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Long-term effects of air pollutants 
on respiratory and cardiovascular mortality 
in a port city along the Adriatic sea
Federico Mei1,2*†, Matteo Renzi3*†, Martina Bonifazi1,2, Floriano Bonifazi4, Nicola Pepe5, Alessio D’Allura5, 
Giuseppe Brusasca5, Giovanni Viegi6 and Francesco Forastiere7,8 

Abstract 
Background Shipping and port-related air pollution has a significant health impact on a global scale. The present 
study aimed to assess the mortality burden attributable to long-term exposure to ambient particulate matter  (PM2.5, 
 PM10) and nitrogen dioxide  (NO2) in the city of Ancona (Italy), with one of the leading national commercial harbours.

Methods Exposure to air pollutants was derived by dispersion models. The relationship between the long-term 
exposure of air pollution exposure and cause-specific mortality was evaluated by Poisson regression models, 
after adjustment for gender, age and socioeconomic status. Results are expressed as percent change of risk (and 
relative 95% confidence intervals) per 5 unit increases in the exposures. The health impact on the annual number 
of premature cause-specific deaths was also assessed.

Results PM2.5 and  NO2 annual concentrations were higher in the area close to the harbour than in the rest of the city. 
Positive associations between each pollutant and most of the mortality outcomes were observed, with estimates 
of up to 7.6% (95%CI 0.1, 15.6%) for 10 µg/m3 increase in  NO2 and cardiovascular mortality and 15.3% (95%CI-1.1, 
37.2%) for 10 µg/m3 increase  PM2.5 and lung cancer. In the subpopulation living close to the harbour, there were 
excess risks of up to 13.5%, 24.1% and 37.9% for natural, cardiovascular and respiratory mortality. The number 
of annual premature deaths due to the excess of  PM2.5 and  NO2 exposure (having as a reference the 2021 World 
Health Organization Air Quality Guidelines) was 82 and 25, respectively.

Conclusions Our study confirms the long-term health effects of PM and  NO2 on mortality and reveals a higher 
mortality burden in areas close to shipping and port-related emissions. Estimating the source-specific health burdens 
is key to achieve a deeper understanding of the role of different emission sources, as well as to support effective 
and targeted mitigation strategies.
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Results
Table 1 reports the population characteristics in the city 
of Ancona during the study period 2013–2017, subdi-
vided according to the area of the city. Almost 10% of the 
subjects live in the city’s harbour area, and 75% are less 
than 65  years old. Population demographics and socio-
economic status did not differ between the harbour and 
non-harbour areas. Higher  PM2.5 and  NO2 concentra-
tions were estimated in the area close to the port than 
in the rest of the city: 21 vs 18.1 and 25.5 vs 18.4 µg/m3, 

respectively. In the lustrum, we observed 5,584 deaths, 
among which 2,051 were due to cardiovascular causes 
and 1,594 due to malignancies. No substantial differences 
emerged in the distribution of individual characteristics 
or deaths between the two areas.

In Table  2, we describe the results of the associa-
tion between long-term exposure to air pollution and 
cause-specific mortality in the city of Ancona during 
2013–2017. We observed a positive association between 
each pollutant and all considered outcomes, except for 

Fig. 2 A-B.  AverageNO2 (A) and  PM2.5 (B) annual concentrations in µg/m3 over the grid map of Ancona
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species production, and oxidative damage to DNA. Our 
study detected an increased risk of lung cancer, although 
with a large confidence interval.

With reference to source-specific emission effects, 
while numerous studies looked at road transport-sourced 
air pollution, relatively less data are available on ship-
ping and port-related health impact. However, over the 
last decade, the ability to assess the health effects and 
the chemical and physical characteristics of ship pollut-
ant exposure were identified as key knowledge gaps and, 
thus, a growing attention has been given to this challeng-
ing context.

