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Abstract: The aim of the study was to assess the budgetary impact of funding smoking-cessation
drugs in COPD patients in Spain. A hybrid model (cohort and Markov) was developed for
a 5-year time horizon. Only approved cessation drugs (varenicline, bupropion, and nicotine
replacement therapy) were considered. Irrespective of the drug, the model allowed for an initial cessation attempt, and up to three additional attempts in case of failure or smoking relapse
during a 5-year period. Drug effectiveness was based on controlled clinical trials. National
Health System perspective was applied; therefore, only medical resources were included. The
pharmaceutical costs for smoking-cessation drugs, extra medical follow-up as a consequence
of public reimbursement, and annual savings for health costs avoided due to stopping smoking
were considered. The model estimated that 17,756 COPD patients would stop smoking if public
funding was available, compared with 1,303 without reimbursement. In the reimbursement
scenario, the savings accounted for a total of €48.0 million, compensating for expenditures
on drugs and medical visits (€40.4 million). Accumulated total additional savings in 5 years
(€4.3 million) compared with the scenario without reimbursement was shown. Sensitivity
analyses supported the results robustness. Funding smoking-cessation drugs in COPD patients
seems to be an efficient option and a National Health System drug reimbursement scheme would
represent a cost-saving policy in Spain.
Keywords: pharmacotherapy, COPD, smoking cessation, budgetary impact, health service

Introduction
According to the World Health Organization, tobacco is the only legal product that
causes death in half of those who consume it regularly. As such, of the worldwide
1.3 billion current smokers, 650 million are expected to die prematurely during the
upcoming years, a number which represents 10% of the world’s current population.1
Although the gradual implementation of educational measures and the banning of
smoking in the public domain have led to a drop in the prevalence of smoking and its
mortality, 50,000 people still die from its complications in Spain annually. Thus,
a decrease in prevalence continues to be a primary objective for both clinicians and
health authorities.2
There is scientific evidence that combining psychological counseling with drug
treatment is the most effective and safe option for helping smokers quit smoking.3
Nicotine replacement therapy (NRT), bupropion, and varenicline are all recommended
pharmacotherapies3 because they have been shown to be effective in smoking cessation in subjects with respiratory diseases,4,5 and some of them, like varenicline, have
even been shown to be cost-effective in patients with COPD.6
Smoking cessation is a medical objective in patients with an elevated risk of
developing smoking-related health problems or who already have them, as is the case
with COPD.5,7,8 Moreover, smoking cessation in these patients has been shown to be
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associated with substantial savings for the Spanish National
Health System (NHS), particularly in the health care-related
component of costs, which are currently financed with public
funds.9–11
Therefore, the aim of this study was to estimate the
economic impact for the Spanish NHS budget where the
currently approved drugs (varenicline, bupropion, and NRT)
would be funded for the purposes of smoking cessation in
patients with COPD.

Methods
Design of the model
According to national12 and international13 recommendations
for developing budget-impact analyses (BIA), a decision
analysis model was developed using Microsoft Excel 2007
to project, over a 5-year period, the cost of smoking cessation
with psychological counseling plus smoking-cessation drugs
in smokers with COPD in Spain. The BIA was performed
using a hybrid model (cohort and Markov), which, from an
epidemiological perspective, represents the population of
patients with COPD who would try quitting smoking by using
pharmacological aids additionally to counseling. The impact
was estimated by comparing the cost of smoking cessation
under public funding for the drugs evaluated, compared with
the current situation, where these therapies are not funded
by the NHS.

Alternatives evaluated
The therapies included are the three alternatives currently
approved in Spain for smoking cessation: varenicline, bupropion, and NRT. Percentage distribution of use of each drug
in the unfunded scenario corresponds to the figures seen in
routine medical practice in Spain:14 21.9% for varenicline,
25.1% for bupropion, and 53.0% for NRT. The distribution
of use that these drugs would have in the hypothetical funded
scenario is not known, but in the base case it was assumed
that their distribution would be 44.6% for varenicline, 4.2%
for bupropion, and 51.2% for NRT. This distribution is justified by what has been observed in reference countries where
these drugs receive some type of public funding, such as the
Netherlands, Switzerland, or the United Kingdom, and by
the different efficacy/safety ratios for such drugs observed
in clinical trials with COPD patients.

