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ABSTRACT

Background and Aims Although clear benefits are associated with reducing smoking, there is increasing pressure on
public health providers to justify investment in tobacco control measures. Decision-makers need tools to assess the Return
on Investment (ROI)/cost-effectiveness of programmes. The EQUIPT project adapted an ROI tool for England to four
European countries (Germany, the Netherlands, Spain and Hungary). EQUIPTMOD, the economic model at the core of
the ROI tool, is designed to assess the efficiency of packages of smoking cessation interventions. The objective of this paper
is to describe themethods for EQUIPTMOD and identify key outcomes associatedwith continued and cessation of smoking.

Methods EQUIPTMOD uses a Markov model to estimate life-time costs, quality-adjusted life years (QALYs) and life years
associated with a current and former smoker. It uses population data on smoking prevalence, disease prevalence, mortality
and the impact of smoking combined with associated costs and utility effects of disease. To illustrate the tool’s potential,
costs, QALYs and life expectancy were estimated for the average current smoker for five countries based on the
assumptions that they continue and that they cease smoking over the next 12 months. Costs and effects were discounted
at country-specific rates. Results For illustration, over a life-time horizon, not quitting smoking within the next
12 months in England will reduce life expectancy by 0.66, reduce QALYs by 1.09 and result in £4961 higher
disease-related health care costs than if the smoker ceased smoking in the next 12months. For all age–sex categories, costs
were lower and QALYs higher for those who quit smoking in the 12 months than those who continued.

Conclusions EQUIPTMOD facilitates assessment of the cost effectiveness of smoking cessation strategies. The
demonstrated results indicate large potential benefits from smoking cessation at both an individual and population level.
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INTRODUCTION

Smoking has a significant negative health impact, with
more than 1 billion dollars spent every year on treating
smoking-attributable diseaseswithin Europe [1]. It is linked
to many health conditions, including coronary heart
disease, stroke, respiratory illnesses and certain cancers [2].

Moreover, it is the largest avoidable risk factor, responsible
for more than 700 000 European deaths each year [3].
The large health and economic impact of smoking has
led to recommendations to focus on reducing smoking
rates and increasing measures to decrease the impact of
second-hand smoke. Although there are clear benefits
to public health measures to reduce smoking, in the
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current era of scarce resources there is also increasing
pressure on public health providers to justify the invest-
ment in tobacco control measures. Decision-makers at
regional and national levels need tools to help assess the
return on investment/cost–effectiveness of programmes
and to produce easily interpreted outputs, thereby
allowing clear presentation of the findings as justification
for implementation of smoking cessation programme
proposals.

Return on Investment (ROI) forecasting models have
been used in the past to help employers justify invest-
ment in health promotion programmes within a number
of US companies [4]. A recent example of the implemen-
tation of a novel ROI tool designed for use by local
public health decision-makers is the NICE (The National
Institute for Health and Care Excellence) smoking cessa-
tion ROI tool developed for England, whose aim was to
assist local decision-makers with calculating the balance
of the investment required for implementation of
smoking cessation programmes and the health and eco-
nomic benefits of stopping smoking [5]. The European
Study on Quantifying Utility of Investment in Protection
from Tobacco (EQUIPT) project has been funded to build
on the success of the NICE ROI [6]. EQUIPT aimed to
adapt the existing ROI tool for four additional core
European countries (Germany, the Netherlands, Spain
and Hungary) in addition to England within its initial
phase, and subsequently explore the potential for these
models to be adapted to meet the needs of additional
European countries.

The EQUIPT ROI tool was designed to address the deci-
sion problem relating to identifying what is the optimal
package of smoking cessation interventions for commis-
sioners at all levels of smoking cessation interventions. At
the core of the EQUIPT ROI tool is an economic model,
EQUIPTMOD, which forecasts the short- and long-term
outcomes for smokers who cease smoking within the next
calendar year or continue smoking. These outcomes can
then be used to forecast the impact of a variety of smoking
cessation interventions. The objective of this paper is to
describe the methods for EQUIPTMOD and to apply the
model to identify the key outcomes associated with both
continued and cessation of smoking within the five initial
partner countries.

METHODS

Decision problem

EQUIPTMOD is designed to facilitate the determination of
an optimal package of smoking cessation interventions.
Thus, the specific decision problem relates to identifying
those interventions which can be considered cost-effective.
EQUIPTMOD allows the determination of a range of

relevant outcomes which are a factor of the estimated costs
and outcomes associated with continuing and stopping
smoking. In this paper, we will describe the methods for
EQUIPTMOD and illustrate the potential of the model by
estimating the life-time costs, quality-adjusted life years
(QALYs) and life years associated with a current smoker
and former smoker.

Population

The population of interest is the current smoking popula-
tion within the five core European countries. The popula-
tion is stratified by age (by individual birth year) and sex
(male, female), with estimates weighted by the actual
number of smokers in each strata.

Comparators

Decision-makers can consider a variety of potential pack-
ages of smoking cessation interventions at both the
individual and population levels. Three packages can be
considered at any one time: default data relating to the
currently implemented tobacco control intervention
package within the selected country or region, a minimal
investment package which relates to no continued funding
of interventions and a user-defined package. For the latter
package, users can customize the investment in existing
smoking cessation interventions and can incorporate
new previously unfunded interventions into the package.
Within the interface, users can change default parameters
such as discount rates and threshold values for a QALY.
Once the packages have been developed, users can
overview the different potential metrics for each
permissible time horizon.

Outcomes

The flexibility of EQUIPTMOD allows the derivation of a
number of metrics for determining the return on invest-
ment from the alternate packages. Metrics include avoid-
able burden of disease (QALYs), benefit–cost ratios, net
benefit analysis and incremental cost-effectiveness ratios
incorporating deaths avoided, life years gained and QALYs
gained. Each of these outcomes are a function of the costs,
life years and QALYs associated with continuing and
stopping smoking and the impact of each package on the
rate of cessation. These metrics were selected on the basis
of previous work carried out by NICE and feedback from
stakeholders [5,7].

