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AbstrAct
Objectives This study aimed to compare the cost-
effectiveness estimates of a brief counselling of smoking 
cessation in dentistry by using two different health 
economic models.
Design and outcome measures Intervention 
effectiveness was estimated in a cluster randomised 
controlled trial. The number of quitters was estimated 
based on 7-day abstinence and on smoking reduction at 
follow-up. Health economic evaluation was performed 
using two models: (1) a population-based model employing 
potential impact fractions and (2) a Markov model 
estimating the cost-effectiveness of the intervention for 
the actual participants. The evaluation was performed from 
healthcare and societal perspectives, and health gains 
were expressed in quality-adjusted life-years (QALYs).
Setting Dental clinics in Sweden.
Participants 205 Swedish smokers aged 20–75 years.
Interventions A brief, structured behavioural intervention 
was compared with ‘usual care’.
Results The cost per quitter was US$552 in the 
intervention and US$522 in the ‘usual care’ condition. The 
net saving estimated with the population-based model 
was US$17.3 million for intervention and US$49.9 million 
for ‘usual care’, with health gains of 1428 QALYs and 2369 
QALYs, respectively, for the whole Swedish population 
during 10 years. The intervention was thus dominated by 
‘usual care’. The reverse was true when using the Markov 
model, showing net societal savings of US$71 000 for the 
intervention and US$57000 for ‘usual care’, with gains 
of 5.42 QALYs and 4.74 QALYs, respectively, for lifelong 
quitters.
Conclusion The comparison of intervention and ‘usual 
care’ derived from small-scale studies may be highly 
sensitive to the choice of the model used to calculate cost-
effectiveness.
Trial registration The cluster randomised trial is 
registered in the ISRCTN register of controlled trials with 
identification number ISRCTN50627997.

IntroductIon
Despite continuously declining prevalence, 
cigarette smoking contributes to 7.5% of the 
burden of disease in Sweden1 and was esti-
mated to stand for 6.7% of the national costs 
for healthcare and loss of production in 2001.2 

Quitting smoking substantially decreases the 
risk for its negative health consequences3 
through a notable reduction in the risks for 
cancer, cardiovascular disease and diabetes.3–5

Healthcare providers in Sweden are 
encouraged to offer their patients support for 
smoking cessation.6 Optimally, such interven-
tions should be of low intensity in order to be 
delivered as a part of the routine care. Due 
to the high proportion of the general popula-
tion visiting dental care regularly and for the 
oral health consequences of smoking, dental 
clinics are a particularly suitable setting for 
the delivery of brief smoking cessation coun-
selling.7 8 However, counselling in dentistry is 
currently underused and will remain so unless 
training of professionals and changes in 
the health system are introduced.9 10 Health 
economic evaluations offer the possibility 
to compare interventions in terms of their 
costs and health effects, thus facilitating deci-
sion making.

Evaluations have so far confirmed the effec-
tiveness and cost-effectiveness of smoking 
cessation interventions.11 Brief advice for 
smoking cessation has also been found cost-ef-
fective,12 13 but economic evaluations of such 

Strengths and limitations of this study

 ► The cost-effectiveness of a brief counselling for 
smoking cessation in dentistry was assessed using 
two different models: an individual-level Markov 
model and a population-based model.

 ► The comparison of the two models' estimates, due 
to different modelling assumptions, illustrates the 
importance of model choice.

 ► The non-significant differences in the effectiveness 
of the novel intervention compared with the control 
condition imply uncertainty of the subsequent 
economic evaluation.

 ► The uncertainty of the estimates is further increased 
by the assumptions made on long-term quit rates.

Economic evaluation of a brief 
counselling for smoking cessation in 
dentistry: a case study comparing two 
health economic models

Suvi Erika Virtanen,1 Maria R Galanti,1 Pia M Johansson,2 Inna Feldman3 

to cite: Virtanen SE, 
Galanti MR, Johansson PM, 
et al.  Economic evaluation of 
a brief counselling for smoking 
cessation in dentistry: a case 
study comparing two health 
economic models. BMJ Open 
2017;7:e016375. doi:10.1136/
bmjopen-2017-016375

 ► Prepublication history and 
additional material are available. 
To view these files please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2017- 
016375).