A major strength of the present paper, as mentioned 
above, is the assessment of air pollutant concentration in a 
city characterized by the presence of a large harbor located 
in the central urban area, analyzing natural and cause-spe-
cific mortality risk overall and separately for subjects liv-
ing in zones near to this source. However, some limitations 
need to be acknowledged. Data on air pollutant concentra-
tions at spatial level were the results of a model, although 
validated through a local monitoring unit. Moreover, due 

to the lack of measurement stations in the harbor area, it 
was not clear what proportion of air pollution was actually 
shipping-sourced and to what extent emissions from non-
ship activities, such as cargo-loading machinery, heavy-
duty vehicles or trains have influenced the overall burden. 
Furthermore, we used the average exposure of the year 
2019 assuming that no spatial differences emerged dur-
ing the study period. Another limitation could be related 
to the arbitrary a priori choice of 800 m cut-off for buffer. 
However, a sensitivity analysis considering different buff-
ers related to the central area was performed  (600m2 and 
 1000m2 buffers), showing consistent results among the 
three buffers (data not shown), but confirming the 800  m2 
one as the best compromise between an adequate size of 
population exposed and weight of exposure.

Considering that Ancona is a relatively small city, the 
limited number of cause-specific events observed may 
have impacted the power of the study and the generaliz-
ability of the results. In fact, the observed associations 
are characterized by high uncertainty, with wide confi-
dence intervals; in addition, they are often of borderline 

Fig. 3 Annual preventable premature deaths due to long-term exposure to  PM2.5 and  NO2 in the city of Ancona

Role of patient-derive organoids in mesothelioma (MPM)in collaboration with the 
departement of occupational medicine of UNIVPM

Patient-derived MPM organoids (PDO-MPMs), developed through a 3-D culture system from pleural effusion and 
pleural biopsies of patients with MPM, and tested for drug response to CisPt/PeMtx or to Pembrolizumab 

Ongoing international reseaserch: PREDICT MESO, in collaboration with San Raffaele 
University and University of Glasgow
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Epidemiology and pharmacoepidemiology of respiratory diseases (COPD, Interstitial 
Lung Disease ILDs) using secondary health care sources, in collaboration with 
epidemiologists of UNIVPM, of Milano University, Bicocca University, and University of 
Nottingham  
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Abstract
Background and objective: Chronic obstructive pulmonary disease (COPD) inci-
dence, prevalence, mortality and socioeconomic burden are considerable and vary
across countries. The aim of the present study was to update the analysis of COPD
mortality worldwide using data from the World Health Organization (WHO) up
to 2019.
Methods: We obtained COPD mortality and population data for 22 European coun-
tries and the European Union (EU) as a whole, 10 American countries and six other
countries from the WHO mortality database. We calculated age-standardized mortal-
ity rates in both sexes and examined trends by country with joinpoint analysis
between 1994 and 2019.
Results: Between 2005–2007 and 2015–2017, overall COPD mortality decreased in
EU men (!16.3%) but increased in women (12.7%) to reach rates of 14.0/100,000 in
men and of 6.4/100,000 in women. In the United States, mortality declined in men to
21.3/100,000 but rose in women to 18.3/100,000. Mortality declined in most Latin
American countries and all Asian countries, while an increase in Australian women
was observed.
Conclusion: A steady decrease in COPD mortality was observed in most of countries
for men, whilst a different trend was observed in women in several countries. These
trends are largely explained by changes in smoking habits, with an additional contri-
bution of air pollution and occupational exposures. Despite past and ongoing tobacco
control initiatives, this condition still remains a leading cause of death, in particular in
countries with lower socio-demographic indices.

K E YWORD S
chronic obstructive pulmonary disease, COPD, epidemiology, mortality, trend, worldwide

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a leading
cause of disease and death globally, with an estimated preva-
lence of approximately 10% of population aged 30–79 years
in 20191 and 3.197 million deaths worldwide.2 According to
the Global Burden of Disease Study 2019, COPD was ranked
as the fourth and third leading cause of global disability-
adjusted life years (DALYs) in individuals of 50–74 and
≥75 years old, respectively.2 However, COPD burden varies
substantially across countries, with low- and middle-income
countries accounting for 62.6% of the global DALYs.2

SUMMARY AT A GLANCE

Global age-standardized mortality due to chronic
obstructive pulmonary disease (COPD), updated to
2019, reported a decrease in most countries for
men, whilst a plateauing or a slight increase for
women, although heterogeneity by world region
was observed. COPD still remains a leading cause
of death and disability, in particular in countries
with lower socio-demographic index (SDI).
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Abstract: The aim of the study was to evaluate the trend in the incidence of idiopathic pulmonary
fibrosis (IPF) in a real-world setting of the Marche region, a region of Central Italy, between 2014
and 2019. This observational prospective study was based on administrative databases of hospital
discharges and drug prescriptions. All adult residents in the Marche Region with a first prescription
of antifibrotic drugs, or a first hospitalization with a diagnosis of IPF during the study period, were
identified as incident cases of IPF. A multiple Poisson regression analysis was used to estimate the IPF
incidence trend, adjusted for age, sex, and health conditions. The mean incidence rate was 9.8 cases
per 100,000 person-years. A significant increasing trend of 6% per year was observed. The incidence
rates were significantly higher in males than females, older subjects, and those with poorer health
conditions. To our knowledge, this is the first study evaluating incidences of IPF over a 6-year period
in Italy, combining hospital discharge and drug prescription databases. The study highlights that the
combined use of two secondary sources is a reliable strategy to accurately identify new cases of IPF
when the appropriate disease registry is lacking.

Keywords: idiopathic pulmonary fibrosis; incidence; temporal trend; real-world data; clinical
epidemiology

1. Introduction
Idiopathic pulmonary fibrosis (IPF) is a rare, chronic, and progressive disease, causing

an irreversible decline of lung function over time that dramatically impairs the quality of
life. It mainly occurs in older male people, and it is characterized by a poor prognosis,
with a median survival time ranging between 3 and 5 years [1]. Aetiology has yet to
be clearly established, although risk factors such as aging, smoking habits, occupational
exposure, and air pollution, are likely to play a relevant role in IPF onset and progression
in a predisposing genetic background [2,3].

Epidemiological estimates showed huge geographical variability [1,4], with the
highest incidence rates in North America and East Europe (between 3 and 9 new cases per
100,000 person-years) and the lowest in East Asia (less than 4 new cases per
100,000 person-years) [5]. IPF incidence is increasing worldwide [5], as well as hospitaliza-
tion [6] and mortality [7], indicating an increasing burden of the disease on the population
and health systems.

Reasons for worldwide variability in IPF incidence and prevalence include potential
differences in genetics and risk factor exposure among countries, as well as methodological

Int. J. Environ. Res. Public Health 2022, 19, 2510. https://doi.org/10.3390/ijerph19052510 https://www.mdpi.com/journal/ijerph

F I G U R E 1 Joinpoint analysis of COPD age-standardized mortality rates over the 1994–2019 period, for men (blue) and women (red) at all ages, for
selected countries worldwide and the EU as a whole. COPD, chronic obstructive pulmonary disease; EU, European Union
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Project Idea 

Background: Non-specific pleuritis (NSP) reflects a heterogenous group of 

diagnoses and pathophysiological processes that remain poorly understood.

So far, the majority of research has focused on identification of the 10% of 

patients with NSP who go on to develop malignancy – leaving 90% of patients 

with no diagnosis, uncertainty and a variable treatment and investigation 

approach.  A clear needs assessment in NSP is required.

Aim:  The MUST study, allied to our research network (EPIC: European 

Pleural disease Investigators Collaboration), aims to conduct a 

prospective longitudinal study creating a translational platform. We will 

conduct multi compartment sampling and omics analysis with the aim 

to identify disease endotypes, treatable traits and future targets for 

precision medicine (including repurposing of currently available 

medications).   
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