In forecasting outcomes such as life years, QALYs and
costs, the model adopts a health-care perspective in which
costs and benefits to the health-care system realized both
by individuals who continue smoking and those who cease
smoking within 1 year are estimated. The model has been
designed to enable customization within the interface to
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provide estimates of costs and outcomes at various
time-points, including 2, 5 and 10 years and a life-time
(until an individual is 100 years of age). The model adopts
country-specific discounting rates [8–12].

Design of the model

The EQUIPT ROI tool uses a Markov state transition co-
hort model to estimate long-term outcomes [13]. There
are three primary states within the model: current
smoker, former smoker and death (Fig. 1). The cycle
length is 1 year. The Markov model is constructed within
Excel with a user-friendly interface developed through
Visual Basic.

With each 1-year cycle the cohort is subjected to a set of
transition probabilities which allow them to either stay
within their current state or move to one of the other
two states. Death is an absorbing state, meaning that those
who enter this state remain within the state.

The model is replicated through a series of data tables
within Excel for different population cohorts based on
age (16–85; 18–85 years for Germany) and sex. To
obtain population-level estimates, these cohort-level
estimates are weighted by the percentage of the smoking
population falling into each age (by individual year) and
sex cohort [14–19].

To calculate the relevant outcomes for a package of
interventions, two separate models were created to
simulate the health impacts of either quitting or not
quitting smoking during the first cycle of the model— i.e.

the cohort of smokers who quit and those who do not quit
are modelled separately, with the results combined by
weighting the outputs of themodels by the country-specific
population and the package effectiveness and uptake.

Transition probabilities

Within the model, three sets of annual transition probabil-
ities are required:

• Package-specific probability of quitting smoking in the
first cycle (year) based on the uptake and effectiveness
of interventions within the package;

• Age–gender-specific annual probability of mortality
associated with current smoking and being a former
smoker; and

• Long-term annual probabilities of smoking cessation for
current smokers and relapse for former smokers.
The probability that current smokers will quit during

the first cycle is a function of the proportion of the cohort
who will make a quit attempt during the first year; the
uptake of smoking cessation interventions in this group;
the probability of a successful quit attempt with each
intervention; and the probability of a successful quit
attempt in those attempting to quit unassisted.

In order to estimate the probability of death by age and
sex and smoking status, the following data were required:
age–sex-specific probability of death in the general popula-
tion, the age–sex-specific prevalence of smoking status
(current, former or never smokers) and the relative risk of
death by smoking status. Actuarial life tables and

Figure 1 Schematic of Markov model [Colour figure can be viewed at wileyonlinelibrary.com]
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age–sex-specific prevalence of smoking were provided by
each of the participating countries [20–29]. The relative
risks of death for former and current smokers versus never
smokers were derived from published data [30].

Long-term cessation and relapse were modelled
through the application of an underlying quit rate which
applies to all age–sex-specific cohorts after the first year.
The underlying quit rate represents a balance of those
who quit smoking eachyear and those who start or relapse
to smoking [31]. For all participating countries this
produces an underlying quit rate of approximately 2% in
the general smoking population, except for within
Hungary, where the rate is 1%.

Prevalence of smoking-related diseases

The Markov model estimates the proportion of the cohort
who are either current smokers, former smokers or dead
within each cycle. Based on available epidemiological data
the model estimates, for each cycle, the prevalence of
smoking-related diseases through assessing smoking-
related population-attributable fractions relating to
current and former smokers.

Four diseases were incorporated, based on the
increased burden associated with smoking behaviours:
lung cancer, coronary heart disease (CHD), chronic
obstructive pulmonary disease (COPD) and stroke
[2,32]. These diseases account for approximately 75%
of smoking-related deaths [32]. To estimate the number
of cases each year of these diseases with and without
smoking cessation during the first cycle, the following
data were required: the prevalence of smoking-related
diseases, the prevalence of smoking status (current,
former or never smokers) and the relative effect of
smoking on the prevalence of each disease. Each partner
country provided age–sex-specific estimates of the first
two parameters, while the same data are employed
relating to relative effects [19,23,28,33–44].

Costs

Within the model, costs include both the costs of the
interventions contained within each package and the
health-care costs associated with these diseases. For each
country, the annual health-care costs for an individual
with each of the diseases were estimated based on a
systematic literature review [45–55]. Costs relate to
prevalent cases of disease. Based on the available data,
estimates were derived either by dividing life-time
health-care costs of disease by the estimated life expec-
tancy after developing the disease or by dividing the
estimated annual health-care costs of the disease by the
prevalence of the disease in the given year.

Utility values

To identify sources for utility values for the model, each
country conducted a search of the literature, with poten-
tial sources being evaluated against a predetermined
criteria hierarchy. The criteria included the use of a vali-
dated instrument to evaluate quality of life, values
reflective of the population of individuals with the
disease/smoking status (i.e. the severity of disease and
age/sex distribution of the sample from which the values
were derived should be reflective of the population at
large with the disease/smoking status), country-specific
sources and the incorporation of an estimate of the un-
certainty in the reported value. Utility values based on
current smoking status (current or former) were derived
from the Health Survey for England adjusted for relevant
covariates, including disease prevalence [56]. Utility dec-
rements associated with smoking-attributable diseases
were derived from the US Medical Expenditure Panel
Survey [57]. Both sets of utility values were elicited using
the EQ-5D questionnaire, a validated instrument for mea-
suring health-related quality of life, and UK tariffs were
used for calculating utility scores. These two sources
were selected as they met the greatest number of the
criteria against which they were evaluated (i.e. three of
the four requirements).

Intervention-based parameters

For each intervention a decision-maker wishes to include
within themodel, the following datawould be required: rel-
ative effect sizes, costs and uptake rate. Currently, the
EQUIPT ROI tool incorporates such parameters for a vari-
ety of interventions.

Obtaining parameter values

A comprehensive list of all parameters required within the
model was provided to country-specific modellers in order
to facilitate the gathering of this information (Table 1).
Modellers were required to search both administrative
databases and published literature to source these data,
which were then incorporated within the EQUIPT tool.
The modellers completed this search and provided data to
the principal modeller and the datawere then incorporated
within the current model.

