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Abstract: The population of the Venafro Valley (Southern Italy) faces various type of air pollution
problems (industrial facilities, traffic, and biomass combustion). To estimate exposure to various
pollution sources, a multi-stage random forest model was used, integrating particulate matter (PM)
data with satellite observations, land-use patterns, and meteorological information generating maps
of PM2.5 concentration. Four distinct PM2.5 exposure categories were established using the quartile
method. To assess the association between PM2.5 and cause-specific mortality and morbidity, a
time-dependent and sex-specific Cox multiple regression analysis was conducted, adjusting for age
classes. In addition, the hazard ratios were accompanied by a probability measure of the strength of
the evidence toward a hypothesis of health risk associated with the exposure under study (1−p value).
The whole cohort was exposed to PM2.5 annual levels exceeding the 5 µg/m3 limit recommended by
the World Health Organization. Mortality excesses were observed in class 3 for both sexes for cardiac
heart diseases. Excesses of cardiovascular diseases were observed for both sexes in class 3 and 4.
The study highlights significant signals warranting mitigation actions, which regional authorities are
currently considering.

Keywords: air pollution; cardiovascular diseases; residential cohort study; mortality; morbidity;
hazard ratio; Italy

1. Introduction

Air pollution has its origins in both natural and anthropogenic sources and has
been identified as the most significant environmental threat to human health and well-
being on a global scale [1,2]. The burden of disease associated with exposure to air
pollution is significant and increasing. This trend can be attributed to rising exposure
levels in low- and middle-income countries, as well as the rapid and extensive preva-
lence of non-communicable diseases globally, driven by an aging population and lifestyle
changes [2]. The World Health Organization (WHO) estimates that around 7 million deaths
are attributable to the joint effects of environmental and domestic air pollution [3], with
4.1 million of these deaths attributed to ambient fine particulate matter (PM) with a di-
ameter less than 2.5 microns (PM2.5) [4]. The primary burden of disease associated with
PM2.5 is concentrated in areas of high concentration (≥35 µg/m3), where approximately
half of the global population resides [5]. Global evaluations of the impact of air pollution
suggest that it is responsible for approximately 4 million to 9 million deaths annually,
along with the loss of hundreds of millions of healthy life years [3,4,6,7]. It is hypothesized
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that exposure to air pollution is a significant contributor to global health risks, ranking
among the top five risk factors out of 87 in a global assessment, alongside other major
health concerns such as an unhealthy diet and tobacco smoking [4]. In 2019, the American
Environmental Protection Agency (US EPA) classified the association between PM2.5 and
mortality from natural causes as “causal” while the association between PM10−2.5 and
mortality from natural causes as “suggestive” [8]. Particularly, the “causal” or “probably
causal” relationship between long-term exposure to fine PM and mortality from all causes
and cardiovascular disease (CVD) has also been reported by the International Agency for
Research against Cancer (IARC) [8].

Since most of the residents’ lives in urban contexts are potentially polluted by anthropic
activities, the concern for possible environmental health effects is widespread in these
areas. In fact, the urban environment is typically characterized by multiple environmental
stressors, which in some cases act synergistically, causing health damage [1]. To date, the
evidence of the effects of short-term exposures (from one hour to days) to air pollutants
reports associations with mortality for all causes, but also with cardiovascular mortality [9].
Several systematic reviews and meta-analyses demonstrated the effects of PM on all-cause
and cause-specific mortality [10,11]. Particularly, both short-term and long-term exposure
to PM2.5 levels are associated with CVD outcomes such as mortality, stroke mortality and
morbidity, heart failure, myocardial infarction (MI), cardiac arrhythmias, and ischemic
heart disease (IHD) [3,12–15].

The recent literature provides evidence for the plausible mechanisms through which
PM2.5 results in adverse cardiovascular outcomes. Specifically, it is hypothesized that PM2.5
acts via three mechanisms: (1) the increment of oxidative stress, (2) the activation of the
inflammatory pathway of the immune system, and (3) the stimulation of the autonomic
nervous system [13,14]. Indeed, PM2.5 can deposit on the vascular endothelium, leading
to chronic exacerbation of local oxidative stress and inflammation, which in turn results
in atherosclerotic plaque instability and ultimately, thrombus formation [16]. Particularly,
long-term exposure to atmospheric pollutants may be a trigger for a chronic vascular
inflammatory status probably damaging the cardiovascular system through the induction
of endothelial dysfunction, coronary atherosclerotic plaque formation, progression, and
also destabilization [17–19].

The Venafro Valley, situated in the Italian region of Molise, has historically been
subjected to a multitude of forms of pollution. These include the presence of a waste-
to-energy plant (WTE) and a cement factory. Furthermore, both the valley and the city
of Venafro are impacted by the utilization of biomass combustion and a considerable
volume of traffic, encompassing both heavy and light vehicles. In order to evaluate the
potential health risks faced by residents in the eight municipalities of the Venafro Valley
exposed to the industrial air pollution considered, a retrospective residential cohort study
(EPIVenafro+7 study) was conducted. The study spanned a period from 2006 to 2019. A
map of the dispersion of nitrogen dioxide emitted by the plants, which were used as a
proxy for industrial pollution, was employed to assess exposure. Furthermore, to ascertain
the environmental risks associated with the two aforementioned industrial plants, the
reconstruction of mortality and morbidity profiles was utilized [20]. The study revealed an
elevated mortality risk for diseases of the circulatory system in both men and women, with
a particular emphasis on heart and cerebrovascular diseases. The study also showed an
elevated risk of hospitalization for diseases of the circulatory system in both sexes in the
region most affected by the two industries [20].