Population
The cohort section of the model was used to identify the
target population, consisting of COPD diagnosed patients,
who would be willing to stop smoking and have tried at least
once in the last year using a pharmacological aid.
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The population used in the analysis was determined by
using an epidemiological algorithm (Figure 1), and it included
the Spanish population of smokers diagnosed with COPD,
aged 40 years (COPD defined according to the old European
Respiratory Society guidelines as applied in two studies
showing the prevalence of COPD in Spain).11,15 Because of
the differences in use of resources and prevalence of smoking by age and sex, the population was stratified by sex in
the following age groups: 40–69 years and 70 years. For
the total Spanish population 40 years (24,321,996 people
as of January 1, 2013),16 the prevalence of COPD in Spain
was used (4.5%15 between the ages of 40 and 69 and 18.1%10
for 70 years). A COPD diagnosis rate of 27%15 was used,
as was a smoking prevalence in this population of 29.1%15
in patients aged 40–69, 12.2% in men 70 and 4.2% in
women 70.17 The EPISCAN study15 showed that 61% of
patients with COPD who smoke would be ready to quit smoking, 42.8% of whom would have tried at least once to stop
smoking in the past year,18 and 13.9% of these patients would
use one of the available drugs.19 In addition to this prevalent
population, a yearly incidence of new COPD cases of 15.6
per 1,000 men and 3.1 per 1,000 women was used,20 which
was applied starting from the second year of analysis.
To calculate the population for the funded scenario based
on smoking-cessation drugs plus counseling, an increase
of 10% of the proportion of COPD patients diagnosed was
used to find the potential effect of funding on diagnosis
rate. In addition, it was considered that in a situation where
the alternatives evaluated were funded, the proportion of
patients who would be willing to stop smoking using one
of these drugs would increase to 61.7%, the same figure as
that estimated from the survey carried out by the National
Committee for the Prevention of Smoking.18

Structure of the model
The analysis starts with the target population described
earlier, who would be treated with one of the smokingcessation alternatives plus counseling. The efficacy of the
drug observed in COPD patients determines whether the
treatment is successful or the patient relapses into smoking.
A patient who stops smoking for a full year is considered
a smoking-cessation success. The model provides for the
possibility of further attempts with the same drug, up to
a maximum of three, during a 5-year period starting from
the first attempt to quit,21 both in case of failure after the
initial attempt as well as in case of relapse after a successful
attempt. Relapse was fitted at 3% yearly rate after 52 weeks
of abstinence.22 These situations represent the Markov-chain
part of the hybrid model (Figure 1).
International Journal of COPD 2015:10
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Figure 1 Diagram of the model: epidemiological cohort and Markov chain.
Abbreviations: COPD, chronic obstructive pulmonary disease; NRT, nicotine replacement therapy.

The efficacy of the drugs in COPD was expressed as
the continuous abstinence rate after 52 weeks following the attempt to quit: 10.0% for bupropion,23 18.6% for
varenicline,24 and 14.0% for NRT.25 In the funded scenario,
these figures were applied, considering that the funding is to
be combined with medical follow-up and counseling similar
to that followed in the clinical trial protocols. In routine
clinical practice, lack of funding has been associated with a
drop in medical follow-up and less antismoking counseling,
which results in real-world effectiveness values lower than
those observed in clinical trials. As such, in the unfunded
scenario, the efficacy rates were corrected by using a deflator
coefficient of 0.547.26

Resources and costs
The cost of the therapies in the funded scenario was calculated based on the current manufacturer selling price27,28
and by considering the dose, duration, and compliance for
the 12 weeks of treatment (66% for bupropion,23 78% for
International Journal of COPD 2015:10

NRT,25 and 84% for varenicline)24 observed in the clinical
trials (Table 1). In the funded scenario, the attempts to stop
smoking are associated with an increase of one initial visit
with a specialist doctor and four visits with the nursing
staff for each attempt. In the unfunded scenario, neither the
pharmacological costs of the smoking-cessation treatments
nor the health care costs of the medical visits with specialists
and/or nursing staff are assigned.
The economic benefits stemming from avoiding the use
of health care resources in patients who stop smoking were
obtained from the literature and were calculated starting from
the second year of cessation, based on the requirement of
12 months without smoking as the criterion for considering
smoking abstinence.10 All costs (Table 1) are expressed in
Euros (€, 2014 values).

