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ABSTRACT
Objectives  This study conducts a cost-effectiveness 
analysis of the Tobacco Treatment Programme (TTP) 
of Uruguay’s National Resource Fund (NRF), within the 
context of the country’s advanced implementation of 
tobacco control policies.
Design  We run a 10 000 Markov model simulation with 
three states (people who smoke, people who have quit 
smoking and death) to simulate the trajectories of a cohort. 
The model has been widely used in previous studies 
evaluating smoking cessation interventions.
Participants  For the simulations, we use information 
from the 2016 to 2017 NRF TTP cohort. Nearly half of 
the participants lived in the capital, one-fifth had tertiary 
education, and about one-third had public health coverage. 
Participants began smoking at an average age of 16 years 
and smoked about 20 cigarettes per day when entering 
the TTP.
Interventions  The process of tobacco cessation is 
simulated under different alternatives: no intervention, the 
current TTP (bupropion, nicotine gum and counselling), 
an expanded TTP that incorporates nicotine patches as a 
replacement therapy, and a potential future programme 
with cytisine and counselling (with and without mortality 
adjustments).
Setting  We focus on Uruguay, which has been recognised 
as a global leader in tobacco control, including 100% 
smoke-free environments, a full advertising ban, plain 
packaging and steady tax increases.
Measurements  We compare cost-effectiveness of policy 
alternatives using years of life lost (YLL) and incremental 
cost-effectiveness ratios, comparing policy alternatives 
with no intervention and the current tobacco cessation 
programme in the country. The analysis considers the 
direct costs of treatments for smoking-related diseases 
(healthcare perspective) as well as social costs resulting 
from loss of productivity (societal perspective).
Results  The results indicate that all policy interventions 
lead to a reduction in the YLL compared with no 
intervention. Among these options, the inclusion of cytisine 
emerges as the most cost-effective choice. In a scenario 
including the transition probabilities from the TTP cohort, 
this alternative would result in a 10.9% reduction in YLL, 
with a particularly positive impact among women (−16.5% 
vs −4.0% in men). In terms of cost-effectiveness, the costs 
per YLL averted would be on average US$3991 per YLL 

from a healthcare perspective, and US$3773 per YLL from 
a societal perspective.
Conclusions  Tobacco cessation programmes in Uruguay 
are highly cost-effective, and our results justify their 
expansion and optimisation. The incorporation of cytisine 
into the TTP and a focus on groups with more severe 
tobacco consumption are recommended.

INTRODUCTION
Tobacco control policies have reached high 
levels of implementation in several countries, 
leaving limited room for additional gains 
through taxation or regulation alone. After 
comprehensive measures such as advertising 
bans, smoke-free environments, large picto-
rial warnings and plain packaging are fully 
adopted, the marginal impact of new regu-
latory efforts decreases. In these contexts, 
the remaining potential to further reduce 
the burden of smoking increasingly depends 
on the reach and effectiveness of cessation 
support. Helping people who smoke quit 
becomes the most effective lever to reduce 
tobacco-attributable morbidity and prema-
ture mortality once the ‘easy gains’ from 
tobacco-control policies have been exhausted.

Tobacco cessation programmes are widely 
implemented worldwide using context-
specific approaches. Common strategies 
include helplines, online services, support 
groups, behavioural therapies, nicotine 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ We expand the number of illnesses used in a Markov 
chain simulation for tobacco control to seven, which 
has not been used before.

	⇒ We focus on comparing five policy interventions, 
including no cessation programme, the current pro-
gramme and new alternatives with cytisine as nico-
tine replacement therapy.

	⇒ We use a cohort of 10 000 simulations plus 1000 
bootstrap resampling methods to generate incre-
mental cost-effectiveness ratios and 95% CIs.
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replacement therapy (NRT) and prescription medica-
tions. Evidence shows these interventions increase quit 
rates and are among the most cost-effective strategies to 
reduce tobacco-related disease costs.1–3 A substantial body 
of evidence from high-income countries shows that these 
interventions increase quit rates and are among the most 
cost-effective strategies to reduce tobacco-related disease 
and premature mortality. For example, Lee et al4 reviewed 
hospital-based cessation programmes and reported 
favourable incremental cost-effectiveness ratios (ICERs), 
including US$10 550 per year of life gained and US$5680 
per quality-adjusted life year (QALY), well within WHO-
recommended thresholds. Similarly, Cadham et al5 
found that multiple cessation strategies for US people 
who smoke eligible for lung cancer screening were cost-
effective, with ICERs ranging from US$555 to US$35 531 
per QALY, while Hoogendoorn et al6 reported substan-
tial life-year gains and high cost-effectiveness of cessation 
interventions among patients with chronic obstructive 
pulmonary disease (COPD) in the UK. Evidence from 
non-hospital and population-based settings further 
supports these findings, including cost-effective motiva-
tional text messaging interventions in primary care in 
Spain,3 national cessation programmes in France2 and 
paediatric-care-based interventions in the USA.7

Beyond QALYs, reductions in years of life lost (YLL) 
highlight the population-level benefits of smoking cessa-
tion. Jha et al8 showed that quitting smoking before age 40 
avoids more than 90% of tobacco-related excess mortality 
and adds approximately 9 years of life expectancy, while 
Holford et al9 estimated that tobacco control policies in 
the USA prevented 8 million deaths and saved 157 million 
life years between 1964 and 2012. Together, this literature 
underscores the strong economic and public health ratio-
nale for investing in cessation support, particularly in 
settings where regulatory tobacco control measures have 
already reached maturity.

Evidence outside hospital settings also supports broader 
population interventions. In Spain, Cobos-Campos et al3 
found motivational text messaging in primary care cost-
effective, significantly boosting quit rates. Cadier et al2 
estimated cessation programmes in France could save 
€15–215 million over 5 years, with implementation costs 
of €125–421 million. An innovative US programme, 
CEASE (Clinical Effort Against Secondhand smoke 
Exposure), evaluated by Drouin et al,7 targeted parental 
smoking in paediatric care using NRT, texts and support 
lines. It was cost-effective, with an ICER of US$1132 per 
QALY, emphasising the impact of adapting interventions 
to non-traditional contexts.