As the model is designed to give results over the entire
smoking population and not the individual age–sex cohorts
and is able to produce both country-level and regional
results, a number of additional input parameters with
respect to population counts and vital statistics were
required for populating the model. These included the
population by age and sex, the prevalence of smokers and
former smokers and the employment rate for smokers, all
at both country and regional levels. Also required were
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country-specific life tables for calculating mortality and
information regarding inflation rates for adjusting
historical costs and currency conversion rates.

Key assumptions

As is the case with all models, a number of assumptions
were required to estimate the economic impact of tobacco
control interventions. These are described below.

The population-based mortality rates are adjusted
using the relative risks of death in smokers and former
smokers, which are derived from the literature [30].
Although the reference is dated and absolute mortality
may have changed, the assumption that the relative

effect was likely to be maintained and the choice of study
was justified based on the prospective nature of the study,
the sample size (n = 34439) and the years of follow-up
(40 years).

The current model does not adjust explicitly for the
time since quitting, due to the absence of distributional
data regarding time since quitting and duration of smoking
and the risk of smoking-related disease and mortality.
Rather, an average risk of smoking-attributable disease
and mortality is applied to former smokers. As this is a
cohort, rather than an individual patient simulation
model, the impact of this assumption may be limited.

Given the lack of data to support an alternative
assumption, the prevalence of each disease is assumed
to be independent of the prevalence of other diseases.
Also, the model assumes that in the case of multiple
diseases, the disutility associated with the disease with
the greatest disutility is applied. This is a conservative
approach, in that it provides a lesser estimate of the
QALY gains from smoking cessation than either a
multiplicative or additive approach.

For all diseases, in people aged below 35 years the risk
of smoking-attributable disease was assumed to be equal
across smoking groups. This was deemed to be the most
appropriate assumption, given that data regarding the
differential rate of all diseases by smoking status were not
available for this age group. This assumption is both
conservative and, given the very low prevalence of disease
in this group, unlikely to have a significant impact on the
results.

The underlying quit rate, which applies to all cohorts
after the first year, represents a balance of those who
quit smoking each year and those who start or relapse
to smoking. This assumption is supported by a meta-
analysis which showed that there was no difference in
relapse rates after 12 months, regardless of whether
the patients used an intervention to quit smoking or
no intervention [58].

Handling uncertainty

Within EQUIPTMOD, the effect of parameter uncertainty
on the calculated outcomes can be assessed through
probabilistic sensitivity analyses involving Monte Carlo
simulation (MCS) [59]. For the MCS, probability
distributions related to natural history parameters, relative
risks and odds ratios, costs and utilities are incorporated
into the model.

Analysis adopts standard methods for defining uncer-
tainty around parameters [59]. Transition probabilities
are characterized by beta distributions and relative risks
and odds ratios are characterized by log-normal distribu-
tions. Utility values by smoking status are characterized
by beta distributions, while utility decrements associated

Table 1 Data elements required to derive estimates of life-time
costs and quality adjusted life years (QALYs).

Parameter Source

Discount rate 8–12
Population estimates by age and gender 14–19
Annual probability of death by age and sex 20–24
Prevalence of smoking by age and gender 25–29
Never smoker
Former smoker
Current smoker

Relative risk of death by smoking status 30
Background quit rate 31
Relative risk of smoking attributable disease
by age, sex and smoking status

2,32

Lung cancer
CHD
Stroke
COPD

Prevalence of smoking attributable disease by
age and sex

19, 23,33–44

Lung cancer
CHD
Stroke
COPD

Costs of smoking attributable disease 45–55
Lung cancer
CHD
COPD
Stroke

Utility values by smoking status 56
Smoker
Former smoker
Never smoker

Utility values associated with smoking
attributable disease

57

Lung cancer
CHD
COPD
Stroke

CHD = coronary heart disease; COPD = chronic obstructive pulmonary
disorder.
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with smoking-related disease are characterized by normal
distributions. Costs are characterized by gamma distribu-
tions. Both intervention costs and population level data
are assumed fixed.

As a default, 1000 replications are conducted; i.e. a set
of 1000 outcome estimates are obtained. The results are
displayed by a scatterplot of costs versus QALYs and by
cost-effectiveness acceptability curves (CEACs) that present
graphically the probability of being cost-effective as a func-
tion of decision-makers’willingness to pay for a QALY [59].

Analysis

EQUIPTMOD allows calculation of the costs, QALYs and life
expectancy for a population of current smokers who quit
smoking within the first cycle of the model and for a popu-
lation of current smokers who do not quit smoking.

For illustration within this paper, the average costs,
QALYs and life expectancy are presented as estimated for
the smoking population in England, Germany, Hungary,
the Netherlands and Spain. Discounted results are pre-
sented using country-specific discount rates for a life-time
horizon. In addition, the discounted costs and QALYS over
a life-time horizon for England are presented by each age–
sex strata and the discounted and undiscounted costs,
QALYs and life years are presented for alternate time
horizons for England.

Finally, illustrative examples of how these figures can be
used are provided with respect to three specific forms of
interventions for England—a population-level intervention
designed to increase the proportion of individuals who will
make a quit attempt during the next 12 months; a novel
individual-based intervention designed to increase the quit
rate in smokers making a quit attempt; and a population-

Table 2 Estimates of average costs, life years (LYs) and quality-adjusted life years (QALYs) for life-time horizons bywhether individual stops
smoking during the first cycle.

England Netherlands Germany Spain Hungary

If individual quits in the next 12 months Health-care costs £9602 €12991 €11838 €20044 €10775
QALYs 15.86 16.18 14.81 16.14 14.40
LYs 19.11 19.26 17.98 19.40 17.28

If individual does not quit in the next 12 months Health-care costs £14 563 €20045 €19138 €37742 €19412
QALYs 14.77 15.14 13.27 14.95 12.95
LYs 18.45 18.26 16.75 18.78 16.28

All figures are discounted. Costs are presented in 2016 £ or €s.