Received 9 February 2017
Revised 23 May 2017
Accepted 25 May 2017

1Department of Public Health 
Sciences, Karolinska Insitutet, 
Stockholm, Sweden
2Public Health and Economics, 
Stockholm, Sweden
3Department of Public Health 
and Caring Science, Uppsala 
Universitet, Uppsala, Sweden

Correspondence to
Inna Feldman;  inna. feldman@ 
pubcare. uu. se

Research

group.bmj.com on February 1, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-016375
http://dx.doi.org/10.1136/bmjopen-2017-016375
http://dx.doi.org/10.1136/bmjopen-2017-016375
http://crossmark.crossref.org
http://bmjopen.bmj.com/
http://group.bmj.com


2 Virtanen SE, et al. BMJ Open 2017;7:e016375. doi:10.1136/bmjopen-2017-016375

Open Access 

interventions in dental care are sparse. Cost-effectiveness 
estimates obtained from other healthcare settings may not 
apply to dentistry. In fact, among smoking patients seen 
in dental care, there is an over-representation of healthy 
individuals and light smokers not very motivated to quit. 
Also, dental care professionals and dental clinics’ organi-
sation may have lower capacity to address lifestyle factors 
compared with other healthcare settings, thus impacting 
on the delivery of preventive advice. One Swedish study 
conducted an economic evaluation of high- and low-in-
tensity smoking cessation interventions in dental care,14 
but because of their intensity, neither of these formats 
could be considered as brief advice. In summary, the 
knowledge about cost-effectiveness of smoking cessation 
interventions in dental care is incomplete.15

The majority of cost-effectiveness studies of 
smoking cessation treatments use mathematical model-
ling based on simulation techniques.16 Different 
models have been developed to reflect the influence 
of smoking and smoking cessation on future health 
risks. Bolin16 emphasised two types of models: the 
more common individual-level Markov models17 18 and 
the dynamic population-based simulation models that 
allow for the user to specify epidemiological details of 
the studied population.19 20 Markov models are typically 
used to evaluate the cost-effectiveness of an intervention 
in a specific setting for the intervention’s target group, 
while dynamic population-based models are often used 
to estimate policy impact on public health. The estimates 
obtained with these two approaches may differ, as may the 
implications for decision making.

In this study, we present a comparison of two cost-ef-
fectiveness estimates of a brief structured counselling for 
smoking cessation delivered in the context of dental care 
in Sweden, the effectiveness of which was assessed in a 
randomised controlled trial (FRITT study).21 The study 
was guided by the following research question: Does the 
estimates of cost-effectiveness of a brief counselling for 
smoking cessation in dentistry differ when estimated with 
a population-based model compared with an individu-
al-based Markov model?

Methods
The study was approved by the ethical review board of 
Stockholm Region, 15 March 2012 (no 2012/237-31/5). 
The participants were included in the study only after 
they had given written informed consent.

the intervention
The economic evaluation was conducted based on data 
from a cluster randomised controlled trial that compared 
brief counselling for tobacco cessation with usual care 
provided to Swedish tobacco users in dental clinics.21 The 
study is registered in the ISRCTN register of controlled 
trials with identification number ISRCTN50627997. The 
English translation of the original study protocol is avail-
able as see supplementary file 1.

