no baseline
differences between groups for total overall costs. Total
health-care costs were higher in the control group
(P = 0.03); there were no differences between groups for
patient and family costs or productivity costs.

Costs and effects

Mean 14-month resource use is displayed in Table 2. The
largest costs for both groups were those related to
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productivity in general, and within this subcategory the
costs of work breaks were the highest. Mean total health-
care costs, participant and family costs and productivity
costs did not differ significantly between intervention and
control groups. The cost of the subcategory absenteeism
was significantly higher in the intervention group than in
the control group. The effect analyses showed that signifi-
cantly more participants quit smoking in the intervention
group (131 of 319 = 41.1%) than in the control group
(75 of 284 = 26.4%). Of the 206 participants who were
validated abstinent from smoking, 205 (99.5%) had a CO
score < 6 p.p.m. at the final follow-up measurement (the
single remaining participant had a CO score of 9). The
14-month QALY scores were not significantly different be-
tween the intervention and the control group. Comparing
14-month QALY scores between participants who were
continuously abstinent [QALY= 1.071, standard deviation
(SD) = 0.125] to unsuccessful quitters (QALY = 1.057,
SD = 0.153) showed no significant difference (t

(560) = 1.14, P = 0.256). Total volumes and costs during
the entire 14-month follow-up period are presented in
Supporting information, Table S1.

Cost-effectiveness analyses at 14 months

The intervention condition with incentives resulted in
higher costs and in higher effects compared to the control
group (Table 3). The incremental costs or costs for an addi-
tional quitter from a societal perspective were €11546.
The cost-effectiveness plane for the main analysis from
the societal perspective shows that most (92%) of the

bootstrapping results lie in the north-east quadrant
(Fig. 2a). The corresponding cost-effectiveness acceptabil-
ity curve shows that the probability that the intervention
is cost-effective is 80% (at €20000 per abstinent smoker)
up to 97% (at €40000 per abstinent smoker).

The sensitivity analysis from a societal perspective
where participants with the highest costs (above the 95th
percentile) were removed showed an ICER of €3432, and
the complete case analysis showed an ICER of €17610.
The CEA from an employer’s perspective showed ICERs
varying between €1124 and €12117 (see Table 4 for all
sensitivity analyses). The bootstrapped results are mainly
presented in the north-east quadrant of the cost-
effectiveness plane (Fig. 2b). This indicates that the
intervention was more effective although more costly, but
also reveals that there was large uncertainty surrounding
the ICER.

Cost–utility analyses at 14 months

Mean QALY scores were comparable between intervention
and control group (1.05 versus 1.07, P= 0.205), while the
costs were higher in the intervention group from both soci-
etal and the employer’s perspectives (Table 3). In the study,
172 of 563 participants (31%) reported the maximum
score of QALYs during the entire 14-month period (not
shown in Table 3). The cost-effectiveness planes of the
main and sensitivity analyses show that the bootstrapped
replications were distributed around the origin, and there-
fore no effect for QALYs could be detected (Fig. 2c,d). The
ICUR from the main analysis from a societal perspective

Figure 1 Flow-diagram of the study showing number of participants (n) who provided cost data at each measuring point
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was €128280 and the ICUR from an employer’s perspec-
tive was €76810. With a ceiling ratio of €20000 per
QALY, this means that the intervention was dominated
by the control condition for both societal and the em-
ployer’s perspectives.

The sensitivity analyses showed that the ICURs from a
societal perspective varied between €41217 and
€211411; the ICURS from an employer’s perspective var-
ied between € 12249 and €145921 (not shown in
Table 3).

Cost-effectiveness estimates from a life-time perspective

The estimation of costs from a life-time perspective was
based on the ICER tables of Stapleton & West [46], using
an incremental intervention cost of €189, an incremental
cessation percentage of 17.0 and a discount rate of 3.5%.
Adjusting the results for the proportion of participants
within the age categories < 35 (18.0%), 35–54 (61.8%)
and > 54 years (20.2%) showed an incremental cost per
(quality-adjusted) life year of €1249 (95% CI = €850–
2387). A more detailed overview of the calculations is pre-
sented in Supporting information, File S2.