Table 3 Estimate of average life years, quality adjusted life years (QALYs) and costs by alternative time horizons for England.

Discounted Undiscounted

Individuals who
quit smoking in
the 1st cycle

Individuals who do not
quit smoking in the
1st cycle

Difference between
quitters versus
non-quitters

Individuals who quit
smoking in the
1st cycle

Individuals who do not
quit smoking in the
1st cycle

Difference between
quitters versus
non-quitters

Average costs
2 years £566 £1087 –£521 £576 £1106 –£530
5 years £1409 £2635 –£1226 £1510 £2822 –£1312
10 years £2764 £4966 –£2202 £3236 £5786 –£2550
Life-time £9.602 £14 563 –£4961 £23 486 £32 711 –£9225
Life years
2 years 1.94 1.94 0.00 1.97 1.97 0.00
5 years 4.56 4.53 0.03 4.87 4.84 0.03
10 years 8.20 8.10 0.10 9.51 9.38 0.13
Life-time 19.11 18.45 0.66 36.50 34.77 1.73
QALYs
2 years 1.64 1.57 0.07 1.67 1.60 0.07
5 years 3.85 3.67 0.18 4.11 3.92 0.19
10 years 6.91 6.56 0.35 8.00 7.59 0.41
Life-time 15.86 14.77 1.09 29.91 27.54 2.37

Figures are obtained by weighting estimates for each age–sex cohort for England by the proportion of the population in the cohort.
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level intervention designed to increase the uptake of a
cessation intervention in smokers willing to make a quit at-
tempt. These analyses are conducted in the form of a cost–
utility analysis.

RESULTS

Estimated costs, life years and QALYs

Table 2 demonstrates the differences in life-time outcomes
between individuals who quit smoking during the first 12
months compared to those who do not. Over the life-time
horizon, quitting smoking during the next 12months leads
to an increase in QALYs of 1.09 (discounted), an increase
in life expectancy of 0.66 (discounted) and a reduction in
health-care costs of £4961 (discounted). The magnitude
of differences varied by countries, although the general
trend in findings was maintained.

Table 3 provides data for England based on alternative
time horizons and by whether or not results are subject
to discounting. There are no differences in life expectancy,
either discounted or undiscounted, at 2 years, but by
5 years differences are observable with the difference over
a life-time horizon being 0.66 years (discounted) and
1.73 years (undiscounted). Differences in QALYs are ob-
servable at 2 years due to the improved utility value for for-
mer smokers compared to current smokers with a
difference of 0.07 QALYs, both discounted and
undiscounted. Over the life-time horizon the QALY gains
from quitting smoking are 1.09 QALYs (discounted) and
2.37 QALYs (undiscounted). For costs, differences are also
apparent by 2 years. The costs for individuals who quit
smoking during the first 12 months compared to those
who do not were £519 lower (discounted) and £530
(undiscounted). Over the life-time horizon the cost
difference rose to £4961 (discounted) and £9225
(undiscounted).

The absolute life-time costs and QALYs by age and gen-
der and smoking status for England vary, but the following
findings were consistent (Fig. 2). For each age–sex cate-
gory, costs were lower andQALYs higher for those who quit
smoking during the first 12 months than those who did
not. Life-time QALYs tended to be higher for females than
males within each smoking category. However, QALYs for
males who quit smoking were higher than for females
who did not quit smoking.

Illustrative examples

For all the illustrative analyses, the following assump-
tions were made. The analyses were conducted for a
smoking population of 2000. Analysis was conducted
for a population corresponding to the current smoking
population in England in terms of the age–sex break-
down and life-time costs and QALYs. The proportion of

smokers in the population who will make a quit attempt
without any interventions will be 20%, and the success
rate of an unaided quit attempt (i.e. without interven-
tions aimed to increase the success rate of a quit
attempt) is 5%.

For the first illustrative example, we will assume that
there is a population-level intervention that will lead to a
relative increase in the proportion of smokers who will
make a quit attempt of 25%. The population-level interven-
tion will cost £40000, or £20 per smoker. Based on the es-
timated costs and QALYs in Table 2, the costs and QALYs
associated with the two alternatives, the status quo and
the addition of the population-level intervention, can be es-
timated (Table 4). The incremental cost per QALY gained
for the addition of the population level intervention is
£2788, suggesting that the intervention is cost-effective.

For the second illustrative example, we will assume that
there is a novel individual-level intervention available for
smokers making a quit attempt. The relative risk of quitting
with the new intervention compared to an unaided quit
attempt is 1.25, and the intervention will cost £225 per
attempt. It is assumed that 20% of smokers making a quit
attempt will utilize the new intervention. The incremental
cost per QALY gained for the addition of the novel
individual level intervention is £11962, suggesting that
the intervention is cost-effective (Table 3).

Figure 2 Life-time costs and quality-adjusted life years (QALYs) by
whether or not individual stops smoking during the first cycle (England)
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For the third illustrative example, we will assume that
there will be population-level intervention to increase up-
take of the novel individual-level intervention described
above. If the population-level intervention is adopted, the
proportion of smokers making a quit attempt who will
use the novel individual-level intervention will double.
The population-level intervention will cost £50000. The
incremental cost per QALY gained for the addition of the
population-level intervention compared to the novel
individual-level intervention is £57834, suggesting that
the intervention is not cost-effective (Table 3).

DISCUSSION

In this paper we provide the background, methodology,
limitations and initial results relating to EQUIPTMOD: the
Markov model designed to facilitate the assessment of the
cost-effectiveness of alternative strategies to increase the
rates of smoking cessation within participating countries.
When designing studies to be transferable across jurisdic-
tions, it is necessary to harmonize both the study/model
design and data collection [60]. The design of EQUIPTMOD
facilitates such decisions not only in the countries

Table 4 Results of illustrative examples.
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participating in the first wave, as highlighted in this paper,
but will allow countries with fewer analytical resources to
adapt the model to provide pertinent information for their
context.