While the cost-effectiveness of smoking cessation 
programmes has been widely documented, most 
evidence comes from high-income countries and from 
settings where tax and regulatory policies are still 
evolving. Far less is known about the performance of 
cessation interventions in environments where tobacco 
control policies are already highly developed. In addi-
tion, there is almost no economic evaluation of cytisine 

as a cessation tool in Latin America, and virtually none 
assessing cost-effectiveness from both the healthcare 
and societal perspectives in a publicly financed universal 
healthcare system. The lack of evidence from mature 
policy environments represents a relevant gap, since 
the marginal value of cessation support may be higher 
where traditional regulatory instruments have reached 
saturation.

In the case of Uruguay, the country has been recognised 
as a global leader in tobacco control since ratifying the 
WHO’s Framework Convention on Tobacco Control in 
2004, which came into force in 2005. The treaty imple-
mented MPOWER strategies including: M (monitoring 
tobacco use and prevention policies), P (protecting 
people from tobacco smoke), O (offering help to quit 
tobacco use), W (warning about the dangers of tobacco), 
E (enforcing bans on advertising, promotion and spon-
sorship) and R (raising taxes on tobacco products). These 
measures led to major milestones such as 100% smoke-
free environments (since 2006), a full advertising ban 
(2014), plain packaging (2020) and steady tax increases, 
rising from 44% of the retail price of a 20-cigarette pack 
in 2005 to 65% in 2023, including the addition of value 
added tax since 2007 (see10 for a detailed description and 
timeline of all measures).

The measures have significantly reduced tobacco use: 
adult smoking dropped by 33% between 2006 and 2022, 
and youth smoking (ages 13–17) fell by 72% from 2003 to 
2021. However, progress has been slower among women 
and socioeconomically vulnerable groups.10 Based on the 
latest available data, in 2024, 20.44% of Uruguayans aged 
15–64 smoked, measured as daily or occasional tobacco 
use.11 Despite progress, tobacco use remains a leading 
cause of preventable death in Uruguay, responsible for 
15% of total deaths annually, which is comparable to 
COVID-19 mortality in 2020–2021.12

Given the extensive implementation of most MPOWER 
measures in Uruguay, there is an opportunity to 
strengthen the ‘O’ component by expanding and better 
targeting cessation support. To inform this, we conducted 
a cost-effectiveness analysis of the Tobacco Treatment 
Programme (TTP) of the National Resources Fund 
(NRF), the institution which finances this programme. 
The NRF is a non-state public entity regulated by law 16 
343, operating since 1981. It operates as a reinsurance 
agency for providing universal financial coverage for 
highly complex procedures, expensive devices and expen-
sive medications for all residents covered by the National 
Integrated Health System. We also examined alternative 
evidence-based medications to improve policy design.

Through Markov model simulations, we compared 
different policy scenarios: no intervention; the current 
NRF TTP (including bupropion, nicotine gum and coun-
selling); an expanded NRF TTP that incorporates nico-
tine patches as replacement therapy; and a potential 
future programme that adds cytisine alongside counsel-
ling. The estimation of YLL and the ICER indicates that 
the current NRF TTP is a cost-effective intervention, while 
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the inclusion of cytisine as an alternative treatment could 
enhance both health and economic benefits.

Overall, tobacco cessation programmes have been 
shown to be highly cost-effective in reducing disease 
burden. Reviewed studies show favourable ICERs across 
diverse settings. QALY and YLL estimates reinforce the 
value of investing in cessation efforts to improve health 
and reduce tobacco-related costs.

Our study contributes to the literature by using real-
world cessation outcomes from a national programme 
cohort, rather than relying exclusively on international 
parameters. By incorporating transition probabilities 
observed in the Uruguayan TTP, our Markov model 
approach reflects the behaviour of treatment-seeking 
people who smoke in a mature tobacco control environ-
ment. The evaluation compares multiple pharmacolog-
ical strategies under two perspectives—healthcare costs 
and societal productivity losses—and uses YLL as the 
primary outcome, aligning with global disease burden 
methodologies. This approach allows us to assess not only 
clinical effectiveness but also economic efficiency and the 
value of investing in cessation relative to continuing to 
finance tobacco-related diseases.

We find that while all alternative cessation programme 
scenarios are cost-effective when compared with no inter-
vention (no cessation scenario), a treatment including 
cytisine emerges as the most cost-effective option. Cytisine 
not only produces the largest reduction in YLL but also 
becomes cost-saving relative to other treatments, reducing 
both healthcare expenditures and productivity losses. The 
results are particularly pronounced among women, who 
gain more years of life and generate lower costs per YLL 
averted. These findings support policy design and opti-
misation in Uruguay, including alternative treatments for 
cessation programmes at the local level, in both private 
and public health institutions.

This paper is structured as follows: the background 
section provides a summary of the tobacco treatment and 
cessation programme of the Uruguayan NRF as well as 
a short summary of the international evidence. We then 
provide detailed explanations on the data and the meth-
odology used to evaluate this programme, as well as the 
different scenarios used in this study. We then discuss the 
results of the programme evaluation under the different 
scenarios and conclude with a discussion, including policy 
recommendations.

BACKGROUND
In 2003, the NRF began implementing programmes to 
prevent cardiovascular diseases while optimising resource 
allocation for treating these conditions. A TTP was 
created after recognising that patients undergoing treat-
ments like angioplasty or coronary revascularisation often 
continued smoking. Launched in December 2003 for this 
group, it later expanded nationwide through awareness 
campaigns.13

Uruguay’s 2008 Comprehensive Tobacco Control Law 
(Law No. 18.256 (https://www.impo.com.uy/bases/​
leyes/18256-2008.) required all primary care providers, 
public or private, to include tobacco dependence diag-
nosis and treatment as a basic service. In 2009, the Ministry 
of Public Health (MSP) and NRF issued national guide-
lines including training, nicotine gum and free bupropion 
to institutions with cessation programmes and minimal or 
no copayments.13 Providers without NRF agreements had 
to offer services but could charge copayments.