DISCUSSION

In the current study a cost-effectiveness and cost–utility
analysis were performed alongside a randomized controlled
trial involving financial incentives for smoking cessation.
From a societal perspective, the results of the main cost-
effectiveness analyses using a 14-month follow-up period
showed that the intervention condition with incentives is
cost-effective if society is willing to pay €11546 for an ad-
ditional quitter or if the employer is willing to pay €5686
per quitter. The cost-effectiveness acceptability curves dem-
onstrate that provided that the ceiling ratio is high enough
(approximately €20000), there is a high probability that
the intervention will be cost-effective.

The cost–utility analyses did not find an improvement
in QALYs within the 14-month follow-up period. Given a
WTP of €20000 per QALY, the intervention condition
was dominated by the control condition from both societal
and the employer’s perspectives. The corresponding cost-
effectiveness acceptability curves demonstrated that,
within the trial’s follow-up period, the probability that the
intervention was cost-effective was less than 10% at the
€20000 ceiling ratio. The estimates from a life-time per-
spective, where ICER tables were used with input from
the trial’s cost and effect data, showed an incremental cost
per QALY of €1249. This amount is far below the WTP
threshold of €20000 per QALY [45].

The current study is the first full economic evaluation,
to our knowledge, of a trial with incentives for smoking
cessation at the work-place. Therefore, results cannot be
compared to previous work. Because there is no accepted
monetary cut-off point for smoking abstinence, it is difficult
to conclude when a smoking cessation intervention is cost-
effective. A studywith pregnant women found incremental
costs per additional quitter of £1127 (€1265) [28] and

Table 1 Baseline participant characteristics of control group and
intervention group and health-care costs and absenteeism costs
of 3 months prior to baseline (n = 604)

Variable
Intervention group
(n = 319)

Control group
(n = 285)

Age, mean (SD) 43.9 (10.4) 46.6 (9.7)
Gender, n (%)
Women 102 (32.0) 121 (42.5)
Men 217 (68.0) 164 (57.5)

Educational level, n (%)
Low 97 (30.4) 62 (21.8)
Moderate 136 (42.6) 119 (41.8)
High 75 (23.5) 90 (31.6)
Missing 11 (3.4) 14 (4.9)

Income level, n (%)
Low 111 (34.8) 68 (23.9)
Moderate 91 (28.5) 84 (29.5)
High 76 (23.8) 105 (36.8)
Missing 41 (12.9) 28 (12.5)

FTNDa (range = 0–10),
mean (SD)

4.4 (1.9) 4.5 (2.0)

Pack years, mean (SD) 21.6 (13.2) 23.5 (13.0)
QALYb, mean (SD) 0.90 (0.13) 0.91 (0.13)
Health-care costs (€),
mean (SD)
General practitioner 21 (35) 22 (41)
Occupational doctor 10 (43) 11 (42)
Hospital 76 (334) 134 (624)
Other care 54 (103) 72 (148)
Home care 0 (4) 4 (63)
Medication 21 (81) 73 (528)
Smoking cessation
medication

1 (13) 1 (6)

Smoking cessation
coach

7 (19) 5 (17)

Total health-care costs 189 (399) 318 (912)
Participant and family
costs
Travel and parking
costs

13 (15) 15 (21)

Informal care 115 (475) 61 (236)
Total participant and
family costs

127 (477) 76 (246)

Productivity costs (€),
mean (SD)
Absenteeism 456 (1320) 364 (1061)
Presenteeism 289 (1198) 210 (674)
Work breaks 1655 (848) 1640 (913)
Total productivity costs 2356 (2137) 2165 (1647)
Total costs 2623 (2534) 2551 (2096)

aFagerström Test for Nicotine Dependence;
b
quality-adjusted life years.