EQUIPT is a rare multi-disciplinary study which allows
assessment of the transferability of economic evidence in
tobacco control, and will provide an evidence-based, prac-
tical and customizable ROI tool to actual decision-makers.
The findings are expected to promote and disseminate the
ROI methods and results to foster evidence-driven
decision-making on comprehensive tobacco control in
Europe. By adopting a core methodological design but facil-
itating the incorporation of jurisdiction-specific analytical
features and data, EQUIPTMOD will be adjustable to fit
the specific decision problem for multiple users.

There are limitations to the approach we have adopted.
A major component of the model framework is the use of
an underlying quit rate. The underlying quit rate has been
estimated over time as the decrease in the percentage of the
population who are smokers. This estimate has been con-
sistent, and represents the impact of both quitting and re-
lapsing. Similar data on the individual components are
not readily available. As the model works at a population-
level, the use of an underlying quit rate is argued to be a
reasonable compromise.

Analysis is based on a health-care system perspective.
Therefore, costs of social care associated with the diseases
modelled are excluded. While this may be appropriate for
economic evaluation, given the relevant guidelines, further
analysis including social care costs could be conducted
within a scenario analysis.

Within health economics, there is debate over the rele-
vance of including health-care costs that are unrelated to
the specific context of interest but occur due to an inter-
vention’s impact in extending life. Guidelines typically sug-
gest exclusion of such costs, but allow consideration of
unrelated cost within scenario analysis. In the context of
smoking cessation, such unrelated costs would occur only
in the future. Furthermore, it would only include health-
care costs exclusive of heart disease, stroke, COPD and lung
cancer, whichwould be bothmuch smaller than all health-
care costs and difficult to measure. A further point is that
annual health-care costs for an individual are typically
highest in the year prior to death. By delaying death
through smoking cessation such high health-care costs
are not avoided, but are merely postponed to a later date.
While inclusion of unrelated costs might increase the costs
of quitters versus non-quitters due to their longer life
expectancy, the impact when assessing the cost-
effectiveness of smoking cessation-related interventions
compared to other uses of health-care resources will be
minimal. Inclusion of unrelated costs would lead to the
incremental cost per QALY gained for all treatments which
extend life to be increased by a similar factor—the annual

costs of treating unrelated diseases. If the threshold value
of a QALY is representative of the marginal costs of produc-
ing an additional QALY exclusive of unrelated costs, then
inclusion of unrelated costs would simply lead to an
increase in the appropriate threshold. Therefore, inclusion
of unrelated costs is likely to have a minimal impact on
decisions related to cost-effectiveness. Given both this and
the guidance on costing such studies, we did not include
unrelated health or social care costs.

The development of EQUIPTMOD has several strengths.
The decisions relating tomodel design and data assessment
were made with all constituent partners having an equal
voice with decisions based on consensus. The ‘inverted
cone’ approach to the overall EQUIPT study has led to the
development of a model which meets the specific needs
for the initial study partners, but has the flexibility to meet
the further needs of additional partners [6]. Intensive
stakeholder engagement throughout the research process
highlights the design to be highly relevant to end-users of
research findings.

EQUIPTMOD has some limitations. Country-specific
modelling requires that data are available for each constit-
uent country. However, extensive work within the EQUIPT
transferability framework has allowed identification of
those key data parameters for which country-specific data
are essential, allowing countries with fewer resources to
target the acquisition of the most pertinent data elements.

The initial results highlighted in this paper indicate the
large potential benefits from smoking cessation both at in-
dividual and population levels. Previous studies have
highlighted that interventions designed to assist smoking
cessation are consistently cost-effective (e.g. [61–64]).
EQUIPTMOD will be a further tool available to decision-
makers to assess the cost-effectiveness of such interven-
tions. However, given the multi-faceted approach
necessary to promote smoking cessation, EQUIPTMOD’s
greater application will be as the engine for the EQUIPT
ROI tool to facilitate assessment by policymakers of the
desirability of alternative packages of smoking cessation
interventions.

Given the substantive role possible with the EQUIPT
ROI tool and the potential applications of the underlying
EQUIPTMOD economic model, it is hoped that the model
described in this paperwill be used frequently to assess both
the cost-effectiveness of individual interventions and to
more generally foster evidence-driven decision-making on
comprehensive tobacco control in Europe and beyond.

Funding

The funding was received from the European Community’s
Seventh Framework Programme under grant agreement
no. 602270 (EQUIPT).

Economic model (EQUIPTMOD) of smoking cessation 9

© 2017 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction



Ethics approval

None required for this study. However, the EQUIPT project
was approved by Brunel University Research Ethics
Committee.

Data sharing

The model and accompanying documents are freely avail-
able to download from http://equipt.eu.

Declaration of interests

R.W. undertakes consultancy and research for and receives
travel funds and hospitality from manufacturing of
smoking cessation medications but does not, and will not,
take funds from e-cigarette manufacturers or the tobacco
industry. R.W. is an honorary co-director of the National
Centre for Smoking Cessation and Training and a Trustee
of the stop-smoking charity, QUIT. R.W.’s salary is funded
by Cancer Research UK.

References

1. Aspect Consortium. Tobacco or Health in the European Union:
Past, Present and Future. Brussels: The ASPECT Consortium,
European Commission; 2004.

2. US Department of Health and Human Services. The Health
Consequences of Smoking: 50 Years of Progress: A Report of the
Surgeon General. Atlanta, GA: Centers for Disease Control
and Prevention, National Center on Chronic Disease Preven-
tion and Health Promotion, Office on Smoking and Health;
2014.

3. European Commission.Directive of the European Parliament and
of the Council on the approximation of the laws, regulations and
administrative provisions of the Member States concerning the
manufacture, presentation and sale of tobacco and related products.
Brussels: European Commission; 2012.

4. Kolk M., Eagar R. How to manage your return on investment
in innovation. PRISM 2014; 1: 66–83.

5. Pokhrel S., Owen L., Lester-George A., Coyle K., Coyle D.,West
R., et al. Tobacco Control Return on Investment Tool. London: Na-
tional Institute for Health and Care Excellence; 2014.