The TTP of the NRF is one of the few large-scale cessa-
tion initiatives that operates within a universal health 
system and systematically monitors patient outcomes. 
Unlike many cessation programmes in high-income coun-
tries, which rely primarily on pharmacotherapy delivery 
or digital services, the TTP integrates behavioural coun-
selling with pharmacological treatment, allowing stan-
dardised follow-up across healthcare providers. The 
existence of a single national programme also enables 
the estimation of transition probabilities based on real-
world data, which is uncommon in economic evaluations 
of smoking cessation.

Operationally, the TTP combines pharmacological 
treatment (bupropion and nicotine gum) with structured 
counselling delivered by trained health professionals. 
Patients are typically offered at least three counselling 
visits during treatment initiation. Adherence to follow-up 
is strongly associated with success: 55% of participants who 
attend ≥3 sessions achieve point-prevalence abstinence at 
12 months, compared with 10–14% among those with 
fewer visits.14 This feature makes the programme partic-
ularly valuable for evaluating long-term outcomes, since 
many cessation interventions lack systematic follow-up.

The NRF monitors annual cohorts using surveys 
stratified by gender, provider type, medication use and 
number of counselling visits. Data from the 2016–2017 
cohort (latest available) show follow-up visits are key to 
cessation: 55% of those attending three or more visits 
achieved point prevalence abstinence (Point prevalence 
abstinence is defined as the percentage of patients who 
achieved at least a 7-day abstinence period at any time 
during tobacco cessation treatment.) in the first year, 
versus 14% among those with fewer visits. 6-month absti-
nence was 30% versus 17%, and 12-month abstinence was 
27% versus 10%.14

Results also differed by treatment site. Participants 
in ‘internal’ NRF units showed higher abstinence rates 
across all measures than those in ‘external’ units. Point 
prevalence at 12 months was 44% versus 36%, 6-month 
abstinence was 31% versus 21% and 12-month abstinence 
was 25% versus 16%, respectively.14

Despite its strong performance, the current pharma-
cological options are limited to bupropion and nicotine 
gum. Nicotine patches are not currently financed by 
the programme (although available in the market) and 
cytisine is not yet available in the country as a treatment 
option (as it depends on a pharma company being willing 
and subsequently applying to bring in the medication 
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into the country). Both therapies have shown superior or 
comparable effectiveness in the international literature 
and may particularly benefit highly dependent people 
who smoke. Given that Uruguay already finances the treat-
ment of tobacco-attributable diseases—including cancer, 
COPD and cardiovascular events—the question for poli-
cymakers is not whether to pay, but when. Investing earlier 
through effective cessation may reduce downstream treat-
ment expenditure and productivity losses.

Taken together, Uruguay represents a unique setting 
to evaluate smoking cessation interventions: (1) tobacco 
control policies are already mature and comprehensive, 
reducing confounding from concurrent policy changes; 
(2) the TTP provides real-world cessation probabilities; 
and (3) the health system internalises the economic conse-
quences of continued smoking. These characteristics 
allow for a cost-effectiveness analysis that directly informs 
financing decisions, something that is rarely possible in 
countries without universal treatment coverage.

DATA AND METHODOLOGY
To conduct the economic evaluation of the TTP, we 
carried out a cost-effectiveness analysis based on Markov 
models with five mutually exclusive main states: undiag-
nosed people who smoke, undiagnosed people who have 
quit smoking, diagnosed people who smoke (with one of 
the seven tobacco-related illnesses), diagnosed people 
who have quit smoking and dead (the latter being an 
absorbing state).2 3 15 16 We follow the Consolidated Health 
Economic Evaluation Reporting Standards (CHEERS) 
2022 updated guidance checklist to report economic 

evaluations (complete checklist provided as online 
supplemental material).17 This study was not conducted 
using patients or a clinical trial, only using government or 
public information only. Thus, ethical approval was not 
needed.

As expected, the TTP cohort is not representative of 
all people who smoke in Uruguay, as participants are 
treatment-seeking individuals, often with higher nicotine 
dependence and comorbidities. Thus, estimated cessa-
tion probabilities may differ from population averages. 
We explicitly incorporate this limitation in interpreting 
the results.

To simulate the process of quitting smoking, we used 
a stratified sample from the latest cohort of TTP people 
who smoke in 2016–2017 (provided by the NRF, through 
liaising with their former and current directors of the 
institution).14 The sample consisted of 57% women, with 
an average age of 48 years. Nearly half of the participants 
lived in the capital, one-fifth had tertiary education and 
about one-third had public health coverage. Participants 
began smoking at an average age of 16 years and smoked 
about 20 cigarettes per day when entering the TTP.

Figure  1 presents the Markov model used, which 
includes transition probabilities between states for seven 
smoking-related diseases. The transition probabilities 
(PSS, PSF, PFS, PFF) are based on data from the NRF’s 2016–
2017 cohort and vary by gender and age. Probabilities 
were calculated based on sustained abstinence at 6 and 
12 months.

The model operates in 6-month cycles, during which 
participants can move between states: people who smoke, 

Figure 1  Structure of the Markov model used to simulate smoking cessation trajectories and associated health and 
economic outcomes. Individuals enter the model as smokers and may transition between mutually exclusive health states 
representing smoking status (current smoker or former smoker), diagnosis of tobacco‑related disease, and death (absorbing 
state). Transitions occur in 6-month cycles over the model time horizon, with probabilities varying by age and sex. Intervention 
scenarios affect cessation and relapse probabilities but not disease-specific transition structures. Source: based on.2 3 56
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people who have quit smoking and death. Both people 
who smoke and people who have quit smoking are at 
risk of developing the following diseases associated with 
active smoking (Due to the lack of information regarding 
second-hand smoke exposure, smoke-related illnesses 
will not be considered in the analysis. Peripheral artery 
disease, which primarily affects heavy people who smoke, 
is also not considered because it is not reported in the 
MSP mortality tables.): lip, oral cavity and pharynx cancer 
(C00-C14) (The codes correspond to the International 
Classification of Diseases.), oesophageal cancer (C15), 
laryngeal cancer (C32), trachea, bronchus and lung 
cancer (C33, C34), ischaemic heart diseases (I20-I25), 
cerebrovascular diseases (I60-I69), chronic lower respira-
tory diseases (J40-J47).