SD = standard deviation.
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Table 2 Mean 14-month costs of intervention and control group (1000 bootstrap replications)

Cost type Costs per group (€), mean (SD) Difference (95% CI)

Societal perspective Intervention group Control group Intervention–control group

Intervention costs (n = 319/285)
Incentives 189 (9) – 189 (171 to 206)
Smoking cessation group training 421 421 0
Time attending training (within working hours) 389 389 0
Total intervention costs 998 (9) 809 189 (173 to 205)

Health-care costs (n = 289/274)
General practitioner 103 (8) 89 (7) 14 (�5 to 36)
Occupational doctor 95 (15) 49 (9) 45 (12 to 78)
Hospitala 919 (200) 600 (93) 319 (�67 to 781)
Other careb 353 (40) 282 (26) 71 (�19 to 166)
Home care 175 (144) 15 (13) 160 (�26 to 474)
Medication 158 (61) 268 (101) �110 (�381 to 97)
Smoking cessation medication 76 (9) 50 (10) 26 (�2 to 52)
Smoking cessation coach 59 (6) 72 (6) �13 (�32 to 4)
Total health-care costs 1942 (318) 1423 (167) 519 (�122 to 1274)

Participant and family costs (n = 289/274)
Travel and parking costs 62 (5) 58 (4) 5 (�7 to 17)
Informal carec 761 (122) 484 (137) 278 (�119 to 644)
Total patient and family costs 833 (122) 557(141) 276 (�103 to 615)

Productivity costs (n = 289/274)
Absenteeism 3436 (370) 2458 (292) 978 (52 to 1932)
Presenteeism 1486 (207) 1292 (211) 194 (�387 to 823)
Work breaks 7135 (195) 7318 (227) �183 (�747 to 403)
Total productivity costs 12 079 (529) 11 091 (486) 988 (�427 to 2417)

Employer’s perspective Intervention group Control group Intervention–control group

Intervention costs (n = 319/285)
Incentives 189 (9) – 189 (171 to 206)
Smoking cessation group training 421 421 0
Time attending training (within working hours) 389 389 0
Total intervention costs 998 (9) 809 189 (173 to 205)

Productivity costs (n = 289/274)
Absenteeism 3436 (370) 2458 (292) 978 (52 to 1932)
Presenteeism 1486 (207) 1292 (211) 194 (�387 to 823)
Work breaks 7135 (195) 7318 (227) �183 (�747 to 403)
Total productivity costs 12 079 (529) 11 091 (486) 988 (�427 to 2417)

aThis includes the costs of: visits to a medical specialist, day care treatment, days hospitalized, visits to the emergency department and ambulance rides. bThis
includes the costs of: visits to a medical assistant, occupational therapist, dietitian, speech therapist, physical therapist, psychologist, skin therapist, dentist,
dental hygienist, pedicure, social worker and alternative medicine. cInformal care includes unpaid work such as domestic work; for example, taking care of
the children, grocery shopping or volunteer work. CI = confidence interval; SD = standard deviation.

Table 3 Incremental costs per quitter and per QALY gained for the incentive versus control group, societal perspectives

Total costs Total effects

Analysise Effect measure
Intervention
group

Control
group Δ costs

Intervention
group

Control
group

Δ
effects ICERa

Cost-effectivenessf Quit smokingb €15869 €13928 €1942 0.44 0.27 0.17 €11546
Cost–-utilityg QALYc €15869 €13889 €1980 1.055 1.070 �0.02 Dominatedd

aCalculated based on the formula for ICERor ICUR, i.e. (Ci – Cc) / (Ei – Ec). bCoded as 1 = abstinent and 0 = not abstinent. cBased on the Dutch tariff of the EQ-
5D-5 L. dICUR = €128 280. eOnly participants were included in the cost-effectiveness analyses who completed at least one cost questionnaire, therefore the
data in this table differ from the RCT data. fIntervention group n = 289, control group n = 273.

g
Intervention group n = 289, control group n = 274.