6. Pokhrel S., Evers S., Leidl R., Trapero-Bertran M., Kalo Z.,
Vries H., et al. EQUIPT: protocol of a comparative effectiveness
research study evaluating cross-context transferability of
economic evidence on tobacco control. BMJ Open 2014; 4:
e006945.

7. Cheung K. L., Evers S. M., Hiligsmann M., Vokó Z., Pokhrel S.,
Jones T., et al. Understanding the stakeholders’ intention to
use economic decision-support tools: a cross-sectional study
with the tobacco return on investment tool. Health Policy
2016; 120: 46–54.

8. National Institute for Health and Care Excellence (NICE).
Guide to the Methods of Technology Appraisal. London: NICE;
2013.

9. López-Bastida J., Oliva J., Antoñanzas F., García-Altés A.,
Gisbert R., Mar J., et al. Spanish recommendations on eco-
nomic evaluation of health technologies. Eur J Health Econ
2010; 11: 513–20.

10. Schad M., John J. Towards a social discount rate for the
economic evaluation of health technologies in Germany: an
exploratory analysis. Eur J Health Econ 2012; 13: 127–44.

11. College for Health Insurance (CVZ). Cost Survey Manual,
2010.

12. Professional Guidelines of the Ministry of Human Resources
for the Preparation of Health Economic Analyses 2013;
1314–34.

13. BriggsA., SculpherM.An introduction toMarkovmodelling for
economic evaluation. Pharmacoeconomics 1998; 13: 397–409.

14. Office for National Statistics Annual mid-year population esti-
mates (2014). Available at: http://www.ons.gov.uk/ons/rel/
pop-estimate/population-estimates-for-uk--england-and-
wales--scotland-and-northern-ireland/mid-2014/rft---mid-
2014-uk-population-estimates.zip (accessed 24 August
2017) (Archived at http://www.webcitation.org/6sxg8J3Rd).

15. Instituto Nacional de Estadística. Encuesta Nacional de Salud
2011–12. Madrid: INE; 2013. Available at: http://www.ine.
es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=
1254736176783&menu=resultados&idp=1254735573175
(accessed 19 July 2016) (accessed 24 August 2017)
(Archived at http://www.webcitation.org/6sxgLzdLB).

16. Federal Statistical Office. Bevölkerung und Erwerbstätigkeit—
Ausgangsdaten der Bevölkerungsfortschreibung aus dem
Zensus 2011. Available at: https://www.destatis.de/DE/
Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsstand/
DatenBevoelkerungsfortschreibungZensus5124104119004.
pdf?__blob=publicationFile (accessed 24 August 2017)
(Archived at http://www.webcitation.org/6sxgcqtRA).

17. CBS statline. Dutch population in 2015. Available at:
statline.cbs.nl/Statweb/publication/?VW=T&DM=SLNL&PA=
7461bev&D1=0&D2=a&D3=a&D4=l&HD=141009 (Accessed
24 August 2017) (Archived at http://www.webcitation.
org/6sxgtc7jw).

18. Hungarian Central Statistical Office (2013) Statistical Year-
book of Hungary 2012.

19. Demjén T, Bőti E, Koncz B and Vitrai J, 2011. A felnőttek
dohányzására vonatkozó magyarországi felmérések adatai
2000–2009 [Hungarian survey data on adult smoking
behavior 2000–2009]. National Institute for Health Develop-
ment. Hungarian Focal Point for Tobacco Control.

20. Office for National Statistics. National Life Tables: England.
Available at: https://www.ons.gov.uk/peoplepopulationan-
dcommunity/birthsdeathsandmarriages/lifeexpectancies/data
sets/nationallifetablesenglandreferencetables (accessed 24
August 2017) (Archived at http://www.webcitation.org/
6sxgzlaNY).

21. Instituto Nacional de Estadistica. Death tables 2013. Available
at: http://www.ine.es/jaxi/tabla.do?path=/t20/e301/defun/a
2013/l1/&file=18001.px&type=pcaxis&L=1 (accessed 27
October 2016) (Archived at http://www.webcitation.org/
6sxhAAYb7).

22. Death Tables 2010-12. Statistisches Bundesamt, Wiesbaden
2015. Available at: https://www.destatis.de/DE/
ZahlenFakten/GesellschaftStaat/Bevoelkerung/Sterbefaelle/
Tabellen/SterbetafelDeutschland.xls?__blob=publicationFile
(accessed 27 October 2016) (Archived at http://www.
webcitation.org/6sxhI3wAE).

23. CBS; Levensverwachting; geslacht en leeftijd 2014. Available
at: http://statline.cbs.nl/Statweb/publication/?VW=T&DM=
SLNL&PA=37360ned&D1=0&D2=a&D3=a&D4=l&HD=
150924-1258&HDR=G1,T&STB=G2,G3 (accessed 27
October 2016) (Archived at http://www.webcitation.org/
6sxhP6GK7).