Briefly, 27 dental care clinics were randomised to 
either alternative intervention or control condition and 
recruited thereafter patients aged 18–75 years who were 
daily tobacco users (figure 1). Follow-up was conducted 
6 months after enrolment (97% retention). All infor-
mation was self-reported by the patients. Dental clinics 
were approached between May and August 2012. The 
training of personnel was delivered during September 
2012. Patients were recruited between October 2012 and 
January 2013, and the 6-month follow-up was completed 
in November 2013. The intervention consisted of a struc-
tured brief advice based on the 5A’s model delivered 
once during a dental visit performed by a dentist or a 
dental hygienist. The control condition implied deliv-
ering care as usual according to the clinic’s routines, 
if any. Approximately half of the clinics in the control 
condition had personnel trained in tobacco cessation and 
routines concerning patients’ tobacco use. All patients at 
intervention clinics and approximately 72% of patients at 
control clinics received some level of advice on tobacco 
use. However, counselling at intervention clinics was on 
average more extensive, including for instance informa-
tion on available support and pharmacological treatment 
almost 10 times as often as on control clinics. While 
tobacco cessation advice, if received, lasted on average 
3.5 min at the control clinics, the duration was 5 min 
longer (ie, 8.5 min) at intervention clinics.

the study sample
In the main study,21 participants (n=467) consisted 
of current daily smokers (n=218), current snus users 
(n=200) and dual users of cigarettes and snus (n=41). Due 
to the much less established burden of disease caused by 
the Swedish type of smokeless tobacco (snus),22 only data 
from smokers were used in the current economic evalua-
tion. In addition, we restricted the analysis to individuals 
aged 20 years or older because the population-based 
model was limited to adult population 20–84 years old. 
There were 13 participants younger than 20 years, and 
none of these individuals changed smoking habits. Thus, 
the analytical sample from the effectiveness study on 
which the present economic analysis is based comprised 
99 smokers in the intervention condition and 106 smokers 
in the control condition (‘usual care’).

When the analysis was limited to smokers, no statisti-
cally significant differences between intervention and 
control group were seen in any of the studied outcomes.

The primary outcome, 7-day point prevalence of absti-
nence, was defined as ‘having smoked 0 cigarettes in the 
7 days preceding the survey’. This condition was self-re-
ported by 8% of participants both in the intervention 
and in the usual care condition. A secondary outcome 
entailing substantial tobacco reduction was calculated as 
reporting at follow-up an amount of cigarettes per day 
equal to or less than 50% of that reported at baseline. 
This reduction was achieved by 27% of participants in the 
intervention condition and by 17% in the comparison 
condition.
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Figure 1 CONSORT flowchart. Enrolment, allocation and retention of participants.

economic evaluation
We aimed to conduct an incremental cost-effectiveness 
analysis with long-term health effects. The alterna-
tive intervention was compared with ‘usual care’. The 
costs and health effects were estimated according to 
the Swedish recommendations23 on economic evalua-
tions of healthcare interventions. Therefore, costs were 
calculated from healthcare and societal perspectives, 
while health effects are expressed in quality-adjusted 
life-years (QALYs). The intervention under study was 
conducted in 2012; thus, the intervention costs as well 
as societal costs in the models were estimated in Swedish 
crowns per 2012. Furthermore, the costs were inflated 
to reflect 2014 costs according to the Swedish consumer 
price index24 and converted to 2014 US dollars using 
the purchasing power parity estimates with CCEMG–
EPPI-Centre Cost Converter (http:// eppi. ioe. ac. uk/ 
costconversion/ default. aspx).

Both costs and QALYs were discounted 3% annually. 
Long-term costs and health effects were simulated using 
the two models to be compared:
1. A population-based simulation model employing 

potential impact fractions, where the intervention 
effect is assumed to change the incidence in tobacco-
related diseases, including diabetes mellitus type 2, 
cardiovascular disease (CVD), chronic obstructive 
pulmonary disease (COPD) and seven cancer 
diagnoses, above all lung cancer.

2. An individual-level Markov model incorporating 
the decreased smoking-related risks for lung cancer, 
COPD and CVD.

Intervention costs
Only the costs connected with the delivery of the inter-
ventions were included in the analysis. The quantity 
of resources consumed was obtained from the study’s 
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accounting records. The unit costs were obtained from 
national public databases, from suppliers’ websites and 
from the organisers of the training. Total intervention 
costs were obtained by multiplying the volume of each 
cost category by its respective unit cost. Intervention costs 
were divided into training and operating costs. The costs 
were not discounted because the interventions was deliv-
ered during 4 months.