Analysis
For each scenario, the economic impact is calculated based
on the estimated number of patients who effectively stop
submit your manuscript | www.dovepress.com
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Table 1 Unit costs (in €, 2014)
Parameter

Cost (in €, 2014)

Smoking-cessation drugs
MSP–VATa,27
RRP–VATa,27
33–35
Cost of treatment considering dose, duration, and compliance as observed in the clinical trials
Varenicline
€159.30
€248.67
Bupropion
€108.33
€169.11
Nicotine replacement therapy
€152.50
€238.06
Medical visits
Unit cost40,41
Initial visit with specialist
€130
Follow-up visit with specialist
€78
Visit with nursing personnel
€18
Yearly economic benefits in terms of health care resources avoided in patients who quit smoking by year of cessationb,10
40–69 years
70 years
First year
Second year
Third year
Fourth year
Fifth year

€0
€770 (95% CI: 90–1,531)
€1,089 (95% CI: 361–1,727)
€1,567 (95% CI: 1,079–2,024)
€1,871 (95% CI: 1,435–2,328)

€0
€1,398 (95% CI: 961–1,836)
€1,977 (95% CI: 1,341–2,644)
€2,258 (95% CI: 1,877–2,691)
€2,356 (95% CI: 1,889–2,773)

Notes: aRequired deduction of 7.5% included as per RD 8/2010. bAvoided costs are referred to as COPD-specific drugs, oxygen therapy, primary care medical visits, specialist
medical visit, and emergency visit, hospital admissions due to COPD exacerbations of cardiovascular events, diagnostic procedures, and laboratory tests.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; MSP–VAT, manufacturing selling price–value added tax; RD, Royal decree;
RRP–VAT, recommended retailing price–value added tax.

smoking in each year, multiplied by the average yearly health
care costs avoided due to stopping smoking that accumulate
starting from the second year the patient stops smoking and
are added during the complete follow-up period of 5 years
of analysis.

Sensitivity analysis
To test the model robustness, alternative scenarios were performed by changing case (each time modifying one assumption of the model) of the premises and values of the
parameters with greater uncertainty. In all, twelve alternative
analyses were performed, with the following characteristics:
use of an annual discount rate of 3%;12 increase of 25% in
the COPD diagnosis rate up to 33.75%; duplication of the
yearly relapse rate up to 6.3%;29 increase of 50% of patients
who want and try to stop smoking as a result of funding;
proportion of use of smoking-cessation drugs in the funded
scenario equal to that used in the unfunded scenario; efficacy
of the smoking-cessation drugs equal to that seen in addictive
behavior units (varenicline, 57.4%; bupropion, 52.9%; and
NRT, 47.1%);14 alternative efficacy of smoking-cessation
drugs (varenicline, 33.2%; bupropion, 24.2%; and NRT,
26.3%) based on a Cochrane review;3 efficacy of smokingcessation drugs equal to that seen in tobacco-cessation
units (varenicline, 43.0%; bupropion, 46.2%; and NRT,
28.7%);30 economic benefit of costs avoided in patients who
stop smoking, with a value equal to the lower limit of the
95% confidence interval instead of the mean value of cost
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avoided;10 copayment of 0% by patients of the cost of the
smoking-cessation drugs, given as total funding by the NHS
of the recommended retail price plus value added tax (VAT)
of the drugs instead of the manufacturer selling price used
for the base-case scenario; copayment of 50% by patients
based on the model used in the Autonomous Community of
the Canary Islands for funding in patients with respiratory
diseases; and increase in medical health care visits in the
funded scenario, resulting in an initial visit with the specialist,
a follow-up visit with the specialist, and four visits with the
nursing staff for each attempt to quit.

Results
It was estimated that, in the unfunded scenario, the cohort of
COPD patients willing to quit with a drug would be 3,638;
3,905; 4,167; 4,426; and 2,006 patients in the first, second,
third, fourth, and fifth years, respectively, for an accumulated
total of 18,142 patients, 1,303 of whom would stop smoking
during the analyzed period. In the funded scenario, the patient
cohort was estimated to be 26,740 in the first year, 26,579 in
the second year, 26,630 in the third year, 26,850 in the fourth
year, and 13,361 in the fifth year, for an accumulated total
of 120,161 smokers, 17,756 of whom would stop smoking.
Table 2 shows the breakdown of the calculation of the number
of patients in each scenario. In the unfunded scenario, neither
costs associated with smoking-cessation drugs nor health care
costs that had to be paid by the NHS were considered. The
funded scenario would involve an accumulated investment

International Journal of COPD 2015:10
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3,638

3,638
280
81
50
148

3,358
8
3,905
300
85
55
159

3,889

26,266

797
913
1,928

222,000
59,940
14,895
9,086

516,629
100,606
61,369

24,321,996
1,913,441

3,605
17
4,167
319
89
60
170

545

3,935

224,888
60,720
15,072
9,194

3,849
26
4,426
338
93
64
180

551

3,978

227,680
61,474
15,238
9,295

1,421
28
2,006
154
43
28
82

556

4,018

230,289
62,176
15,388
9,387

Year 5

26,470
4,247
2,218
112
1,917

11,926
1,123
13,691

26,740

43,339

568,292
110,666
101,260

24,321,996
1,913,441

22,493
127
26,579
4,205
2,146
118
1,940

3,959

6,417

222,000
65,934
16,385
14,992

Year 2

Year 1

Year 4

Funded scenario
Year 3

Year 1

Year 2

Unfunded scenario

Abbreviations: COPD, chronic obstructive pulmonary disease; NRT, nicotine replacement therapy.

General population 40 years
Prevalent population with COPD
Incident population with COPD
Population diagnosed with COPD
Population of smokers diagnosed with COPD
Population of smokers with COPD who want
to quit smoking
Population of smokers with COPD with at
least one attempt to stop smoking
Total number of COPD patients who want
to stop smoking with the aid of drug treatment
With varenicline
With bupropion
With NRT
Accumulated failures
Relapses after abstaining for 52 weeks
Total number of patients treated yearly
Total number of patients who stop smoking yearly
With varenicline
With bupropion
With NRT

Variable

Table 2 Estimation flow of patients that should be treated with smoking cessation therapies yearly in Spain in funded and in unfunded scenarios

22,375
250
26,630
4,199
2,104
124
1,972

4,006

6,493

224,888
66,792
16,579
15,170

Year 3

22,431
368
26,850
4,222
2,083
129
2,010

4,050

6,564

227,680
67,621
16,762
15,337

Year 4

8,904
368
13,361
2,111
1,071
60
980

4,090

6,629

230,289
68,396
16,927
14,488

Year 5
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during the 5-year analysis of €18,436,000, corresponding to
the cost of smoking-cessation drugs, plus €21,914,000, that are
due to medical visits (specialist and nursing staff), which would
amount to a total cost of €40,350,000 over the 5 years.
The savings due to smoking cessation (observable starting
from the second year of quitting) in the unfunded scenario were
estimated to be €270,000 for the second year, €653,000 for
the third year, €1,145,000 for the fourth year, and €1,316,000
for the fifth year. In the funded scenario, these savings would
be, €4,096,000, €9,573,000, €16,319,000, respectively, and
€18,005,000 in the last year (Table 3). The budgetary impact
of funding the smoking-cessation drugs would result in a
cost difference of +€9,038,000 in the first year, +€5,115,000
in the second year, +€708,000 in the third year, -€6,212,000
in the fourth year, and -€12,201,000 in the fifth year, which
produces accumulated savings during the 5-year analysis of
€4,258,000 (Table 3). Table 4 shows the budgetary impact
split by the various autonomous communities.
In the sensitivity analysis, the efficacy of the smokingcessation therapies was observed to be the parameter with
the greatest influence on the results (Figure 2). In the analysis
where the efficacy observed in addictive behavior units was
applied, the accumulated impact during the 5-year period for
the funded scenario, compared with the unfunded scenario,
reached a maximum value of €89,880,000 in savings for the
NHS. By contrast, when the value below the 95% confidence
interval of the economic benefits associated with smoking
cessation is considered, an accumulated impact over 5 years
would amount to €18,371,000. The tornado chart shown in
Figure 3 gives the results of the accumulated impact over
the 5 years derived from modifying the parameters used in
the sensitivity analyses.

Discussion
A BIA is intended to provide data on the effect of adding
new health care technologies and medicines to the public

budgets, both in aggregated form for the NHS as a whole as
well as for the regional health services. Though not intended
to replace the use of other types of economic evaluations,
this type of study fulfils the important objective of providing
decision-makers with relevant data on the financial viability
of adopting new treatments.31 With the potential funding of
drug treatments to aid smoking cessation, the efficacy of
which has been clearly shown in the literature,9,32–35 the BIA
of including these drugs in the public funds for medicinal
products offers guidance for the potential increase in pharmaceutical spending, an aspect with increasing significance
nowadays.
This study included a BIA of funding treatment to help
smokers with COPD in Spain quit smoking. A 5-year hybrid
model was designed that provides for NHS funding together
with a normal copayment by patients. The data show that in
the current unfunded scenario, a total of only 1,303 smokers
with COPD would stop smoking over the 5 years; whereas, in
the funded scenario, this would increase to a total of 17,756.
This would amount to a total estimated extra savings for the
NHS of €4,258,000 as a result of funding. It should also be
noted that the single-variable sensitivity analysis indicates
that both the large-scale incorporation of smokers with
COPD into the program with funded treatment, as well as
the increased effectiveness of the treatments provided, would
augment the economic benefits for the NHS.
The vast majority of scientific health care institutions recommend that public health services fund smoking-cessation
treatments,3,36 as they are considered to be one of the most
effective health care interventions.3 In addition, it must be
noted that the only treatment that has proved to be effective
in stopping COPD from progressing in patients who smoke
is quitting smoking, and the COPD treatments currently
available, apart from being expensive, are only symptomatic and are not able to stop the disease from progressing.37
These reasons seem to favor funding for smoking-cessation

Table 3 Results of the budget-impact analysis for the Spanish National Health System, by year and accumulated cost
Variable
Cost in smoking-cessation drugs (in millions of €)
Health care costs (in millions of €)
Mean costs incurred (in millions of €)
Mean costs avoided by stopping smoking (in millions, €)
Budgetary impact (in millions, €) for National Health System
due to effect of funding vs no funding

2032
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Without funding
With funding
Without funding
With funding
Without funding
With funding
Without funding
With funding

Year 1

Year 2

Year 3

Year 4

Year 5

Accumulated

0
4.109
0
4.929
0
9.038
0
0

0
4.080
0
4.861
0
8.941
270
4.096

0
4.083
0
4.838
0
8.921
653
9.573

0
4.114
0
4.848
0
8.962
1.145
16.319

0
2.500
0
2.438
0
4.488
1.316
18.005

0
18.436
0
21.914
0
40.350
3.384
47.992

9.038

5.115

708

-6.212

-12.201

-4.258
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Table 4 Results of the budget-impact analysis (in millions of €), by year and accumulated cost, in the autonomous community-funded
scenario with smoking-cessation drugs
Autonomous community

Year 1

Year 2

Year 3

Year 4

Year 5

Accumulated

Andalusia
Aragon
Asturias
Balearic Islands
Cantabria
Canary Islands
Castilla-La Mancha
Castile and León
Catalonia
Ceuta and Melilla
Extremadura
Galicia
Madrid
Murcia
Navarre
Basque country
La Rioja

1.531
273
241
201
122
393
393
551
1.428
25
218
597
1.197
254
125
460
63

866
154
136
114
69
222
222
312
808
14
123
338
678
144
71
260
36

120
21
19
16
10
31
31
43
112
2
17
47
94
20
10
36
5

Valencia

964

546

76

−1.052
−187
−165
−138
−84
−270
−270
−379
−982
−17
−150
−410
−823
−175
−86
−316
−44
−663

−2.067
−368
−325
−272
−165
−530
−530
−744
−1.928
−35
−295
−806
−1.616
−343
−169
−621
−86
−1.302