10 Kathryn Coyle et al.

© 2017 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction

http://equipt.eu
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-and-northern-ireland/mid-2014/rft---mid-2014-uk-population-estimates.zip
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-and-northern-ireland/mid-2014/rft---mid-2014-uk-population-estimates.zip
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-and-northern-ireland/mid-2014/rft---mid-2014-uk-population-estimates.zip
http://www.ons.gov.uk/ons/rel/pop-estimate/population-estimates-for-uk--england-and-wales--scotland-and-northern-ireland/mid-2014/rft---mid-2014-uk-population-estimates.zip
http://www.webcitation.org/6sxg8J3Rd
http://www.webcitation.org/6sxgLzdLB
https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsstand/DatenBevoelkerungsfortschreibungZensus5124104119004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsstand/DatenBevoelkerungsfortschreibungZensus5124104119004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsstand/DatenBevoelkerungsfortschreibungZensus5124104119004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsstand/DatenBevoelkerungsfortschreibungZensus5124104119004.pdf?__blob=publicationFile
http://www.webcitation.org/6sxgcqtRA
http://www.webcitation.org/6sxgtc7jw
http://www.webcitation.org/6sxgtc7jw
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
http://www.webcitation.org/6sxgzlaNY
http://www.webcitation.org/6sxgzlaNY
http://www.webcitation.org/6sxhAAYb7
http://www.webcitation.org/6sxhAAYb7
https://www.destatis.de/DE/ZahlenFakten/GesellschaftStaat/Bevoelkerung/Sterbefaelle/Tabellen/SterbetafelDeutschland.xls?__blob=publicationFile
https://www.destatis.de/DE/ZahlenFakten/GesellschaftStaat/Bevoelkerung/Sterbefaelle/Tabellen/SterbetafelDeutschland.xls?__blob=publicationFile
https://www.destatis.de/DE/ZahlenFakten/GesellschaftStaat/Bevoelkerung/Sterbefaelle/Tabellen/SterbetafelDeutschland.xls?__blob=publicationFile
http://www.webcitation.org/6sxhI3wAE
http://www.webcitation.org/6sxhI3wAE
http://www.webcitation.org/6sxhP6GK7
http://www.webcitation.org/6sxhP6GK7


24. Zozponti Statisztikai Hivatal, 2012. Available at: https://
www.ksh.hu/ (accessed 27 October 2016) (Archived at
http://www.webcitation.org/6sxhWzVDv).

25. Integrated household survey Jan-Dec 2014 (local tobacco
control profiles for England). Available at: http://www.
tobaccoprofiles.info/profile/tobacco-control/data (accessed
24 August 2017) (Archived at http://www.webcitation.org/
6sxhnii1Y).

26. Ministry of Health, Social Services and Equality and the
National Statistics Institute (INE). Spanish National Health
Survey, 2011/2012.

27. GEDA Fact Sheet on GEDA 2012: Results of the Study -
Current Health in Germany. Berlin, Germany: Robert Koch
Institute; 2012.

28. CBS Gezondheidsenquete (2014). Estimates received from the
Trimbos Institute (Netherlands Institute of Mental Health and
Addiction) Utrecht, The Netherlands: Trimbos Institute; 27
January 2016.

29. Zozponti Statisztikai Hivatal, European Health Interview
Survey (EHIS). Luxembourg: Eurostat; 2009.

30. Doll R., Peto R., Boreham J., Sutherland I. Mortality in
relation to smoking: 50 years’ observations on male British
doctors. BMJ 2004; 328: 1519–28.

31. West, R. Background smoking cessation rates in England,
2006. Available at: www.smokinginengland.info/download
file/?type=sts-documents&src=6 (accessed 24 August 2017)
(Archived at http://www.webcitation.org/6sxhtTGKS).

32. Thun M. J., Apicella L. F., Henley S. J. Smoking vs other risk
factors as the cause of smoking-attributable deaths:
confounding in the courtroom. JAMA; 284: 706–12.

33. Maddams J., Brewster D., Gavin A., Steward J., Elliott J., Utley
M., et al. Cancer prevalence in the United Kingdom: estimates
for 2008. Br J Cancer 2009; 101: 541–7. https://doi.org/
10.1038/sj.bjc.6605148.

34. GLOBOCAN. Estimated cancer incidence, mortality and prev-
alence worldwide in 2012. Available at: http://globocan.iarc.
fr/Default.aspx (accessed 27 October 2016) (Archived at
http://www.webcitation.org/6sxhzNF3T).

35. Robert Koch Institute. Zentrum für Krebsregisterdaten
2010. Available at: http://www.rki.de/Krebs/SiteGlobals/
Forms/Datenbankabfrage/datenbankabfrage_stufe2_form.html
(accessed 27 October 2016) (Archived at http://www.
webcitation.org/6sxi6GFGy).

36. British Heart Foundation Health Promotion Research Group
Coronary Heart Disease Statistics: A Compendium of Health
Statistics, 2012th edn. Oxford, UK: Department of Public Health,
University of Oxford; 2012.

37. Alonso J. J., Muñiz J., Gómez-Doblas J. J., Rodríguez-Roca G.,
Lobos J. M., Permanyer-Miralda G., et al. Prevalence of stable
angina in Spain. Results of the OFRECE study. Rev Esp Cardiol
2015; 68: 691–9.

38. Miravitlles M., Soriano J. B., García-Río F., Muñoz L., Duran-
Tauleria E., Sanchez G., et al. Thorax 2009; 64: 863–8.

39. East of England Public Health Observatory. Modelled estimate
of prevalence of COPD in England. 2011. Available at: http://
www.apho.org.uk/resource/item.aspx?RID=111122 (accessed
27 October 2016). (Archived at http://www.webcitation.
org/6sxiDwESB).

40. Townsend N., Williams J., Bhatnagar P., Wickramasinghe K.,
Rayner M. Cardiovascular disease statistics, 2014. London,
UK: British Heart Foundation; 2014.

41. Díaz-Guzmán J., Egido-Herrero J. A., Fuentes B., Fernández-
Pérez C., Gabriel-Sánchez R., Barberà G., et al. Incidence of

strokes in Spain: the Iberictus study. Data from the pilot study.
Rev Neurol 2009; 48: 61–5.

42. González-Enríquez J., Salvador-Llivina T., López-Nicolás A.,
Antón de Las Heras E., Musin A., Fernández E., et al. The
effects of implementing a smoking cessation intervention in
Spain on morbidity, mortality and health care costs. Gac Sanit
2002; 16: 308–17.

43. Busch M. A., Schienkiewitz A., Nowossadeck E., Gößwald A.
Prevalence of stroke in adults aged 40 to 79 years in
Germany: results of the German health interview and exam-
ination survey for adults (DEGS1). Bundesgesundheitsblatt
Gesundheitsforschung Gesundheitsschutz 2013; 56: 656–60.

44. Nichols M, Townsend N, Luengo-Fernandez R, Leal J, Gray A,
Scarborough P, Rayner M. European Cardiovascular Disease
Statistics 2012. Brussels: European Heart Network, European
Society of Cardiology, Sophia Antipolis; 2012.