Training costs for the brief advice included costs for 
salary and travel costs for the trainer, venue and mate-
rials, as well as allowance for training time for trainees 
(4 hours per dental professional). Only 20% of the 
total costs were considered, in order to accommodate 
for the spread over a 5-year period before refresher 
training may be needed, as it was previously done in 
similar studies.25 26 The number of patients who smoke, 
per dental care professional, was estimated based on 
the prevalence of smoking in Sweden27 and the average 
number of patients the practitioners in the trial reported 
seeing each year.

Operating costs represented the costs of delivering 
tobacco cessation counselling in intervention and ‘usual 
care’ conditions and were estimated based on the dura-
tion of the counselling and on average salaries including 
social charges.

Other costs connected with the interventions included 
patients’ time in attending counselling, based on the 
mean duration of the counselling, and use of nicotine 
replacement therapy (NRT) or other medications for 
tobacco cessation. Costing of patients’ time was estimated 
based on the opportunity cost of foregone leisure time 
and calculated at 25% of the Swedish average gross wage 
rate.28 The cost of medications was estimated based on 
the retail price of the most commonly used drugs and on 
the recommended duration of use.

To estimate the cost of the interventions if they were 
applied to the entire Swedish population, we estimated 
the number of daily smokers who visit dental clinics 
during a year. The number of smokers was obtained from 
national surveys,27 as was the number of adults visiting 
dental care each year.6 Each year, 449 000 smokers were 
estimated to visit dental care.

estimate of intervention effectiveness
The effectiveness of the novel intervention was esti-
mated from the trial’s outcomes, 7-day abstinence and 
smoking reduction by half. We assumed that reducing 
cigarette consumption by half would lead to sustained 
abstinence for 15% of the reducers,29–32 while all quit-
ters were assumed to maintain abstinence. On the 
population level, the change in smoking prevalence 
was calculated by multiplying the proportion of quit-
ters due to the intervention by the number of smokers 
seeking dental care each year. In the health economic 
evaluation, we assume that the estimated quitters will be 
continuously abstinent after the study’s end (6-month 
follow-up).

Population-based simulation model
We simulated the impact of changes in incidence of and 
related societal costs for several chronic diseases during 
10 years, following the assumed changes in smoking 
prevalence because of the interventions in the Swedish 
population 20–84 years old in 2014. A model that incor-
porates four lifestyles factors, denominated ‘Risk factors, 
health and societal costs’,33 was used, with only the 
smoking domain estimates employed for this study. The 
model simulates effects on health outcomes associated 
with smoking, including diabetes mellitus type 2, isch-
aemic heart disease, ischaemic and haemorrhagic stroke, 
COPD and cancer of the lung, oesophagus, liver, larynx, 
stomach, pancreatic, colon and rectum.

The model uses a modified version of the potential 
impact fraction,34 35 where the intervention effect changed 
the relative risk (RR) of disease of the exposed category 
(smokers), while keeping the prevalence of exposed cate-
gory constant. In our case, the RR changes for smokers 
when some of them quit.

 PIF = Ps∗RRs−Ps∗RRs′
Ps∗RRs  (1)

where:
Ps is the prevalence of smoking,
RRs is the relative risk of disease associated with 

smoking,
RRs′ is the changed relative risk of disease after the 

intervention when a part of smokers have quit.
The incidence rate of the disease after this change in 

the related risk factor (I′) becomes:

 I′ = I ∗ (1 − PIF) (2)

where  is the original incidence rate.
The RRs for smokers compared with non-smokers were 

estimated from epidemiological studies, as presented in the 
technical report,33 and additionally ischaemic heart disease, 
ischaemic and haemorrhagic stroke,36–39 COPD40 41 and 
different cancers.42 43 The changing RRs′were calculated 
for every year and every disease, based on the decrease 
in risks for ex-smokers over time. For ischaemic heart 
disease, stroke, COPD and lung cancer, we used the esti-
mations presented in Hurley and Matthews.44 We assumed 
that risks for ex-smokers for diabetes mellitus follow the 
pattern of CVD decrease while the risks for other cancer 
diagnoses decrease linearly during 20 years. The QALY 
weights were used to describe the losses in health-related 
quality of life (QoL) due to the diseases. The weights are 
community based, derived via the EuroQol (EQ)‐5D clas-
sification system with the UK time‐trade‐off valuations.45 
The time horizon is 10 years so the economic and health 
gains were calculated based on decreased incidence of the 
diseases during 10 years. The societal costs include medical 
treatment costs and municipal costs for care; hence, the 
model adopted a limited societal perspective as patient 
and productivity costs are not included. Swedish national 
registers were used to retrieve disease incidence and 
disease-specific medical care costs, while municipal care 
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costs were estimated via a Swedish study. The model was 
developed in Excel (Microsoft Office, 2010); details of the 
model are published in a technical report.33

Markov model
A Markov model was used to estimate health conse-
quences and societal costs of smoking cessation.46 The 
model has been used in similar studies in Sweden14 47 and 
was updated for the purpose of the current analysis. The 
model simulates the societal effects of quitting smoking 
on three diseases: lung cancer, COPD and CVD, including 
coronary heart disease and stroke. The model incorpo-
rates the smoking-related disease risks, time-dependent 
remaining excess disease risks after quitting, the death 
risks for the specific and for unrelated diseases, as well as 
the societal effects of the three diseases. All disease risks 
are annual age- and gender-specific excess incidence until 
death or the age of 95 years. The societal costs include costs 
associated to medical treatment, municipal costs for care, 
drugs, informal care and other expenditures for patients 
and relatives as well as morbidity productivity costs. 
Health outcomes are expressed in QALYs. The number 
of QALYs were calculated during healthy years and years 
spent diseased, until death or the age of 95 years. Swedish 
average age- and gender specific QoL weights were used 
for healthy years.48 For years with disease, disease-specific 
QoL decrements taken from international studies were 
deducted from the average QoL.

Most of the societal costs were derived from Swedish 
studies published during the 2010s and were reported as 
distributions, that is, with the gamma parameters or boot-
strapped 95% CI, in order to enable stochastic estimation.

The Markov stages are 1 year long, with no half-cycle 
correction. The probabilistic model is run as a microsim-
ulation with 10 000 repetitions. The Markov cycle tree was 
created in Treeage Pro (Treeage, 2015). Details on the 
model are available from a technical report.46

sensitivity analyses
Several one-way sensitivity analyses were conducted to test 
the robustness of the results. First, we examined the effect of 
changing the assumptions about the proportion of smokers 
assumed to achieve permanent abstinence after reducing 
consumption by half to (1) 5% and (2) 25%. Second, we 
examined the effect of changing the assumption of inter-
vention coverage of dental care patients to 70%. Third, we 
included the full training costs into the intervention costs.

To illustrate the correspondence between the two 
models and to increase understanding of the compari-
sons, a detailed calculation restricted to one gender and 
age group was performed with the same time frame (10 
years), using only the healthcare perspective.

results
Intervention costs
Table 1 shows the costs of the interventions. Most of the 
interventions’ costs could be attributed to the use of NRT 
and other medications.

Total cost for the brief advice was estimated at US$56 per 
smoker, and the difference in costs between the interven-
tion and ‘usual care’ was US$6.5. The cost per quitter 
was US$552 in the intervention and US$522 in the ‘usual 
care’ condition. If delivered to all Swedish smokers 
visiting dental care every year, the total costs would be 
US$25.0 million per year for the alternative intervention 
and US$22.1 million for ‘usual care’.

Intervention effectiveness
Ten smokers (four men and six women) could be 
expected to quit in ‘usual care’ condition, compared 
with10 smokers (only women) in the intervention condi-
tion.

When the effects were applied to the entire population, 
the prevalence of smoking among men was projected to 
decrease from 8.9% to 8.8% for the novel intervention 
and to 8.3% for ‘usual care’. The prevalence of smoking 
among women would decrease from 11.6% to 10.5% for 
intervention and to 10.8% for ‘usual care’. The estima-
tions of effectiveness are presented in table 2.

cost-effectiveness analyses
Model outputs and cost-effectiveness analyses are 
presented in table 3, with a detailed example given for 
women aged 45–64 years in table 4.