−721
−128
−113
−95
−58
−185
−185
−260
−673
−12
−103
−281
−564
−120
−59
−217
−30
−454

treatments in smokers with COPD. In Spain, a country suffering a serious economic crisis and where there is public funding for medicines, the political and health authorities fund
every kind of COPD treatment except smoking-cessation
treatment in these patients.
An interesting conclusion, based on the results of this
study, is that profits for the NHS and the public health services in the various autonomous communities of Spain would
become evident from the fourth year of funding, which would
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make investing in smoking-cessation treatment in smokers
with COPD a short-term investment. This finding has been
greatly valued by those making decisions on health care
policies.38,39 Furthermore, another important finding was that
funding smoking-cessation therapies, not only lead to a higher
number of patients willing to quit smoking with the aid of
combined therapies, but would generate even more savings
for the public health service. The higher number of smokers
who would be willing to quit smoking by using the funded
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Figure 2 Results of the budget impact for the sensitivity analysis.
Notes: The values (in millions of €) of the different scenarios show the impact of the current funded scenario compared with the current unfunded scenario. BIA, budgetimpact analysis. The values (in millions of €) of the different scenarios show the impact of this scenario on the current unfunded scenario after discarding the value observed
in the current scenario.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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Figure 3 Tornado chart showing the results of the accumulated budgetary impact after the 5-year sensitivity analysis.
Note: The values (in millions of €) indicate the differences between the funded and unfunded scenarios.
Abbreviation: COPD, chronic obstructive pulmonary disease.

treatments has been one of the problems noted by health
care administrators faced with deciding whether to approve
funding, for fear that such an increase would lead to higher
health care costs.38,39 The hypothetical increase of 50% of
subjects, who would be willing to make a serious attempt
to quit smoking with the aid of combined treatment, would
generate additional savings of €6,900,000 after 5 years. On
the other hand, increasing effectiveness of these drugs in
smokers with COPD would result in a significant increase in
economic benefits for the NHS. The data suggest that, if all
smokers with COPD were managed in tobacco units staffed
with experts in this area, the savings for the NHS would
amount to €45,000,000 after 5 years.
This analysis does have some possible constraints that
should be considered when interpreting the results. The first
is due to the particularly short period of modeling used for
an intervention, the clinical benefits of which are observed
over the long term and, therefore, the actual long-term savings
from success in smoking cessation could be underestimated.
The 5-year period, however, is sufficient for observing drug
effectiveness after several attempts and is therefore a realistic approximation of what happens in clinical practice. The
model does not consider periods of treatment with smokingcessation drugs of less or more than the 12 weeks contained in
most clinical trials with these drugs. The analysis assumes that
all smoking-cessation attempts will be made using the same
drug, because no information is available on effectiveness in

2034

submit your manuscript | www.dovepress.com

Dovepress

patients who switch to a different pharmacological alternative.
The possibility of cessation attempts using two or more drugs
at the same time was also not analyzed because although this
combination may succeed in some cases in routine clinical
practice, it is not recommended in the summaries of product
characteristics of these drugs. Although smoking-cessation
drugs may have adverse effects, any cost these might have
is not included in the analysis because the impact would be
associated more with quitting and treatment failure than with
a relevant use of resources to manage such an impact. This
analysis does not include estimated mortality rates in smokers in the model in the prevalent cases who failed and tried
again to quit smoking, because it was assumed that in the
5 years of modeling, the estimated number of deaths would
be very low and would not substantially change the results.
In line with the chosen perspective, the effect on absenteeism
in the workplace was not considered. Finally, we developed
a mathematical model trying to predict the human behavior,
which needed the incorporation of several assumptions,
which were also managed in a sensitivity analysis; inherent
limitations could not be completely ruled out.
The results of this analysis indicate that smoking cessation with the aid of pharmacological alternatives generates
economic benefits for the NHS due to patients who quit
smoking. Public funding for these drugs would involve
long-term savings for the NHS, savings, which were evident
from the fourth year of analysis. The estimated economic
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benefits increased proportionally with the increase in the
population able to take part in a program that funds smoking cessation, with a parallel increase in the effectiveness of
these drugs stemming from better follow-up by the medical
staff involved in the antismoking counseling. In conclusion,
funding smoking-cessation drugs is a public health strategy
that is economically beneficial for Spain’s NHS.
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