45. Nowak D., Dietrich E. S., Oberender P., Uberla K., Reitberger
U., Schlegel C., et al. Cost-of-illness study for the treatment of
COPD in Germany. Pneumologie 2004; 58: 837–44.

46. Luengo-Fernandez R., Leal J., Gray A., Sullivan R. Economic
burden of cancer across the European Union: a population-
based cost analysis. Lancet Oncol 2013; 14: 1165–74.

47. Kolominsky-Rabas P. L., Heuschmann P. U., Marschall D.,
Emmert M., Baltzer N., Neundörfer B., et al. Lifetime cost of
ischemic stroke in Germany: results and national projections
from a population-based stroke registry. Stroke 2006; 37:
1179–83.

48. Leaviss J., SullivanW., Ren S., Everson-Hock E., Stevenson M.,
Stevens J. W., et al. What is the clinical effectiveness and cost-
effectiveness of cytisine compared with varenicline for
smoking cessation? A systematic review and economic
evaluation. Health Technol Assess 2014; 18: 1–120.

49. Ramírez de Arellano A., Coca A., de la Figuera M., Rubio-
Terrés C., Rubio-Rodríguez D., Gracia A., et al. Economic
evaluation of cardio inCode®, a clinical-genetic function for
coronary heart disease risk assessment. Appl Health Econ
Health Policy 2013; 11: 531–42.

50. Izquierdo J. L. The burden of COPD in Spain: results from the
confronting COPD survey. Respir Med 2003; 97: S61–S69.

51. Corral J., Espinàs J. A., Cots F., Pareja L., Solà J., Font R., et al.
Estimation of lung cancer diagnosis and treatment costs
based on a patient-level analysis in Catalonia (Spain). BMC
Health Serv Res 2015; 15: 70.

52. Alvarez-Sabín J., Quintana M., Masjuan J., Oliva-Moreno J.,
Mar J., Gonzalez-Rojas N., et al. Economic impact of patients
admitted to stroke units in Spain. Eur J Health Econ 2017;
18: 449–58.

53. Vitrai J., BakacsM., Balku E., Bodrogi J., Demjén T., Joó T., et al.
The Social Burden of Smoking in Hungary, 2012. National
Institute for Health Development: Budapest; 2012.

54. RIVM Diseases Database, Publish Health National Compass,
2014.

55. Suijkerbuijk A.W. M., Hoogeveen R. T., deWit G. A., Wijga A.
H., Hoogendoorn E. J. I., Rutten-van Molken M. P. M. H., et al.
Social costs for asthma, COPD and respiratory allergy. Bilthoven:
Rijksinstituut voor Volksgezondheid en Milieu; 2013.

56. Vogl M. C., Wenig M., Leidl R., Pokhrel S. Smoking and
health-related quality of life in English general population:
Implications for economic evaluations. BMC Public Health
2012; 12: 203.

57. Sullivan P. W., Slejko J. F., Sculpher M. J., Ghushchyan V.
Catalogue of EQ-5D scores for the England.Med Decis Making
2011; 31: 800–4.

Economic model (EQUIPTMOD) of smoking cessation 11

© 2017 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction

https://www.ksh.hu/
https://www.ksh.hu/
http://www.webcitation.org/6sxhWzVDv
http://www.tobaccoprofiles.info/profile/tobacco-control/data
http://www.tobaccoprofiles.info/profile/tobacco-control/data
http://www.webcitation.org/6sxhnii1Y
http://www.webcitation.org/6sxhnii1Y
http://www.webcitation.org/6sxhtTGKS
https://doi.org/10.1038/sj.bjc.6605148
https://doi.org/10.1038/sj.bjc.6605148
http://globocan.iarc.fr/Default.aspx
http://globocan.iarc.fr/Default.aspx
http://www.webcitation.org/6sxhzNF3T
http://www.rki.de/Krebs/SiteGlobals/Forms/Datenbankabfrage/datenbankabfrage_stufe2_form.html
http://www.rki.de/Krebs/SiteGlobals/Forms/Datenbankabfrage/datenbankabfrage_stufe2_form.html
http://www.webcitation.org/6sxi6GFGy
http://www.webcitation.org/6sxi6GFGy
http://www.apho.org.uk/resource/item.aspx?RID=111122
http://www.apho.org.uk/resource/item.aspx?RID=111122
http://www.webcitation.org/6sxiDwESB
http://www.webcitation.org/6sxiDwESB


58. Etter J. F., Stapleton J. A. Nicotine replacement therapy for
long-term smoking cessation: a meta-analysis. Tob Control
2006; 15: 280–5.

59. Briggs A. H. Handling uncertainty in cost-effectiveness
models. Pharmacoeconomics 2000; 17: 479–500.

60. DrummondM., BarbieriM., Cook J., Glick H. A., Lis J., Malik F.,
et al. Transferability of economic evaluations across jurisdic-
tions: ISPOR good research practises task force report. Value
Health 2009; 12: 409–18.

61. Levy D. E., Klinger E. V., Linder J. A., Fleegler E. W., Rigotti N.
A., Park E. R., et al. Cost-effectiveness of a health system-based
smoking cessation program. Nicotine Tob Res 2016. 18 Oct
2016, ntw243.

62. Kautiainen K., Ekroos H., Puhakka M., Liira H., Laine J.,
Linden K., et al. Retreatment with varenicline is a
cost-effective aid for smoking cessation. J Med Econ 2016;
18: 1–16.

63. Cadier B., Durand-Zaleski I., Thomas D., Chevreul K.
Cost effectiveness of free access to smoking cessation
treatment in France considering the economic burden
of smoking-related diseases. PLOS ONE 2016; 11:
e0148750.

64. Mullen K. A., Coyle D., Manuel D., Nguyen H. V., Pham B.,
Pipe A. L., et al. Economic evaluation of a hospital-initiated
intervention for smokers with chronic disease, in Ontario,
Canada. Tob Control 2015; 24: 489–96.

12 Kathryn Coyle et al.

© 2017 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction


