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Abstract
Background  Lung cancer (LC) is among the most common neoplasms, mostly caused by smoking. This study, 
carried out within the ACAB project, aims to provide local, updated and systematic estimates of years lived with 
disability (YLD) from LC due to smoking in the Tuscany region, Italy.

Methods  We estimated YLD for the year 2022 for the whole region and at subregional level by local health unit 
(LHU) using data from the Tuscany Cancer Registry and local surveys. YLD were calculated by applying the severity-
specific LC prevalence, estimated with an incidence-based disease model, to the corresponding disability weight. The 
burden from smoking was computed by: modelling the prevalence of smokers with a Bayesian Dirichlet-Multinomial 
regression model; estimating the distribution of smokers by pack-years simulating individual smoking histories; 
collecting relative risks from the literature.

Results  In 2022 in Tuscany, LC caused 7.79 (95% uncertainty interval [UI] = 2.26, 17.27) and 25.50 (95% UI = 7.30, 52.68) 
YLDs per 100,000 females and males, respectively, with slight variations by LHU, and 53% and 66% of the YLDs were 
caused by smoking.

Conclusion  The updated estimates of the burden of LC attributable to smoking for the Tuscany region as a whole 
and for each LHU provide indications to inform strategic prevention plans and set public health priorities. The impact 
of smoking on YLDs from LC is not negligible and heterogeneous by LHU, thus requiring local interventions.
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Background
In Italy in 2023, lung cancer (LC) was the second most 
common neoplasm in terms of incidence in men and 
the third in women, with 30,000 and 14,000 estimated 
new cases, respectively, causing, in 2022, 23,600 and 
12,100 deaths [1]. Focusing on Tuscany, according to 
data from the Cancer Registry of Tuscany Region, each 
year between 2008 and 2010 in the provinces of Florence 
and Prato (population ≈ 1.2 million) about 1,830 and 760 
new cases of LC were diagnosed respectively in men and 
women [2].

In addition to the number of new cases, the burden 
of disease due to LC can be quantified in terms of years 
of ill health or Years Lived with Disability (YLD). Such 
measure, together with the number of years of life lost 
(YLL) due to premature death and their sum, i.e., disabil-
ity adjusted life years (DALYs), are quantities increasingly 
used in public health planning to compare the relative 
importance of different causes of premature deaths and 
disability within a given population, to set priorities of 
intervention, and to compare premature mortality and 
disability between populations and sub-populations [3].

The Global Burden of Diseases, Injuries, and Risk Fac-
tors Study (GBD) systematically and comprehensively 
quantifies health loss from hundreds of diseases, inju-
ries, and risk factors across countries, time, age, and sex 
[4]. After gathering health data from a large number of 
sources, such as hospitals, governments, surveys, cancer 
registries and other databases around the world, data is 
standardized and modelled through sophisticated tools 
to generate estimates.

The number of YLDs from LC estimated for 2019 in 
Italy was 6,880 (95% uncertainty interval [UI] = 4,659, 
9,760) in males and 3,189 (UI = 2,151, 4,419) in females 
and, respectively, 74.2% (UI = 71.8%, 76.6%) and 59.3% 
(UI = 56.2%,62.6%) of them were due to smoking [5].

Strategies to reduce LC burden should focus on pre-
vention activities aimed at reducing exposure to modi-
fiable risk factors based on accurate estimates of their 
impact. To circumvent the tobacco epidemic, in 2003 the 
World Health Organization (WHO) Framework Conven-
tion on Tobacco Control (FCTC) was adopted to imple-
ment effective policies to reduce tobacco consumption 
[6] and, in order to help in the country-level implemen-
tation of these policies, the WHO introduced in 2008 
the MPOWER package which consists of a set of six key 
and most effective strategies to reduce the tobacco epi-
demic [7]. Nevertheless, the impact and burden of LC 
attributed to smoking on global healthcare systems is 
likely to persist for decades. In 2013, the WHO set the 
target of a 30% smoking prevalence reduction by 2025 
in all 178 countries that signed the FCTC. Italy ratified 
the WHO FCTC in 2008, and since then implemented 
many recommended tobacco control policies [8] that 

have contributed to the reduction in smoking preva-
lence in Italy from 29.8% in 2008 to 24.5% in 2023, and 
in Tuscany from 30.0% in 2008 to 22.5% in 2023 (https://
www.epicentro.iss.it/passi/dati/fumo). However, further 
tax increases, well designed anti-tobacco mass media 
campaigns, promoting smoking cessation through the 
empowerment of the national quitline and the develop-
ment of web-based quitting interventions have not yet 
been implemented in Italy. Moreover, from the 2020 
COVID-19 pandemic, many smoking cessation ser-
vices (SCSs) implemented in Italy since 2000 to support 
smokers willing to quit, have been closed because many 
SCS health workers were moved to carry out COVID-19 
related tasks and other SCS health workers retired with-
out being replaced. In fact, SCSs in 2008 were 362 in the 
whole of Italy and 36 in the Tuscany Region, whereas in 
2023, these numbers were reduced almost by half to 197 
and 20, respectively (https://smettodifumare.iss.it/it/cen-
tri-antifumo/) [9].

In order to define targeted and effective strategies to 
further reduce smoking exposure and tobacco-related 
health inequalities, local updated estimates are par-
ticularly important. In our knowledge, there are no esti-
mates at the local/regional level for Italy on the burden 
of disease due to smoking, and there are no studies that 
directly use cancer registry data for the estimation of 
YLD and its attribution to smoking in Italy. Some in-
depth analyses were made using GBD data for Italy [10] 
and, recently, Italian cancer cases attributable to smoking 
were estimated using data from some Italian cancer reg-
istries [11].

Methods
The aim of this study is to estimate the burden of LC and 
its attribution to smoking in terms of YLDs for the Tus-
cany region and at the sub-regional level in 2022 using 
local and updated data and taking into account all the 
possible sources of uncertainty. This analysis was carried 
out within the “Attributable CAncer Burden in Tuscany: 
smoking, environmental and occupational risk factors 
and evaluation of prevention strategies” (ACAB) study 
funded by the Tuscany Region.

Estimation of YLD
The sex, area and age-specific YLD is given by the sum 
over cancer phases (s) of the products of the person-time 
spent in each severity-specific cancer phase (PYs) and the 
corresponding disability weight (Ws):

	 Y LD =
∑

s
PY s · Ws

We considered the following cancer phases: diagno-
sis and primary therapy; controlled phase; metastasis; 

https://www.epicentro.iss.it/passi/dati/fumo
https://www.epicentro.iss.it/passi/dati/fumo
https://smettodifumare.iss.it/it/centri-antifumo/
https://smettodifumare.iss.it/it/centri-antifumo/
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terminal phase. We considered surviving cases as those 
who survived for over 10 years after diagnosis and for 
them we assumed only the first two phases.

We derived the disability weights for the cancer phases 
from the GBD Study [12] (see S1 in Supplementary mate-
rial). We used an incidence-based disease model (IBDM) 
which allows for estimation of the total person-months 
spent in the different cancer phases [12]. On the basis 
of LC incidence and survival (or 10 years for surviving 
cases), we assumed a duration for each phase. In accor-
dance with the literature, we assumed the duration of 1 
month for the terminal phase [12]. We used the duration 
of diagnosis and primary therapy estimated respectively 
from the UK 2001–2002 “General Practice Research 
Database” and the UK “National Survey of NHS Patients: 
Cancer” by adding two months in order to include the 
duration of treatment [12, 13]. We used the duration of 
the metastatic phase estimated in the Surveillance, Epi-
demiology and End Results (SEER) program, considering 
patients diagnosed between 2000 and 2017 [14]. Finally, 
we estimated the duration of the controlled phase as the 
remainder of total survival (or the remainder of 10 years 
for surviving cases).

We used sex, age, time and province-specific data on 
LC incidence and survival from the Tuscany Cancer Reg-
istry (ages ≥ 15, years 2004–2016 for Florence and Prato, 
2013–2016 for the other eight Tuscan provinces -Arezzo, 
Grosseto, Livorno, Lucca, Massa-Carrara, Pisa, Pistoia 
and Siena) followed up to 2022. By implementing differ-
ent strategies based on an incidence and a survival esti-
mation procedure, we were able to estimate YLDs for 
all Tuscan provinces for each year in 2013–2022 (see S2 
in Supplementary Materials). Finally, we obtained YLDs 
by local health unit (LHU) by reproportioning the prov-
ince-specific YLD according to the population size when 
needed. This was done in order to align YLD results with 
the smoking ones that are estimated by LHUs, which are 
geographical areas smaller that the provinces and for 
which cancer data were not available.

Estimation of the burden attributable to smoking
We estimated YLDs from LC attributable to smoking 
using the Comparative Risk Assessment approach, which 
estimates the contribution of a risk factor to a disease as 
a proportion of the whole burden by means of the popu-
lation attributable fraction (PAF), which represents the 
proportion of the disease that would be reduced if expo-
sure to the risk factor was reduced to an ideal scenario 
[15, 16]. The burden of disease attributable to the risk 
factor is computed by multiplying the PAF by the burden 
estimated in terms of YLD.