In contrast to the previous study, the principal objective of the present research is to
assess the health risks associated with CVD among the residents of the area, taking into
account a range of additional polluting emissions, including those related to traffic and
biomass combustion, in addition to industrial emissions, by performing a retrospective
population-based cohort study. The research utilized concentration maps of PM2.5 as expo-
sure indicators, while individual risk factors such as age and gender were also considered.
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The study was financed by the Molise region through the municipality of Venafro and
involved the other seven municipalities of the Venafro Valley.

2. Materials and Methods

The study was conducted in accordance with the ethical principles set forth in the
Helsinki Declaration. All record linkage procedures were conducted in accordance with
the highest standards of data protection and confidentiality. The handling of personal data
was carried out in strict compliance with the rules governing the management of regional
information systems and in full alignment with the current privacy legislation, specifically
the General Data Protection Regulation (GDPR) and the European Regulation 2016/679. To
facilitate the record linkage procedures, the personal and health data were pseudonymized
through a uniform process, resulting in a final dataset comprising personal (demographic
and residential), exposure, and health data, minimized for research purposes. Notably,
no personal identifiers were transmitted to the research personnel, all the addresses were
geocoded, and the personal data were analyzed anonymously.

2.1. Domain of the Study, Definition of the Cohort, and the Follow-Up Period

The study domain encompasses eight municipalities within the Venafro Valley (Molise
region, central Italy) (Figure 1). In addition to the two industrial zones located in the
municipalities of Sesto Campano and Pozzilli, the Venafro area is characterized by both
the utilization of biomass combustion and a considerable volume of both heavy and light
traffic. This is largely due to the presence of two principal arterial roads that intersect with
all other major roads in the city at a single junction situated in the center of Venafro.
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Figure 1. Study domain of the eight municipalities of the Molise region.

The study analyzed a retrospective cohort consisting of all individuals residing in
eight municipalities for at least one year during the period from 2006 to 2019, considered
as the follow-up period. Data on demographics and residences were sourced from the
municipalities’ general registry offices. The cohort was designed to be flexible, accommo-
dating new entrants at various times due to births and migration throughout the study
duration. For hospital admissions, the approach used was consistent with the methods
detailed in our previous study [21]. Person–years (pys) were calculated from the time entry
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into the cohort until the first hospitalization for each specific cause. If an individual moved
residences, the pys were aggregated from all recorded addresses. Those who died or were
hospitalized outside the study area during the observation period were included in the
analysis, just like those within the area. All addresses were georeferenced for accuracy.
Throughout the follow-up period (2006–2019), the cohort encompassed 29,495 individuals
and 317,810 pys. Among them, 14,804 (50.2%) were males, with an average follow-up
duration of 10.7 years (10.5 years for male and 11.0 years for females).

2.2. Exposure Assessment

Concentration maps of PM2.5
Air pollution in urban areas can originate from a variety of sources, including in-

dustrial emissions, vehicle exhaust, domestic heating, and biomass burning. To assess
population exposure from multiple sources, the concentration maps of pollutants estimated
by Stafoggia et al. in 2020 were used in this study [22]. These were estimated by means of a
machine learning approach using the random forest method to estimate the daily mean
values of PM10, PM2.5, NO2, and O3 on a 1 km2 grid for the period 2016–2019 [22]. The
method integrates meteorological, land use, and monitoring data obtained from all avail-
able sites provided by the Higher Institute for Protection and Research on Environment,
along with aerosol optical depth satellite data.

Among the various pollutants, PM2.5 was chosen as representative for studying multi-
source exposures due to its sensitivity and adverse effects on the cardiovascular system.
Data were available just for the 2016–2019 period, so this time range was considered as
representative of the entire follow-up period. Figure 2 shows the spatial distribution of
the PM2.5 average concentrations for the period 2016–2019 for the 1 km2 cells in the study
area. The PM2.5 distribution is characterized by an average value of 11.19 µg/m3 (standard
deviation of 2.55 µg/m3) and a minimum and maximum of 6.85 µg/m3 and 20.22 µg/m3,
respectively.
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2.3. Population Exposure

For each georeferenced individual, a detailed record of PM2.5 exposure within the
study area was reconstructed throughout the follow-up period, accounting for any move-
ments within the area. Specifically, for each member belonging to the cohort, the PM2.5
concentration at each residential address was assigned based on their georeferenced loca-
tions. Individual exposures were then categorized into four levels determined by quartiles
of the distribution of PM2.5 exposure. The four exposure levels were defined as follows (see
Figure 3):

• Class 1 (less exposed, class of reference): 8.1–13.3 µg/m3;
• Class 2: 13.3–15.1 µg/m3;
• Class 3: 15.1–17.1 µg/m3;
• Class 4 (class with higher exposure): 17.1–18.8 µg/m3.
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Figure 3. Attribution of the exposure class to the residential cohort through the concentration map,
divided into the four classes defined for particles that are 2.5 microns or less in diameter (PM2.5).