Mortality probabilities and prevalence for each disease 
were estimated following the methodology proposed by 
Flack et al,15 adjusting the mortality tables of Doll et al18 by 
disease. To calculate prevalence (PSi and PFi) and disease-
specific mortality (PiDS and PiDF), we used mortality statis-
tics from the MSP and relative risk ratios from previous 
studies.15 19 20 Mortality from causes not associated with 
smoking was assumed to be equal for people who smoke 
and people who have quit smoking (PSD and PFD), based 
on MSP data.

In our model and following,3 people who have quit 
smoking were assigned a constant relative risk of morbidity 
and mortality compared with people who smoke. We did 
not stratify risks by time since quitting due to data limita-
tions. This simplifying assumption likely underestimates 
the long-term health benefits of sustained abstinence, 
as epidemiological evidence shows that morbidity and 
mortality risks decline progressively with increasing years 
since cessation.8 9

The model’s time horizon spans from age 18 (legal 
adulthood in Uruguay) until the life expectancy: 74 years 
for men and 81 years for women, allowing us to include 
a long-term perspective from an individual point of 
view (INE, Esperanza de vida al nacer por sexo | Tabla 
| Observatorio Territorio Uruguay.). Participants transi-
tion between states with age-increasing probabilities. We 
performed a simulation of a 10 000 individual cohort of 
people who smoke for each scenario, allowing estima-
tion of cumulative costs and benefits, measured in YLL 
for each alternative. YLLs are calculated by multiplying 
the number of deaths by the standard life expectancy 
at the age of death. The results shown in this study are 
presented based on those cohort simulations.

We evaluated five policy alternatives:
1.	 No intervention: Based on transition probabilities 

from the 2018 National Drug Consumption Survey.21 
Since in this survey the PSF transition is nested within 
the PSS, we use the transition that arises from the NRF 
for this case. This is the base case used for the compari-
sons with the sensitivity analysis (cases two to five).

2.	 Current NRF TTP: Includes nicotine gum and bupro-
pion (It is estimated that 30% of patients have con-
traindications to bupropion use. This percentage has 

already been included in the medication expenditure 
data from the current NRF TTP. The average duration 
of medication use is 60 days.).

3.	 Expanded NRF TTP: Includes nicotine patches for pa-
tients with severe nicotine dependence (Fagerström 
test score of 7 or higher).

4.	 Future programme: Combines cytisine and counsel-
ling22–24 without changes in mortality rates compared 
with alternatives 2 and 3.25

5.	 Future programme with a 14% reduction in mortality 
from tobacco-related diseases, based on a lung cancer 
simulation model .26

The decision to include these alternatives is based on 
priorities of the NRF and does not aim to be exhaustive 
from a theoretical point of view. Although mCessation or 
quitlines could be included as alternatives and are part 
of prior population-level analyses in low- and middle-
income countries,27 we decided, in discussion with NRF 
authorities, to not include these given the lack of assigned 
costs within the Uruguayan health system, not allowing us 
to have a comparable and consistent modelling against 
the alternatives defined above. We did, however, include 
psychological counselling as it is part of the current NRF 
TTP (alternatives 2 and 3). There is consensus in the 
literature that smoking cessation programmes should 
combine psychosocial interventions with pharmacological 
therapies. First-line pharmacotherapies with proven effi-
cacy and safety include varenicline, bupropion and NRT 
(patches, gum); second-line drugs like nortriptyline and 
clonidine are used in special cases due to greater health 
risks.28 Cytisine, though not yet approved in the USA or 
much of Europe, is considered first-line and included in 
guidelines in Eastern Europe and Germany.28–30 Although 
there is strong long-term evidence on the usage and effi-
cacy of varenicline,31–33 we did not include it as an alterna-
tive based on local health policy criteria and relative costs, 
given that cytisine is the pharmacological alternative that 
the NRF was considering as a cost-effective substitute, and 
for which recent evidence of effectiveness is also robust.

The current NRF TTP provides nicotine gum, bupro-
pion and counselling. To estimate programme costs 
(medication and staff salaries), we used annual data from 
the NRF and Hospital de Clínicas (an internal unit in 
Montevideo). The annual cost per patient was calculated 
as the weighted sum of salaries and medications based on 
the NRF’s 2016–2017 cohort.

In policy alternative 3, we add nicotine patches to NRT. 
Based on Esteves et al,14 about 30% of TTP participants 
had severe nicotine dependence per the Fagerström 
test.34 35 For these participants, we considered a stan-
dard three-cycle patch treatment (21, 14 and 7 mg over 
successive 21-day periods). As patches are not available in 
Uruguay, average prices from USA and UK pharmacies 
were used.

For the future cytisine interventions, we propose 
combining pharmacological and psychological support, 
using the current TTP’s counselling structure, which is 
ideal for resource-limited systems. The classic cytisine 
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regimen is a 25-day tapering schedule of 1–3 days of one 
tablet every 2 hours (maximum six per day), decreasing to 
five tablets per day from days 4–12, 13–16 to four tablets 
per day, 17–20 to three tablets per day and 21–25 to one 
or two tablets per day. Newer studies like the RAUORA 
trial36 and protocols in Germany and the UK explore 
extended 12-week regimens, especially for highly depen-
dent patients. We used the 3-month regimen to represent 
a maximum-benefit scenario. Because cytisine reduces 
relapse rates, we assumed a zero probability of reverting 
to smoking once participants quit. International prices 
were used, as cytisine is not yet available in Uruguay.