The sex, age and LHU-specific PAF for smoking in 
a given year, assuming the ideal scenario of complete 
absence of exposure, is based on the following equation:

	

PAF =

P (n) + P (c)
∫

xP (x) RR (x) dx + P (f )
∫

yP (y) RR (y) dy − 1

P (n) + P (c)
∫

xP (x) RR (x) dx + P (f )
∫

yP (y) RR (y) dy

where P(n), P(c), and P(f ) are respectively the prevalence 
of never, current and former smokers in the given year, 
P(x) and P(y) are the prevalence distributions respec-
tively by pack-years among current smokers and by years 
since quitting among former smokers in the given year, 
and RR(x) and RR(y) are the corresponding relative risks. 
We selected dose-response risk curves RR(x) and RR(y) 
from the literature by applying a transformation for RR(y) 
(see S3 in Supplementary Material) [17]. In the PAF esti-
mation, by taking into account pack-years in current 
smokers, which is a cumulative measure of exposure, and 
time since quitting in former smokers, we are able to con-
sider the time period between smoking exposure and LC 
occurrence.

We obtained a sample from the posterior distribu-
tion of the sex, age, year and LHU-specific prevalence of 
current, former and never smokers by implementing a 
Bayesian Dirichlet-Multinomial regression model to data 
from the surveillance systems carried out on people aged 
≥ 15 years by the Italian National Institute of Health since 
2008 “Progress by local health units towards a healthier 
Italy” (PASSI) and “PASSI d’Argento” [18, 19] (see S4 in 
Supplementary material).

We generated age and sex-specific distributions of 
current smokers by pack-years for the whole Tuscany 
region through a model that simulates individual smok-
ing histories grounding on GBD methodology [20]. 
The model is based on the distribution of age of smok-
ing initiation from the National Institute of Statistics 
(ISTAT) “Health conditions and use of health services” 
(1994,1999,2004,2013) multipurpose survey (https://
www.istat.it/it/archivio/5471) and on the amount 
smoked estimated from the ISTAT “Aspects of daily life” 
(1993–2019) multipurpose survey (https://www.istat.
it/en/archivio/186845) adjusted for data on annual total 
sales (see S5 in Supplementary Material).

We estimated age and sex-specific distributions of for-
mer smokers by time since quitting for the whole Tus-
cany region from the ISTAT “Health conditions and use 
of health services” (1994,1999,2004,2013) surveys (not 
reported).

Finally, we computed the PAF by applying the for-
mula and estimated the number of YLDs from LC due to 
smoking for each sex and LHU, by applying the sex and 
age-specific PAF to the corresponding YLD for each LHU 
and summing over ages.

We present results as rough counts and age-standard-
ized rates per 100,000 with the European 2013 popula-
tion as standard.

https://www.istat.it/it/archivio/5471
https://www.istat.it/it/archivio/5471
https://www.istat.it/en/archivio/186845
https://www.istat.it/en/archivio/186845
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Uncertainty propagation
We sampled each uncertain quantity from an appropri-
ate distribution 1,000 times in a Monte Carlo framework. 
We then generated point estimates and 95% UIs by taking 
the mean and the 2.5 and 97.5 percentiles of the simu-
lated values. The distributions for uncertainty propaga-
tion in YLD and PAF estimation are reported in section 
S6 in Supplementary Material.

Ethical considerations
This study received ethics committee approval from 
Comitato Etico Regionale per la Sperimentazione Clinica 
della Regione Toscana and consent to participate was 
not necessary since only anonymized and pooled data 
were used. This study complies with the Guidelines for 
Accurate and Transparent Health Estimates Reporting 
(GATHER) and a completed GATHER checklist is pro-
vided in Supplementary material S7. All statistical anal-
yses were performed using R software version 4.2.2 (R 
Development Core Team, 2022). The R packages “splines”, 
“flexsurv” and “mixdist” were used to implement the 

models for cancer incidence and survival, and the to 
model probabilistic distributions in uncertainty propaga-
tion, respectively.

Results
YLD from lung cancer
We estimated that in Tuscany in 2022, LC accounted for 
194.4 (95% UI = 125.7, 314.2) and 541.4 (95% UI = 319.0, 
878.0) YLDs in females and males, respectively, with an 
age-standardized rate of 7.8 (95% UI = 2.3, 17.3) and 25.5 
(95% UI = 7.3, 52.7) per 100,000, respectively (Table  1, 
Supplementary Fig.  1). In both females and males, the 
number of YLDs increased by age reaching the maximum 
around 70–74 years of age and decreasing thereafter 
(Table 1).

Analyzing the spatial distribution of YLD rates, we 
observed slight variations with the highest rates esti-
mated in the Florence LHU (10.7, 95% UI = 1.9,26.4 per 
100,000 females and 29.8, 95% UI = 3.9,76.4 per 100,000 
males) and the lowest in the Arezzo LHU (5.7, 95% 

Table 1  Years lived with disability (YLDs) counts (N) and age-standardized rates per 100,000 in 2022 by Local Health Unit (LHU), age 
and sex. UI: uncertainty interval
LHU/Age N (95%UI) Rate per 100,000

(95% CI)
18–34 35–49 50–69 70–74 75+ all ages

Males
Arezzo 0.3 (0.0,1.5) 1.9 (0.5,4.4) 20.0 (9.1,36.5) 8.5 (2.7,19.5) 10.6 (5.7,19.3) 41.4 (22.7,69.5) 21.1 (6.1, 49.8)
Empoli 0.1 (0.0,0.2) 1.6 (0.7,3.4) 15.3 (7.8,30.9) 5.9 (1.2,15.0) 11.1 (3.4,23.4) 33.9 (17.7,67.1) 28.4 (5.2, 68.0)
Florence 0.5 (0.2,1.1) 6.1 (2.6,13.8) 58.4 (28.0,129.9) 24.5 (3.6,66.8) 48.8 (10.2,108.9) 138.2 (64.6,289.0) 29.8 (3.9, 76.4)
Grosseto 0.2 (0.0,1.2) 0.7 (0.1,2.0) 14.5 (6.5,28.2) 6.6 (2.2,16.1) 9.8 (4.9,18.6) 31.9 (17.4,55.5) 23.6 (7.0, 56.6)
Livorno 0.0 (0.0,0.2) 1.7 (0.4,3.9) 23.7 (11,44.2) 7.8 (2.5,19.0) 16.1 (8.4,29.7) 49.4 (27.6,85.1) 24.7 (7.4, 58.0)
Lucca 0.0 (0.0,0.0) 1.2 (0.4,2.8) 15.7 (7.1,29.6) 5.5 (1.8,12.5) 9.3 (4.9,17.4) 31.7 (17.4,53.4) 24.3 (7.1, 56.6)
Massa Carrara 0.4 (0.0,1.8) 1.8 (0.5,3.9) 12.0 (5.3,22.5) 4.3 (1.4,9.8) 9.1 (4.8,17.3) 27.5 (15.2,45.6) 23.8 (6.7, 58.0)
Pisa 0.0 (0.0,0.0) 1.6 (0.4,3.9) 24.7 (11.2,46.6) 7.3 (2.3,17.0) 14.5 (7.5,27.5) 48.2 (26.8,82.9) 22.8 (6.9, 52.6)
Prato 0.1 (0.1,0.3) 2.1 (0.9,4.7) 17.8 (8.5,39.9) 7.0 (1.0,19.2) 12.9 (2.6,28.9) 40.0 (19.3,84.2) 29.7 (3.9, 76.2)
Pistoia 0.0 (0.0,0.0) 2.3 (0.6,5.1) 22.0 (10.3,40.6) 6.6 (2.1,16.1) 12.8 (6.7,23.8) 43.7 (24.4,73.8) 26.0 (7.7, 60.7)
Siena 0.2 (0.0,1.2) 2.4 (0.7,5.1) 14.4 (6.4,28.1) 5.5 (1.7,13.3) 9.7 (5.2,17.7) 32.2 (17.9,55.8) 21.5 (6.0, 52.6)
Viareggio 0.0 (0.0,0.0) 0.8 (0.3,1.9) 12.0 (5.5,22.7) 3.9 (1.3,8.8) 6.6 (3.5,12.3) 23.3 (12.7,39.8) 24.3 (7.1, 56.6)
Tuscany 1.9 (0.6,4.5) 24.2 (10.4,44.1) 250.5 (131.4,444.8) 93.4 (27.1,195.4) 171.4 (82.6,310.1) 541.4 (319.0,878.0) 25.5 (7.3, 52.7)
Females
Arezzo 0.0 (0.0,0.1) 0.6 (0.1,1.4) 6.3 (2.9,12.7) 1.7 (0.6,4.0) 4.1 (2.4,7.1) 12.6 (7.7,19.3) 5.7 (1.7, 16.1)
Empoli 0.0 (0.0,0.1) 0.5 (0.3,1.2) 5.5 (2.9,11.6) 2.4 (0.5,5.7) 5.3 (1.9,11.1) 13.8 (7.9,26.6) 9.9 (2.0, 23.1)
Florence 0.1 (0.1,0.3) 2.2 (1.5,2.0) 22.9 (11.3,52.0) 10.5 (1.9,26.5) 25.1 (7.8,55.2) 60.9 (32.8,124.6) 10.7 (1.9, 26.4)
Grosseto 0.0 (0.0,0.0) 0.7 (0.1,1.8) 4.7 (2.1,9.2) 1.0 (0.4,2.7) 2.6 (1.5,4.6) 9.0 (5.5,14.5) 6.1 (1.6, 17.8)
Livorno 0.0 (0.0,0.0) 1.1 (0.2,2.5) 5.8 (2.7,12.1) 2.4 (0.9,6.2) 5.4 (3.2,9.2) 14.7 (9.2,23.1) 6.4 (1.9, 17.8)
Lucca 0.0 (0.0,0.0) 0.6 (0.1,1.5) 4.4 (2.1,8.8) 1.6 (0.6,4.1) 4.2 (2.5,7.4) 10.9 (6.7,16.8) 7.3 (2.4, 20.2)
Massa Carrara 0.0 (0.0,0.1) 0.4 (0.0,1.1) 3.5 (1.6,7.3) 1.2 (0.4,2.9) 2.6 (1.5,4.6) 7.7 (4.6,12.2) 5.7 (1.6, 16.5)
Pisa 0.1 (0.0,0.1) 0.4 (0.1,1.2) 7.3 (3.3,14.7) 2.2 (0.8,5.5) 4.9 (2.8,8.4) 14.9 (9.0,23.6) 6.1 (1.9, 17.1)
Prato 0.0 (0.0,0.1) 0.7 (0.3,1.6) 6.8 (3.4,15.3) 2.9 (0.5,7.4) 6.5 (2.1,14.2) 17.0 (9.2,34.7) 10.6 (1.9, 26.0)
Pistoia 0.0 (0.0,0.1) 0.7 (0.1,1.7) 6.0 (2.7,12.3) 1.8 (0.7,4.4) 5.0 (3.0,8.7) 13.5 (8.1,21.4) 6.9 (2.1, 19.1)
Siena 0.1 (0.0,0.2) 0.7 (0.1,2.0) 5.9 (2.7,11.9) 1.5 (0.5,3.6) 3.0 (1.7,5.3) 11.1 (6.7,17.8) 6.5 (1.9, 18.7)
Viareggio 0.0 (0.0,0.0) 0.4 (0.1,1.1) 3.5 (1.6,7.0) 1.2 (0.5,3.1) 3.3 (1.9,5.8) 8.4 (5.2,13.0) 7.3 (2.4, 20.2)
Tuscany 0.4 (0.1,0.8) 9.0 (3.4,17.3) 82.7 (44.4,141.1) 30.3 (9.0,62.5) 72.0 (35.7,128.4) 194.4 (125.7,314.2) 7.8 (2.3, 17.3)
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UI = 1.7, 16.1 per 100,000 females and 21.1, 95% UI = 6.1, 
49.8 per 100,000 males) (Table 1).

Smoking prevalence and PAF
By visual inspection of traceplots, we checked that the 
results of the Bayesian prevalence model produced sta-
tionary Markov chains and all chains reached the equilib-
rium distribution.

In 2022, 17.1% (95% UI = 1.11%, 20.1%) of females and 
19.5% (95% UI = 16.2%, 23.7%) of males were current 
smokers in Tuscany, with a higher prevalence in middle-
aged females (24.3%, 95% UI = 18.1%, 30.6%, in age class 
35–49) and in young males (28.6%, 95% UI = 21.2%, 35.2%, 
in age class 18–34). Former smokers were 16.9% (95% 
UI = 13.7%,19.8%) in females and 29.9% (95% UI = 24.7%, 
33.3%) in males, with a higher proportion in women aged 
70–74 years (26.3%, 95% UI = 22.4%, 30.3%) and men over 
75 years (40.3%, 95% UI = 33.9%, 47.6%) (Supplementary 
Fig. 2).

Analyzing the spatial distribution, slight variations 
were estimated, with the highest prevalence of current 
smokers in both females and males in the LHU of Siena 
(19.4%, 95% UI = 15.1%, 23.5% in females; 23.7%, 95% 

UI = 19.9%, 27.2% in males). Among females, the highest 
prevalence of former smokers was registered in the LHU 
of Florence (20.2%, 95% UI = 15.9%, 24.7%), whereas in 
males in Lucca LHU (34.2%, 95% UI = 30.6%, 37.2%) (Sup-
plementary Figs. 3, 4).

Table  2 reports the PAF estimated for females and 
males for 2022 by age and LHU: in females, the PAF in the 
whole Tuscany region showed values ranging from 41.3% 
(95% UI = 40.6%,42.0%) to 60.8% (95% UI = 60.5%,61.2%) 
in persons aged respectively over 75 years and 50–69 
years. On the contrary, in males, the lowest fraction 
(40.2%, 95%UI = 39.3%,41.2%) was estimated in young 
men, whereas the highest (69.7%, 95%UI = 69.0%,70.3%) 
was in those aged 70–74 years (Table 2).

We estimated that in Tuscany in 2022, smoking 
caused 102.5 (95% UI = 66.1,168.1) and 358.73 (95% 
UI = 211.9,579.3) YLDs in females and males, respectively, 
with an age-standardized rate of 4.2 (95% UI = 2.7,7.0) 
and 16.9 (95% UI = 10.0,27.5) per 100,000. Slight varia-
tions by LHU were estimated (Fig.  1) with higher YLD 
rates in the LHU of Florence for both females and males 
(8.8, 95% UI = 4.3,18.0, and 23.5, 95% UI = 10.8,49.4 per 

Table 2  Smoking population attributable fraction (PAF) in 2022 by Local Health Unit (LHU), age class and sex. UI: uncertainty interval
LHU/Age PAF (95%UI)

18–34 35–49 50–69 70–74 75+ All ages
Males
Arezzo 36.1 (35.0,37.1) 67.9 (67.6,68.2) 66.7 (66.4,67.0) 81.6 (81.3,81.9) 73.3 (72.9,73.7) 65.1 (64.9,65.4)
Empoli 33.4 (32.1,34.6) 67.5 (67.1,67.8) 68.1 (67.8,68.4) 77.4 (77.0,77.9) 63.5 (62.9,64.1) 62.0 (61.7,62.3)
Florence 53.7 (53.2,54.2) 68.5 (68.2,68.7) 71.9 (71.7,72.1) 73.1 (72.8,73.5) 63.1 (62.7,63.5) 66.1 (65.9,66.2)
Grosseto 42.3 (41.0,43.5) 61.4 (60.9,61.9) 64.0 (63.6,64.3) 82.3 (81.9,82.7) 72.5 (72.1,73.0) 64.5 (64.2,64.8)
Livorno 18.0 (16.9,19.2) 66.7 (66.4,67.0) 67.3 (67.0,67.6) 86.6 (86.3,86.8) 69.1 (68.7,69.5) 61.5 (61.3,61.8)
Lucca 30.5 (29.1,31.8) 64.1 (63.7,64.5) 69.5 (69.2,69.8) 78.2 (77.8,78.6) 76.2 (75.8,76.6) 63.7 (63.4,64.0)
Massa Carrara 24.9 (23.4,26.5) 65.4 (65.0,65.9) 67.7 (67.3,68.0) 74.3 (73.6,75.0) 69.9 (69.3,70.6) 60.5 (60.1,60.8)
Pisa 47.5 (46.7,48.4) 68.1 (67.7,68.3) 68.5 (68.2,68.8) 73.0 (72.5,73.5) 81.8 (81.5,82.1) 67.8 (67.5,68.0)
Prato 48.0 (47.0,48.9) 67.9 (67.6,68.2) 71.2 (70.9,71.5) 76.8 (76.1,77.5) 54.9 (54.4,55.5) 63.7 (63.5,64.0)
Pistoia 31.8 (30.6,32.9) 64.3 (63.9,64.7) 71.9 (71.6,72.1) 70.4 (69.6,71.1) 63.5 (62.7,64.2) 60.4 (60.0,60.7)
Siena 31.1 (29.9,32.3) 66.0 (65.7,66.4) 68.8 (68.5,69.2) 72.9 (72.2,73.5) 70.8 (70.3,71.4) 61.9 (61.6,62.3)
Viareggio 24.6 (23.0,26.3) 60.5 (60.0,61.1) 68.5 (68.1,68.9) 83.5 (83.0,83.9) 82.9 (82.5,83.3) 64.0 (63.6,64.4)
Tuscany 40.2 (39.3,41.2) 67.3 (67.0,67.6) 68.1 (67.8,68.4) 69.7 (69.0,70.3) 61.8 (61.2,62.5) 61.4 (61.2,61.7)
Females
Arezzo 50.0 (49.2,50.9) 61.0 (60.5,61.4) 59.4 (59.0,59.7) 63.3 (62.0.6,64) 48.4 (47.8,49.0) 56.4 (56.1,56.7)
Empoli 44.1 (42.9,45.2) 54.2 (53.6,54.8) 48.9 (48.4,49.5) 65.9 (65.2,66.5) 61.4 (60.8,61.9) 54.9 (54.6,55.2)
Florence 49.9 (49.4,50.5) 63.1 (62.8,63.4) 62.3 (62.0,62.5) 63.8 (63.4,64.2) 57.5 (57.1,57.8) 59.3 (59.1,59.5)
Grosseto 56.2 (55.3,57.1) 54.9 (54.2,55.4) 63.2 (62.8,63.6) 47.0 (45.6,48.4) 45.1 (44.2,45.9) 53.3 (52.9,53.7)
Livorno 39.0 (38.0,40.1) 52.3 (51.8,52.8) 61.6 (61.2,62.0) 65.2 (64.7,65.6) 69.1 (68.7,69.4) 57.4 (57.1,57.7)
Lucca 49.8 (48.7,50.8) 57.1 (56.5,57.6) 56.4 (55.9,56.9) 69.9 (69.2,70.5) 39.0 (38.2,39.8) 54.4 (54.1,54.8)
Massa Carrara 41.2 (39.8,42.5) 56.3 (55.7,56.9) 60.4 (59.9,60.8) 61.2 (60.3,62.1) 51.3 (50.6,52.0) 54.1 (53.7,54.5)
Pisa 34.7 (33.6,35.8) 57.5 (57.0,57.9) 56.1 (55.7,56.5) 77.7 (77.3,78.0) 71.3 (71.0,71.6) 59.4 (59.2,59.7)
Prato 52.7 (51.8,53.6) 61.0 (60.6,61.5) 61.8 (61.4,62.1) 59.8 (58.7,60.8) 46.5 (45.9,47.2) 56.4 (56.0,56.7)
Pistoia 31.9 (30.7,33.1) 47.3 (46.7,48.0) 51.7 (51.3,52.2) 45.8 (44.9,46.7) 43.1 (42.4,43.8) 44.0 (43.6,44.3)
Siena 51.8 (50.9,52.7) 57.5 (56.9,58.0) 66.9 (66.6,67.2) 67.0 (66.2,67.6) 42.8 (42.0,43.5) 57.2 (56.9,57.5)
Viareggio 43.4 (42.0,44.9) 45.6 (44.8,46.4) 54.9 (54.3,55.4) 69.0 (68.1,69.7) 68.0 (67.6,68.4) 56.2 (55.8,56.6)
Tuscany 47.4 (46.5,48.2) 57.1 (56.7,57.6) 60.8 (60.5,61.2) 56.2 (55.5,57.0) 41.3 (40.6,42.0) 52.6 (52.3,52.9)
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Fig. 1  Years lived with disability (YLD) from lung cancer attributable to smoking (age-standardized rate per 100,000 and counts) by sex and Local Health 
Unit (LHU), 2022: point estimates and 95% uncertainty intervals
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100,000, respectively) and lower in Arezzo (3.3, 95% 
UI = 1.9,5.2 and 15.0, 95% UI = 8.1, 25.2 per 100,000).

Discussion
We estimated that in 2022 in Tuscany LC caused 7.8 
(95% UI = 2.3,17.3) and 25.5 (95% UI = 7.3,52.7) years of 
ill health per 100,000 females and males, respectively, 
out of which 53% and 66% were caused by smoking (YLD 
per 100,000: 4.2, 95% UI = 2.7,7.0 in females; 16.9, 95% 
UI = 10.0,27.5 in males).

Lung cancer incidence in the last decades had a 
decreasing trend among males, whereas it is still increas-
ing among females [21, 22]. Although both the YLDs 
from LC and the burden attributable to smoking are 
lower in women compared to men, it should be high-
lighted that women are experiencing a delay in the smok-
ing epidemic, as well known from the literature [23] and 
as can also be deduced from the delay in the distribution 
by age of both the smoking prevalence and the PAF in 
women compared to men. This suggests that a further 
increase in the burden due to smoking is expected in the 
next years in females, as already evident from the grow-
ing trend in LC incidence. However, in the last years, 
survival from LC increased, especially in women, for 
non-small-cell LC (NSCLC), which is the LC histological 
subtype mainly associated with smoking, presumably due 
to NSCLC diagnostic and treatment innovation that has 
positively and powerfully impacted the survival length 
[21, 22].

Both YLD and smoking habits showed slight varia-
tions by LHU, resulting in a variable burden from smok-
ing with higher YLD in 2022 in the LHU of Florence for 
both females and males, and lower in Arezzo LHU. The 
modeling procedure, which was based on incidence and 
survival data from Prato and Florence only, may have 
smoothed out any further differences by LHU. Previous 
studies carried out in the Tuscany region found that, for 
cohorts born between 1905 and 1940, risks of mortality 
for LC were higher in all industrial areas moving from the 
North-Western part of the region, the historically devel-
oped part, to the rural South-East part, e.g. Arezzo and 
Siena LHU [24, 25], associated to socio-demographic fac-
tors [26]. Our findings confirm a geographic transition in 
time as hypothesized in a study on LC mortality at the 
national level [27], suggesting a shift to higher risks in 
more urbanized areas. These results suggest that, albeit 
in a small geographical area, the differences in LC burden 
and risk factor exposure are not negligible and need spe-
cial attention from decision-makers.

Our results based on the Cancer Registry of Tuscany 
and local surveys are in line with those estimated for 
Italy from the GBD study which used different sources 
of information (2019 YLD rate per 100,000: 10.3, 95% 
UI = 7.0,14.3 in females and 23.5, 95% UI = 15.9,33.3 in 

males; YLD rate due to smoking per 100,000: 6.1, 95% 
UI = 4.1, 8.5 in females, 17.4, 95% UI = 11.7,24.8 in males) 
[5]. As evidenced by our UIs, our results appear more 
uncertain than the GBD ones, because they allow for 
multiple and diverse sources of uncertainty. This larger 
variability around the estimates should not be seen as 
a flaw but rather as a strength of our study, since it fol-
lows from a correct procedure of error propagation and 
reflects actual sampling and epistemic uncertainties.

This study has some limitations. First, in the estimation 
procedure, we did not take into account the COVID-19 
pandemic which may have reduced the LC incidence for 
2020 and 2021 due to delays in diagnosis and, in part, to 
the increased deaths for COVID-19 [28] (LC incidence 
should have returned to previous values in 2022). More-
over, the effect of the COVID-19 pandemic, with the 
associated stay-at-home measures, resulted in a decrease 
in smoking prevalence especially among youths, albeit 
with an increase in smoking intensity [29]. However, the 
disease burden due to smoking should not have under-
gone substantial changes due to the lagged effect of 
smoking on cancer [30].

Secondly, the dose-risk curves come from a synthe-
sis which includes studies conducted in countries with 
lifestyles and habits different from those of the context 
covered by this study [17]. Asian countries, for example, 
have smoking habits and concurrent causes of LC differ-
ent from Tuscan ones due to lower smoking prevalence 
among women or higher ambient air pollution. How-
ever, meta-analytical risk estimates should not be highly 
affected by such differences due to the large strength of 
association between smoking and LC.

In addition, the parameters used for the duration of 
cancer phases and for disability weights come from pop-
ulations other than those under study (different countries 
and time frame). The parameter used for the duration 
of diagnosis and primary therapy cancer phase was esti-
mated in the UK more than a decade before the study 
period. Health care, health access and cancer treatments 
and protocols produce waiting times that vary consider-
ably over time and place [31]. However, by carrying out 
a sensitivity analysis we found that the variability of such 
estimates does not affect our results (Supplementary 
material S1). Moreover, the duration of the metastatic LC 
phase is based on estimates from the SEER US popula-
tion which is slightly younger that the Tuscany one. How-
ever, accounting for uncertainty on parameters protects 
us from obtaining results that are dependent only on 
the distribution’s mean. Nonetheless, further efforts are 
needed to improve these estimates by using local data.

Finally, our modeling strategy is carried out in a fre-
quentist framework, except for the smoking prevalence 
model for which a Bayesian model was used due to its 
hierarchical complexity.
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One of the strengths of this study is the use of local 
data from the Tuscany Cancer Registry which draws 
upon multiple sources of information, such as hospital 
discharge records, death certificates, pathology reports 
and other sources. Moreover, we used data from the 
PASSI survey at the local level, allowing us to produce 
detailed estimates of the burden of disease from LC and 
its attribution to smoking. Moreover, most sources of 
uncertainty were taken into account and propagated in 
the modeling procedure, producing timely updated esti-
mates with a measure of uncertainty.

Conclusions
In conclusion, the methodology described in our study, 
in part grounded in the GBD study, together with the use 
of local estimates on both disease incidence and exposure 
prevalence could be applied to different diseases and risk 
factors, and to explore disparities related to socio-eco-
nomic level. Finally, the detailed and timely updated esti-
mates produced in our study can help policymakers and 
practitioners to set priorities and allocate resources at the 
regional level and practitioners to improve communica-
tion with patients.
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