Markov model
The gains associated with the novel intervention resulted 
in societal savings of US$77 000, including savings of 
US$32 000 in healthcare and 5.42 QALYs. For ‘usual care’, 
the gains were societal savings of US$60 000, including 
savings of US$26 000 in healthcare and 4.74 QALYs. Also 
including the intervention costs, the net societal savings 
were US$72 100 for the intervention and US$57 800 for 
the ‘usual care’ group, with associated gains in QALYs, 
5.42 for the intervention and 4.74 for ‘usual care’ during 
the lifetime. According to this model, the brief interven-
tion was dominant, entailing cost saving and additional 
health gain of 0.68 QALYs.

Population-based model
The brief intervention applied to smokers showed a total 
societal saving of US$42.3 million, of which US$27.6 
million were savings in healthcare costs, and a gain 
of 1428 QALYs for the full Swedish population 20–84 
years old during 10 years. The corresponding estimates 
for ‘usual care’ demonstrated a total societal savings of 
US$72.0 million, out of which US$46.9 million were 
savings in healthcare costs, and a gain of 2369 QALYs 
for the full Swedish population 20–84 years old during 
10 years. When both intervention costs and estimated 
societal savings are considered, the net societal saving 
was US$17.3 million for the brief advice and US$49.9 
million for ‘usual care’, with health gains as above. Thus, 
the brief novel counselling was more expensive and less 
effective, so-called dominated by the ‘usual care’ alterna-
tive, according to the population-based model.
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Table 1 Intervention costs, in 2014 (US$)

Intervention ‘Usual care’

Unit price Units* Cost Units* Cost

Training cost

Course fee

  Salary for trainer, delivery† 26.0 4 103.9

  Salary for trainer, preparation† 26.0 1 26.0

  Salary for trainer, travel time† 26.0 2 51.9

  Travels for trainer‡ 23.0 1 23.0

  Material§ 2.30 25 57.5

  Venue and refreshments§ 777.8 1 777.8

Total course fee for 25 participants 1040.0

Total course fee per participant (practitioner) 41.6

Compensation for training time for practitioners

  Compensation for training time: dentists§ ¶ 264.3 4 1057.2

  Compensation for training time: dental hygienists§ ¶ 103.4 4 413.7

  Average allowance for practitioners (80% dental hygienists) 135.6 4 542.4

Total training cost per practitioner 584.0

Estimated yearly training cost per smoker** 2.3 0

Operating costs

  Salary for dentist† 38.7

  Salary for dental hygienist† 25.0

Average salary for practitioners (80% dental hygienists)† 27.7 0.14 3.9 0.04 1.1

Patient's time cost† 5.2 0.14 0.7 0.04 0.2

NRT/other drugs‡ †† 172.4 0.28 48.8 0.28 47.9

Total costs

Per smoker 55.7 49.2

All smoker visiting dental care/year‡‡ 25 000 000 22 100 000

*Hours or number.
†Information on average salaries from Statistics Sweden: www.scb.se
‡Based on information from suppliers’ websites.
§Based on the study records or information from training organisers.
 ¶Includes loss of revenue.
**Estimated yearly number of smokers visiting a dental practitioner: 50.
††Proportion (units) based on information from the trial.
‡‡Estimated by costs/smoker×number of adults visiting dental care each year (n=449 000).
NRT, nicotine replacement therapy.

sensitivity analyses
When the proportions assumed to achieve abstinence after 
reducing by half were set to 5% or to 25%, the magnitude 
of the difference between two models remained. As with 
the main analysis, the population-based model favoured 
‘usual care’ over the novel intervention, while the Markov 
model favoured this latter over ‘usual care’. Likewise, 
when the coverage of the brief advice or of ‘usual care’ 
was assumed to be 70%, the gains decreased, but the 
patterns of difference were similar to the main analysis. 
When including all training costs into the intervention 
costs, the results were almost similar to the main analysis.