Although no clinical trials directly show mortality 
reductions from cytisine,26 using a lung cancer model 
(CISNET, Cancer Intervention and Surveillance Model-
ling Network) found interventions could reduce cancer 
death by 14% with a 10% cessation rate. We included this 
estimate in our final simulation scenario, applying the 
14% reduction to all tobacco-related diseases.

Policy effects were operationalised by modifying the 
transition probability from people who smoke to people 
who have quit smoking. Relapse probabilities were held 
constant across scenarios, given limited evidence on how 
policies differentially affect relapse.37–39 In addition, while 
quitting probabilities were stratified by age and sex based 
on the TTP cohort, we did not model additional hetero-
geneity in policy effects by demographic groups, such as 
race, education or region. This approach ensures compa-
rability across scenarios, but may underestimate bene-
fits if some interventions are more effective in specific 
subpopulations.

The analysis was conducted from two perspectives:
	► Healthcare perspective: only includes treatment costs 

for smoking-related diseases and the intervention.
	► Societal perspective: adds productivity loss costs, calcu-

lated based on sick leave days, average hourly wages 
and employment rates by gender and age. We used 
the 2017 national averages of sick leave and wage data, 
assuming a 40-hour workweek and adjusting produc-
tivity loss estimates for those employed.

Although a full societal perspective is not adopted (as 
usually defined), the inclusion of avoided healthcare costs 
reflects an extended public payer perspective, consistent 
with NRF decision-making.

The simulations estimate cumulative costs and health 
outcomes for each alternative over time. In Uruguay, 
treatment for tobacco-related diseases is covered by 
either national public insurance, public coverage, private 
insurance or through the NRF for all residents. The 
average direct medical costs for treating each tobacco-
attributable disease are from.12 The authors estimated 
disease treatment costs using microcosting or macro-
costing approaches, depending on data availability. For 
micro-costing, they consulted experts, guidelines and 
medical records. When data were lacking, they applied 
disease treatment costs as a percentage of per capita Gross 
Domestic Product (GDP) from other countries to the 
target country’s GDP. While this method may oversimplify 

by assuming similar cost-to-GDP relationships and over-
looking health system differences, it is considered conser-
vative. The method excludes indirect costs, relies on 
average or outdated data and likely underestimates costs 
for countries like Uruguay with stronger health systems—
making the findings a minimum scenario.

As an outcome indicator, the ICER was calculated 
as the difference in costs divided by the difference 
in effectiveness between alternatives. The ICER 
indicates whether the additional benefits of a new 
intervention justify its extra costs, helping to guide 
healthcare resource allocation and support value-for-
money decisions. The ICER and its CIs are generated 
through 1000 bootstrap replications, presenting the 
average value as well as 95% CIs.

	﻿‍ ICER = Cost intervention−Cost alternative
YLL intervention−YLL alternative ‍� (1)

To indicate the model’s probabilistic response to 
different cost-effectiveness thresholds, we plotted the 
cost-effectiveness acceptability curve (CEAC). As the 
willingness to pay thresholds, we include US$1.675, 
which is Uruguay’s expenses in health per capita, 
the ICER lower and upper thresholds (2017 values, 
US$1747 and US$3685) from a nicotine replacement 
therapy+bupropion intervention,40 as well as the 
GDP per capita and half of this measure (US$19 250, 
current US$).41 42 We also calculate cost-effectiveness 
acceptability curves which compare the no programme 
alternative against the other four options.43 44

We applied a 3% discount rate to future costs and 
benefits3 45 and a 5% as a sensitivity analysis (the 
rounded annual inflation rate for Uruguay, for year 
2024). Two other one-way sensitivity analyses include 
changes in the prices of nicotine patches for Argen-
tinian values, to reflect regional costs and to assess 
the robustness of results to uncertainty around the 
assumption in policy alternative 5, we explored an 
alternative mortality risk reduction (10%), instead of 
the 14% originally used.8 9 46 The values of these sensi-
tivity analyses are found in the online supplemental 
appendix.

Tables  1 and 2 summarise the varied information 
sources used to define the variables and include, 
whenever possible, summary statistics (mean, 95% CIs 
or SD). A summary section of the model formulation 
can be found in the online supplemental appendix, 
as well as additional and more detailed information 
not found in tables 1 and 2 (see online supplemental 
Tables A2 to A5).

Patient and public involvement
Patients and the public were not involved in the design, 
conduction, reporting and dissemination plans of our 
research.
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RESULTS
The results in table 3 show that all interventions reduce 
the YLL compared with no intervention (accrued from the 
10 000 simulations). This means that by itself, any tobacco 
cessation intervention is policy relevant (meaning, 
better than doing nothing at all). When comparing to 
no programme, and as expected, the greatest reduc-
tion is observed with the cytisine intervention including 
adjusted mortality (5 vs 1), achieving a 14.6% reduction 
in total YLL and 7.74 years per capita. This effect is more 
pronounced among women, with a 21.4% decrease in 
YLL versus 6.2% among men. Accrued YLL values used 
for these calculations, and for the cohort of 10 000 simu-
lated individuals, can be found in online supplemental 
Appendix Table A1.

For policy purposes, the relevant comparison is the 
current NRF TTP (the institutionally relevant baseline). 
When comparing this future intervention to the current 
NRF TTP (5 vs 2 and 4 vs 2), the reduction in YLL when 
using cytisine (with and without mortality adjustment) is 
4.0%, with improvements both in men (−4.8%, −2.6%) 
and in women (−3.2%, −5.1%). Because the current TTP 
already captures a substantial share of achievable health 
gains, incremental improvements relative to this baseline 
are necessarily smaller than in a situation with no policy 

at all. This does not indicate limited effectiveness of these 
programme but rather reflects the maturity of Uruguay’s 
tobacco control policies. This means that on the total, we 
see less YLLs.

The significant gender difference in effectiveness 
suggests women benefit more from smoking cessation 
interventions. In absolute terms, women also gain in total 
more life years per capita in most scenarios. This disparity 
by gender could stem from women’s higher treatment 
adherence,47 greater healthcare engagement and lower 
cigarette consumption—averaging 10.6/day versus men’s 
12.9 in a 30-day period21—which may facilitate quitting.48 
Women also show greater readiness to quit, often tied to 
reproductive life stages,49 and respond better to psycho-
logical and motivational interventions, key components 
of the TTP.50 These factors help explain why smoking 
cessation programmes could have a stronger impact on 
female YLL.

Table 4 shows the ICER results in US$ per YLL (US$ 
per YLL) from the bootstrapping exercise (1000 replica-
tions) based on the 10 000 created simulations for each 
policy alternative. We examine the ICERs from the two 
perspectives, health (only the cost of treating smoking-
related diseases is considered) and societal (adds produc-
tivity loss costs).

Table 3  Average years of life lost (accrued over 10 000 individual simulations)

Male Female Total

Average 
change in 
YLL, %

Difference 
in per capita 
YLL

Average 
change in 
YLL, %

Difference 
in per capita 
YLL

Average 
change in 
YLL, %

Difference 
in per capita 
YLL

Comparing with no intervention (alternative 1)

Current NRF TTP vs no intervention*
(2 vs 1)

−1.4 −0.34 −12.0 −3.50 −7.2 −3.84

Current NRF TTP+patches vs no 
intervention*
(3 vs 1)

−1.4 −0.34 −12.0 −3.50 −7.2 −3.84

Cytisine no mortality adjustment vs no 
intervention
(4 vs 1)

−4.0 −0.96 −16.5 −4.82 −10.9 −5.78

Cytisine with mortality adjustment vs no 
intervention
(5 vs 1)

−6.2 −1.48 −21.4 −6.26 −14.6 −7.74

Comparing with NRF TTP (alternative 2)

Current NRF TTP+patches vs current NRF 
TTP
(3 vs 2)

0.0 0.00 0.0 0.00 0.0 0.00

Cytisine no mortality adjustment vs current 
NRF TTP
(4 vs 2)

−2.6 −0.62 −5.1 −1.32 −3.9 −1.94

Cytisine with mortality adjustment vs current 
NRF TTP
(5 vs 2)

−4.8 −1.14 −3.2 −0.76 −4.0 −1.90

*The YLL for alternatives 2 and 3 are the same, as they use identical transition probabilities, differing only in programme costs.
NRF, National Resources Fund; TPP, Tobacco Treatment Programme; YLL, years of life lost.
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We first compare the interventions against no interven-
tion. We find that all four alternative interventions are 
cost-effective from both health and societal perspectives. 
That is, for Uruguay, tobacco cessation programmes are 
cost-effective regardless of the type of programme evalu-
ated. From a health perspective, the most cost-effective 
intervention compared with no intervention is cytisine 
with adjusted mortality (5 vs 1), with an average ICER of 
US$3391 per YLL (3085.9 to 3728.8), followed by cytisine 
without adjusted mortality (4 vs 1). Compared with the 
international literature, these values are consistent with 
studies in other countries.8 51 We find similar results in 
the ICERs from a societal perspective: for example, the 
cytisine programme (4 vs 1) has ICER of US$4819.4 per 
YLL (4373.2 to 5303.2).

In all cases, cost-effectiveness is higher in women than 
in men, reflecting the greater impact on YLL reduc-
tion and the lower investment required just from incor-
porating a tobacco cessation programme into tobacco 
reduction policies. Compared with no intervention, from 
a health perspective, the current NRF TTP (2 vs 1) averts 
US$1336 per YLL (1114.5 to 1557.9) for men, while 
for women this is almost US$10 000 per YLL (8076.5 to 
12 545.7), a large difference in cost-effectiveness. Similar 
results are shown comparing to the expanded NRF TTP, 
which includes nicotine patches (3 vs 1). From a societal 
perspective, mortality-adjusted cytisine remains the most 
cost-effective intervention relative to no intervention 
(5 vs 1), at US$1629 per YLL in men and US$6016 per 
YLL in women. Across one-way scenario sensitivity anal-
yses (5% discount rate; alternative regional pricing for 
nicotine patches; and a more conservative 10% mortality 
reduction for cytisine), the main conclusions remain 
unchanged: cytisine remains cost-effective (and in some 
subgroup comparisons cost-saving), whereas the incre-
mental value of adding patches is highly sensitive to their 
unit price and can yield inflated ICERs when incremental 
YLL gains are close to zero. Detailed results are reported 
in online supplemental Appendix Tables A6–A8.

In all comparisons, cost-effectiveness from a societal 
perspective is considerably higher in women than men, 
suggesting that the benefits in YLL reduction from estab-
lishing a tobacco cessation programme are greater in 
women. When comparing the current NRF TTP versus no 
intervention (2 vs 1), the cost per YLL avoided is US$1475 
per YLL (1243.4 to 1717.2) in men and only US$10 960 
per YLL (8883.6 to 13 713.5) in women, reinforcing the 
pattern of greater cost-effectiveness for women.

As our relevant question is how to extend and improve 
existing cessation policies, our results are also interpreted 
relative to the current NRF TTP. Compared with the 
current NRF TTP, both alternatives are cost-effective on 
the total, with, for example, cytisine (4 vs 2), yielding an 
ICER of US$3278 per YLL (2505 to 4051.1) from a health 
perspective and an ICER of US$3644.4 per YLL (2789.2 
to 4499.6) from a societal perspective.

However, when incremental health gains are evaluated 
relative to an already effective programme, such as the 

current NRF TTP, ICERs may become unstable or diffi-
cult to interpret, particularly in subgroup analyses, such as 
gender (in our case52 53). In such cases, results are better 
interpreted using incremental costs and effects, cost-
effectiveness acceptability curves rather than point ICER 
estimates may provide more transparent and decision-
relevant evidence for policymakers.54 55

As an example, using the health perspective, in the case 
of men, the cytisine versus current NRF TTP comparison 
yields cost savings on the average (average Δcost=–165 887 
(−178 570.4 to −153 203.9)), and reduces YLL (average 
Δeffectiveness is −7.03 (−7.46 to −6.60)), being dominant 
in both effectiveness and cost savings (ICER from 1000 
bootstrapped replications is US$1038 per YLL (930.3 to 
1146.5)). However, for women, we find a different story, 
where we see inflated ICERs. We find that on average, the 
Δeffectiveness for women, health perspective is less than 
1 (0.13 (−0.39 to 0.64)), making the ICER explode. Thus, 
it is dominant in savings, with an average Δcost=–36 961.5 
(−2 975 321 to 2 901 398), but not in effectiveness, with 
incremental effects on effectiveness being statistically 
indistinguishable from zero (p=0.627 for test of Δeffec-
tiveness=0). A similar conclusion can be discussed in the 
case of the societal perspective.

In addition, table  5 reports the present value of per 
capita costs. The costs of no intervention are shown to be 
high from both perspectives, health and societal. Cytisine 
is the least costly alternative from both perspectives 
(health and societal), reflecting the positive impact on 
smoking cessation and the labour market of this tobacco 
cessation programme alternative.

Lastly, comparing the CEAC across the different 
scenarios, all of the alternative scenarios (2–5) across both 
health and society perspectives are 100% cost-effective 
using the traditional GDP per capita and 0.5×GDP per 
capita thresholds (figures 2 and 3).

DISCUSSION
From a policy perspective, our results suggest that incor-
porating cytisine (the medication prioritised by the NRF) 
into the national formulary and integrating it into the 
current TTP could generate health gains while reducing 
long-term costs. Beyond medication choice, these find-
ings reinforce the value of structured follow-up and 
behavioural counselling, both central components of the 
TTP. Strengthening referral pathways from primary care 
to cessation services, reducing administrative barriers and 
promoting proactive outreach (with particular focus on 
women) would further increase programme effective-
ness. Although not included in our study due to policy 
objectives of the NRF, the inclusion of varenicline, which 
has also robust evidence of its efficacy for tobacco cessa-
tion, could also bring high benefits, as it has the strongest 
and most consistent rates of long-term tobacco cessation 
among pharmacological treatments.

The analysis also shows substantial heterogeneity by 
sex: women benefit more from cessation in terms of YLL 
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averted and generate lower costs per YLL saved. This 
highlights an opportunity to design targeted communica-
tion and outreach strategies, especially considering that 
smoking prevalence in Uruguay has declined more slowly 
among women. Prioritising women in cessation outreach 
could improve both efficiency and equity.

In addition, the decision to use YLLs, which captures 
averted mortality, instead of QALYs or healthy life years 
(HLYs), which captures averted morbidity, was based on 
the availability and robustness of local data for tobacco-
attributable mortality, and to align this study with previous 
burden-of-disease exercises used in Uruguay to inform 
policy. We nevertheless acknowledge that this measure 
underestimates total benefits by not capturing avoided 
morbidity, as the burden of tobacco morbidity is immense 
and translates directly into economic savings which are 
not measured directly by YLLs. Using QALYs or HLYs 
would increase the effectiveness results even further, espe-
cially in the case of cytisine (alternatives 4 and 5). Thus, 
this study’s reliance on YLL, while policy-aligned, means 
that the true overall return on investment of tobacco 
control policies is conservatively estimated. There is also 
the need for future data collection efforts in Uruguay to 
specifically capture health utility and disability weights 
necessary to calculate the morbidity component.

ICERs become unstable in sex-stratified compari-
sons where incremental health effects are close to zero, 

particularly when comparing cytisine with the current 
cessation programme among women. In such cases, large 
or inflated ICER values reflect mathematical properties of 
the ratio rather than unfavourable outcomes, as seen by 
the other group of measures included in this study (such 
as CEACs, costs and accrued YLLs), and interpretation 
should rely primarily on incremental costs, incremental 
effects and probabilistic analyses.

In terms of risk stratification within the model, would 
this type of analysis require introducing additional health 
states or time since quit–specific transition probabili-
ties, for which consistent local data are not available. 
Applying values from external cohorts would necessitate 
strong assumptions regarding their transferability to the 
Uruguayan context and to a treatment-seeking popula-
tion. The effect of not using this approach is to underesti-
mate the long-term health gains associated with sustained 
abstinence. Consequently, our effectiveness and cost-
effectiveness estimates—particularly for more effective 
interventions such as cytisine—should be interpreted as 
conservative.

Lastly, the available data does not allow us to construct 
reliable sampling weights that would adequately trans-
form the current, treatment-seeking NRF TTP cohort 
into a population representative sample, which hinders 
external validity and does not allow us a weighted-
sample sensitivity analysis. Given that treatment-seeking 

Table 5  Average present value of costs (per capita) by alternative and perspective, in US$

Male Female Average

Health perspective

 � No intervention 12 885.5
(22 856.0)

32 122.1
(107 269.4)

23 663.8
(82 253.0)

 � Current NRF TTP 7416.5
(14 727.0)

6259.7
(20 234.2)

6768.3
(18 029.5)

 � Current NRF TTP+patches 7554.3
(14 775.7)

6570.8
(20 345.6)

7003.2
(18 114.6)

 � Cytisine no mortality adjustment 1883.6
(4344.7)

1250.0
(739.0)

1528.6
(2950.3)

 � Cytisine with mortality adjustment 1980.2
(4705.6)

1254.0
(743.7)

1573.3
(3189.8)

Societal perspective

 � No intervention 14 139.5
(24 392.7)

35 157.0
(11 1490.1)

25 915.6
(85 641.3)

 � Current NRF TTP 8108.5
(15 681.8)

6799.1
(21 194.8)

7374.8
(18 979.4)

 � Current NRF TTP+patches 8246.4
(15 734.6)

7170.1
(21 310.5)

7609.7
(19 068.2)

 � Cytisine no mortality adjustment 1930.1
(4550.7)

1250.8
(743.9)

1549.5
(3086.8)

 � Cytisine with mortality adjustment 2033.8
(4930.7)

1254.8
(748.6)

1597.3
(3339.5)

SD in parentheses. Average PV calculations come from 10 000 simulations at 3% annual interest. Values exchanged from UYU to US$ at a 
rate of US$1 to UYU 28.65.
NRF, National Resources Fund; PV, Present Value; TTP, Tobacco Treatment Programme; UYU, Uruguayan Pesos.
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individuals tend to have higher dependence and comor-
bidity profiles, our analysis is likely to yield conservative 
estimates of effectiveness relative to the general smoking 
population.

Although these limitations imply that our results should 
be interpreted with caution, the direction of the potential 
biases suggests that the benefits of the interventions—
particularly cytisine—may be underestimated. Therefore, 
our conclusions are conservative and robust for use in 
policy design.

Compared with existing studies, a key strength of this 
analysis is the use of real-world transition probabilities 
from a national cessation programme operating within 
a mature tobacco control environment, rather than 
relying solely on international or trial-based parame-
ters. Unlike most economic evaluations—which are 
conducted in settings where taxation and regulatory poli-
cies are still evolving—this study assesses cessation strate-
gies where the marginal returns to regulation are largely 
exhausted, increasing the policy relevance of cessation 
support. In addition, few studies jointly compare multiple 

pharmacological options, including cytisine, from both 
healthcare and societal perspectives using YLL as the 
main outcome. However, relative to other models, our 
analysis is limited by the use of a treatment-seeking cohort 
that is not representative of all people who smoke, poten-
tially affecting external validity and by the assumption of 
constant post-cessation risk over time, which likely leads to 
conservative estimates of long-term benefits. As in much 
of the literature, uncertainty increases when incremental 
effects are small relative to an already effective baseline 
programme.

Financing cytisine would be a fiscally responsible 
decision. Because the health system already absorbs 
the costs of treating diseases caused by tobacco use—
including cancer, COPD and ischaemic heart disease—
public funding of effective cessation shifts spending 
from high-cost treatment of preventable illness toward 
prevention. In economic terms, the comparison is no 
longer between ‘spending or not spending’, but between 
spending earlier to prevent disease or spending later to 
treat it.

Figure 2  Cost-effectiveness acceptability curve—health perspective.
The CEAC shows the probability that the different alternatives for tobacco cessation programmes are cost-effective 
(from a health perspective) compared with no intervention, using a range of values for the maximum acceptable ceiling 
ratio (λ). Thresholds from left to right in thousand US$: 1.7=country expenses in health per capita, 1.8=lower threshold in 
2017 values from,40 3.9=upper threshold in 2017 values from,40 9.6=0.5×GDP per capita, 2017 (World Bank), 19.2=1×GDP 
per capita, 2017 (World Bank). Horizontal dotted lines represent 50% and 95% probabilities. No image enhancement was 
performed in each subfigure. Four figures were put together based on the CEAC results for each scenario comparison. 
CEAC, cost-effectiveness acceptability curve; NRF, National Resources Fund; TTP, Tobacco Treatment Programme.
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Although not included in our study due to the policy 
objectives of the NRF, the inclusion of varenicline, 
supported by robust evidence of long-term effectiveness, 
could also generate substantial health gains. In addi-
tion, population-level interventions such as quitlines 
and mobile-based cessation programmes (mCessation) 
have consistently shown high cost-effectiveness due to 
their low implementation costs and wide reach. These 
strategies may be particularly valuable complements in 
settings like Uruguay, where tobacco control policies are 
already highly developed and marginal gains from regu-
lation alone are limited. While these interventions were 
not explicitly modelled here due to the lack of clearly 
assigned costs within the Uruguayan health system, their 
integration alongside pharmacological and counselling-
based approaches represents a promising avenue for 
future policy and research.

Uruguay has already implemented the full MPOWER 
package, leaving limited room for additional reductions 
in smoking through taxation or regulation alone. As 
countries reach this stage, the marginal impact of new 

control policies diminishes, and the return to invest-
ment in cessation rises. In this environment, expanding 
access to evidence-based cessation support becomes 
the logical institutional next step for both research and 
policymaking.

CONCLUSION
This study evaluated the cost-effectiveness of Uruguay’s 
TTP and alternative pharmacological strategies using 
real-world cessation outcomes and a Markov model 
informed by observed transition probabilities. All cessa-
tion interventions analysed were cost-effective compared 
with no intervention. Cytisine emerged as the alternative 
that achieves the greatest reduction in YLLs and, impor-
tantly, becomes cost-saving under both the healthcare 
and societal perspectives. These findings hold particular 
relevance in a context where the health system bears the 
long-term cost of treating tobacco-attributable diseases.

In summary, expanding cessation support would accel-
erate declines in smoking prevalence, generate gains in 

Figure 3  Cost-effectiveness acceptability curve—societal perspective.
The CEAC shows the probability that the different alternatives for tobacco cessation programmes are cost-effective 
(from a society perspective) compared with no intervention, using a range of values for the maximum acceptable ceiling 
ratio (λ). Thresholds from left to right in thousand US$: 1.7=country expenses in health per capita, 1.8=lower threshold 
in 2017 values from Song et al40, 3.9=upper threshold in 2017 values from,40 9.6=0.5×GDP per capita, 2017 (World Bank), 
19.2=1×GDP per capita, 2017 (World Bank). Horizontal dotted lines represent 50% and 95% probabilities. No image 
enhancement was performed in each subfigure. Four figures were put together based on the CEAC results for each 
scenario comparison. CEAC, cost-effectiveness acceptability curve; NRF, National Resources Fund; TTP, Tobacco 
Treatment Programme.
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life expectancy and reduce future healthcare expenditure. 
Uruguay’s longstanding leadership in tobacco control 
provides a strong foundation for advancing toward this 
next phase: moving from regulation to sustained, large-
scale cessation.
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