QALY = quality-adjusted life years; RCT = randomized controlled trial; ICUR = incremental cost–utility ratio; ICER = incremental cost-effectiveness ratio.
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three internet-based smoking cessation interventions con-
ducted in the Netherlands showed ICERs between €1500
and €50400 (amounts uncorrected for inflation and time
preferences) [47–49]. From the perspective of an employer,
WTP for incentives for smoking cessation will form an im-
portant part, depending on whether or not it eventually

saves costs. In a study conducted in the United States [6],
the annual excess cost of an employee who smokes was
estimated to be $5816 (€5141, uncorrected amount). Al-
though costs in the Netherlands may differ, and this
amount needs to be interpreted as a general indication, it
shows that an employer can benefit within a relatively

Figure 2 Cost-effectiveness planes (left) and corresponding cost-effectiveness acceptability curves (right) for the main analyses from societal and an
employer’s perspectives for the outcomes quitting smoking and quality of life. QALY = quality of life years [Colour figure can be viewed at
wileyonlinelibrary.com]
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short period of time byoffering incentives, and that it there-
fore may be a good investment.

Estimation of the incremental costs per life year, which
we calculated using ICER tables that were developed to
provide estimates of cost-effectiveness from a life-time
perspective [46], showed an ICER of €1249. This result
gives an indication that financial incentives may be a very
cost-effective intervention from a long-term perspective.

Contrary to our hypothesis, we could not detect an im-
provement in quality of life within the 14-month follow-up
period of the trial. An explanation for the lack of improve-
ment of QALYs in the intervention group may be the with-
drawal symptoms [50] and anhedonia [51] associatedwith
smoking cessation, which would have beenmore prevalent
in the intervention group with more successful quitters.
Additionally, the time horizon of 14 months in the current
trial may be too short to detect long-term improvements in
health-related quality of life, as previous research found
higher quality of life scores in smokers who had quit
for 1–3 years and longer compared to current smokers
[52–54]. Of course, although quitting smoking can lead
to short-term health improvements, such as a decrease in
coughing and shortness of breath [55], the time-frame of
this study was too short to fully assess the most important
health benefits of quitting smoking; namely, the reduced
risk of life-threatening disease and mortality [2]. In the
pregnancy study by Boyd et al. [28], the life-time benefits
of quitting smoking expressed in QALYs were estimated
using modelling techniques to estimate long-term cost-
effectiveness and cost–utility, and based on these results
concluded that financial incentives were a cost-effective
method to stimulate smoking cessation.

As may be expected from a general population of
healthy employees [41], the QALY scores in both groups
were extremely high, with an average baseline score of
0.90 and almost one-third of participants reporting the
maximum utility score in the follow-up period. Therefore,
there may have been a ceiling effect in a large proportion
of the study population which prevented us from finding

improvements in QALY scores [56]. As was suggested in
previous research, the Euroqol-5D-5 L may not have the
discriminative power to detect changes in a healthy popu-
lation [57]. Changes in health-related quality of life have
been detected within 1 year in studies using alternative
measures such as positive affect, craving and frequency of
stressful events [54,58]. Therefore, a measuring instru-
ment more specific to healthy employees should be devel-
oped that is sensitive enough to assess changes in health-
related quality of life within the relatively short follow-up
time of trial-based economic evaluation studies.