In order to illustrate the correspondence between the 
population-based and Markov model, separate calculations 
were restricted to women in age group 45–64 years, using 

10 years’ time horizon and only the healthcare perspec-
tive. The estimates from the population-based model 
for this group show cost savings for healthcare sector of 
US$598 per quitter. The healthcare savings estimated with 
the Markov model for the same group during 10 years were 
US$547 per quitter. In essence, for this group, both models 
show the same level of cost saving for a quitter as well as the 
same level of health gains (0.02 vs 0.03 QALYs).

dIscussIon
In this case study, the cost-effectiveness of a brief manu-
alised counselling for smoking cessation in dentistry was 
assessed using two different models: a population-based 
model comparing different scenarios of smoking 

group.bmj.com on February 1, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

www.scb.se
http://bmjopen.bmj.com/
http://group.bmj.com


 7Virtanen SE, et al. BMJ Open 2017;7:e016375. doi:10.1136/bmjopen-2017-016375

Open Access

Table 2 Effectiveness estimation

Intervention ‘Usual care’

Age 20–44 45–64 65–84 20–44 45–64 65–84

Participants in the FRITT study (n)

Men 11 20 2 9 20 9

Women 19 41 6 20 37 11

Reduced cigarette consumption by half (n)*

Men 2 2 0 1 2 0

Women 5 9 1 2 4 0

Quitters (n)

Men 0 0 0 1 2 1

Women 2 5 1 1 1 3

Effectiveness data, estimated quitters (n)—used in Markov model†

Men 0 0 0 1 2 1

Women 3 6 1 1 2 3

Proportion of estimated quitters (%)

  Men 3 2 0 13 12 11

  Women 14 15 19 7 4 27

Swedish population (n)

  Men 1 629 855 1 228 289 788 907 1 629 855 1 228 289 788 907

  Women 1 561 289 1 205 769 867 493 1 561 289 1 205 769 867 493

Smokers in Sweden (n)

  Men 114 090 147 395 63 113 114 090 147 395 63 113

  Women 124 903 192 923 104 099 124 903 192 923 104 099

Smokers who visit dental care each year (n)

  Men 57 045 95 807 41 023 57 045 95 807 41 023

  Women 62 452 125 400 67 664 62 452 125 400 67 664

Effectiveness data, prevalence of smokers in the population (%)—used in population-based simulation model‡

Men 6.90 11.88 8.00 6.55 11.10 7.42

Women 7.42 14.39 10.51 7.74 15.55 9.87

*Results from FRITT study. 
†Calculated as 15% of the ‘Reduced cigarette consumption by half’ plus ‘Quitters’. 
‡Calculated as ‘(number of smokers in Sweden−(proportion of estimated quitters×smokers who visit dental care each year))/ Swedish 
population in the age and sex group’.

prevalence and a Markov model estimating the outcomes 
for the quitters. A similar population-based model was 
presented in Magnus et al,49 while a similar Markov model 
was presented in Hurley and Matthews.44

The original trial did not show any significant effect on 
smoking cessation of the novel intervention compared 
to usual treatment in a sample of smokers not selected 
according to their motivation to quit. The alternative 
intervention’s costs were low, under US$60 per patient, 
and the incremental cost compared with ‘usual care’ was 
less than US$7 per patient. In the intervention condition, 
the cost per quitter was only slightly higher than in the 
control condition, and it compares favourably to the esti-
mated cost per quitter in other smoking cessation studies.

Nevertheless, the comparison of the economic effects 
between the intervention and ‘usual care’ favoured the 

latter when modelling the population impact. In contrast, 
using the outcomes for the quitters in a Markov model 
showed that the intervention was preferable to ‘usual 
care’, resulting in net societal cost savings and some gain 
in QALYs.

The difference in results with the two modelling strat-
egies could be expected, in the first place because they 
differ in several aspects of model specification. The 
population-based model only considers healthcare costs 
and municipal costs for care, while the Markov model 
also considers cost for medications, costs for patients 
and relatives and morbidity productivity costs. The time 
frame was also different, that is, 10 years for the popu-
lation-based model and lifetime for the Markov model. 
Finally, there were differences in the number of diseases 
included. However, as the comparison by cost category in 

group.bmj.com on February 1, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/
http://group.bmj.com


8 Virtanen SE, et al. BMJ Open 2017;7:e016375. doi:10.1136/bmjopen-2017-016375

Open Access 

Table 3 Model outputs: Markov and population-based models (costs in thousand US$ 2014)

Intervention ‘Usual care’
ICER (intervention vs
‘usual care’) Conclusion

Female Male Total Female Male Total
Diff
QALY Diff costs

Markov model

  Intervention costs 4.9 5.2

  Cost savings −77 0 −77 −31 −32 −63

  Net costs −72.1 −57.8

  QALYs 5.42 0 5.42 2.37 2.36 4.74

0.68 −14.3 Dominant

Population model

  Intervention costs 25 000 22 100

  Cost savings −39 562 −2756 −43 318 −34 854 −37 125 −71 979

  Net costs −18 318 −49 879

  QALYs 1327.8 100.4 1428.2 1117.1 1252.2 2369.3

−941.1 31 561 Dominated

Diff, difference; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

Table 4 Model outputs in the subgroup of women 45–64 years: Markov and population-based models, 10 years’ time 
horizon, healthcare perspective (costs in 2014 US$)

Intervention effect Healthcare cost QALYs

Markov model

  Per quitter 1   547 0.02

Population-based model

  Intervention Change in prevalence: 1.61%
Quitters (n):
19 422

−11 607 004
Per quitter:
−598

604.94
Per quitter:
0.03

table 4 shows, the magnitude of costs is similar for both 
models.

The opposite conclusions from the two models are 
probably best explained by the difference in the popu-
lation to which the simulation is applied. In fact, the 
population-based model estimates the effect of the inter-
vention brought to the entire population of smokers in 
Sweden, while the Markov model simulates individual 
effects for the quitters in the study cohort. Quitters in the 
intervention group were in average younger than in the 
‘usual care’ group and all of them were women, while the 
gender distribution of quitters was more balanced in the 
‘usual care’ group. Thus, the Markov model shows greater 
gains in QALYs and societal savings for the alternative 
intervention due to longer time horizon for younger age 
groups. In contrast, the population-based model converts 
the trial outcomes to age- and gender-specific population 
prevalence.

The modelling strategies inherent in the two models 
explain why the cost-effectiveness results differ between 
the models. Population-based models simulate how 
changes in prevalence of risk factors affect the disease 
incidence over age- and gender-specific groups. The 

individual-based Markov models simulate the changes in 
disease incidence because of changes in risk factors in a 
specific, albeit hypothetical, individual of a certain age and 
gender. In population-based models, groups with a high 
disease incidence affect the estimates more than groups 
where the incidence is lower at the start of the simula-
tion. In this study, the four male quitters in the control 
group affected the result disproportionally, in particular 
as there were no male quitters in the alternative interven-
tion group. Small trials with few participants and, more 
importantly, few successful participants are not likely 
to represent the population to which the interventions 
are to be applied, thus skewing the estimates in popula-
tion-based models.

The weaknesses in both strategies of economic eval-
uations include non-significant differences in the 
effectiveness of the novel intervention compared with the 
control condition. Furthermore, some assumptions about 
the proportion of reducers eventually quitting or about 
all quitters achieving sustained abstinence may not be 
tenable and thus contribute to increase the uncertainty 
of the estimates.
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To our knowledge, this is the first study to compare 
different health economic strategies to estimate the 
cost-effectiveness of a brief advice for smoking cessation in 
dental clinics in Sweden. The combination and compar-
ison of two different approaches for the estimation of 
cost-effectiveness is an original contribution providing 
insights on factors to be considered in decision making 
about large-scale dissemination of an intervention. In this 
regard, we offer the general recommendation to avoid 
the estimation of cost-effectiveness with population-based 
models from small-scale trials with skewed effectiveness 
across participant groups.
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