Strengths and limitations

To thebest ofourknowledge, this is thefirst studyevaluating
the cost-effectiveness and cost–utility of incentives for suc-
cess in quitting in combination with a smoking cessation
programme at thework-place. A strength of this trial-based
economicevaluation is that there isadirect linkbetween the
costandeffect databecause theseweremeasuredwithin the
same study population. Additionally, this study measured a
broad array of health-care costs, and included productivity
lossesandpatientandfamilycosts.Theeconomicevaluation
was performed from both societal and the employer’s per-
spectives, which increases the relevance and applicability
of the results. Another strength of this study is that the out-
come smoking abstinence was not based merely on self-
report, but was biochemically validated by an independent
research assistant. The current study also has some limita-
tions. The follow-up period of 14 months may have been
too short to measure important health benefits related to
smoking cessation, which should be addressed in future
studies. Nevertheless, the cost-effectiveness estimates from
a life-time perspective based on ICER tables [46] provide an
indication that financial incentives may be a very cost-
effective intervention inthe longterm.However, a limitation
of the ICER tables is that they only consider the costs of the
intervention and not costs and benefits from a broader per-
spective, such as employer’s or societal perspectives [46].

Table 4 Results from cost-effectiveness analyses for the outcome quitting smoking for intervention and control group based on 5000
bootstrap replications: ICERS and distributions on the cost-effectiveness plane

Sensitivity analysesa ICERb North East South East (dominant) South west North West (inferior)

Society main analysis €11546 0.92 0.08 0.00 0.00
Society 95th percentile €3432 0.78 0.22 0.00 0.00
Society complete case €17610 1.00 0.00 0.00 0.00
Society self-reported abstinence €12826 0.93 0.07 0.00 0.00
Employer main analysis €5686 0.83 0.16 0.00 0.00
Employer 95th percentile €2638 0.73 0.26 0.00 0.00
Employer complete case €12117 0.99 0.01 0.00 0.00
Intervention costs only €1124 1.00 0.00 0.00 0.00

aSociety = analysis based on a societal perspective where all costs are included; employer = analysis based on an employer’s perspective where only interven-
tion costs and productivity costs are included. bCalculated based on the formula ICER = (Ci – Cc) / (Ei – Ec). ICER = incremental cost-effectiveness ratio.
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Another limitation of the current studywas that the incen-
tives were still in place at the final follow-upmoment. How-
ever, previous studies and a meta-analysis of financial
incentives for smoking cessation have provided evidence
for a sustained effect of financial incentives after the incen-
tives were removed [15,16,59]. Because a proportion of
the participants did not complete all questionnaires, some
cost data had to be imputed. However, the complete case
analysis showed comparable results, which strengthens
confidence in the data. Furthermore, cost data were based
on self-report, which may be prone to bias, and the retro-
spective nature of the questionnaires may have led to recall
bias, which may have caused an over- or underestimation
of costs [60]. A systematic review comparing self-reports
and administrative data to measure health-care resource
use for cost estimation found that althoughpatientsmay re-
port lower resource use, self-reported datamayprovide ade-
quate estimates when administrative data are not available
[61]. Regarding the reliability and validity of self-reports to
measure absenteeism from work a meta-analysis found,
compared to employer records, a tendency to under-report
absenteeism, which was reduced if the self-report was fo-
cused specifically on absence due to sickness, as was per-
formed in the current study [62]. Moreover, in the current
study, a potential bias in the reporting of resource use is ex-
pected to be comparable for both the intervention and con-
trol group. A final limitation is that the current study was
designed to include a limited number of employees within
each company. To maximize the impact of financial incen-
tives, it should be further investigated how the reach of the
intervention among employees can be increased.

CONCLUSION

Financial incentives were cost-effective in increasing the
number of successful quitters from both societal and an
employer’s perspectives within a 14-month time-frame, de-
pending on how much society or the employer is willing to
pay for an additional quitter. The results of the cost–utility
analysis within the 14-month time-frame were inconclu-
sive, due probably to the relatively short observation pe-
riod. The results from a life-time perspective showed that
financial incentives were far below the WTP threshold of
€20.000 per QALY.

The current study demonstrates that providing finan-
cial incentives for smoking cessation may be cost-effective
within a short time-period, and may help policymakers
and employers to decide on implementing incentives to
stimulate smoking cessation.

Clinical Trial registration

Netherlands Trial Register (NL5537).
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