2.4. Health Outcomes

Mortality and hospitalization data for the period from 2006 to 2019 were provided by
the Molise Regional Health Agency in a pseudonymized format, following the methodology
described by Bustaffa et al. (2023) [20]. Each individual in the cohort was linked to their
initial hospital admission for each specific condition of interest, as well as any related
mortality, using a pseudonymized identification code. The age at diagnosis was calculated
by subtracting the admission date from the date of birth. Given the established links
between PM2.5 air pollution and potential health risks, and considering the nature of
the diseases under study, the focus was placed on diseases of the circulatory system. The
conditions analyzed were selected based on the International Classification of Diseases, 10th
Revision (ICD-10) for mortality data and the ICD 9th Revision, Clinical Modification (ICD-
9-CM) for hospitalization data. The specific causes included in the study are as follows:

• Diseases of the circulatory system (ICD-10 Code I00–I99; ICD-9-CM Code 390–459);

# Heart diseases (ICD-10 Code I00–I52; ICD-9-CM Code 390–429);
# Ischemic heart diseases (IHD) (ICD-10 Code I20–I25; ICD-9-CM Code 410–414);
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# Acute myocardial infarction (AMI) (ICD-10 Code I21; ICD-9-CM Code 410);
# Cerebrovascular diseases (ICD-10 Code I60–I69; ICD-9-CM Code 430–438).

2.5. Statistical Analysis

To examine the relationship between exposure levels and cause-specific mortality
and morbidity within the cohort, a time-dependent, sex-specific Cox regression model
was utilized. This model assessed how exposure to PM2.5 impacted these risks, with a
comparison drawn internally within the study area. The analysis involved calculating the
hazard ratios (HRs) by comparing the risks of death or hospitalization among the groups
with the highest PM2.5 exposure to those with the lowest exposure. HRs were adjusted for
age categories (0–44; 45–54; 55–64; 65–74; 75–84; 85+) and results were presented with a
95% confidence interval (95% CI). Additionally, the strength of the association between
PM2.5 and health outcomes was quantified using the empirical evidence measure (1−p),
which indicates the probability that the observed association is credible. A higher (1−p)
value reflects stronger evidence supporting the association between exposure and health
risks [23]. Analyses were performed separately for males and females using STATA v.13
(Stata Corp., College Station, TX, USA, 2013).

3. Results

Tables 1 and 2 present the associations between PM2.5 exposure from various sources
and the causes of mortality and morbidity, categorized into four exposure levels (with class
1 as the lowest, used as reference) for both males and females. For a better understanding
of the results, please note the following guidelines:

• HRs based on fewer than three cases are not reported due to privacy concerns and the
potential for high inaccuracy in the estimates;

• To emphasize findings for the highest exposure groups, only significant results related
to classes 3 and 4 of PM2.5 exposure are discussed;

• Any observed risk increases in the highest exposure classes are always compared to
the reference class (class 1), which has the lowest PM2.5 levels;

• Consistent with recent scientific guidelines, which advocate not using a mere cut-off
of statistical significance, we have accompanied the HRs with the (1−p) indicator as
previously defined. In fact, even if not statistically significant, risk associations may
indicate important issues that warrant further investigation with more robust studies
to reduce uncertainty [24].

3.1. Results of Mortality Analyses

For the diseases of the circulatory system, an excess among males in class 3 (+20%,
87.1% of evidence probability in favor of the hypothesis of risk association (1−p)) was
observed, while no excess was found among females. Particularly, for heart diseases
excesses among both sexes in class 3, +25% (1−p 87.1%) and +15% (1−p 71.1%) among
males and females, respectively, were observed (Table 1). Among females in class 3, an
excess for IHD emerged (+42%, 1−p 82.6%) (Table 1).

3.2. Hospital Admission Analyses

Considering diseases of the circulatory system, risk excesses in the highest exposed
classes and in both genders were observed (Table 2). In class 3, among males, a risk excess
of +23% (1−p 99.9%) was observed; this result was also similar among females, with a risk
excess of +25% (1−p > 99.9%) (Table 2). In the highest class, risk excesses were also observed
among males (+29% 1−p > 99.9%) and females (+20% 1−p 99.6%) (Table 2). Even if results
showed excesses for heart diseases among both genders in class 3 (males − +11%, 1−p 82.9;
females − +12%, 1−p 85.9%) and for IHD among males in the highest exposure classes (class
3 − +22%, 1−p 92.9%; class 4 − +16%, 1−p 84.7%), the excesses described for the circulatory
system diseases are mainly attributable to cerebrovascular diseases for which excesses for
both genders of the highest exposure classes were observed (Table 2). Specifically, in class
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3, risk excesses of +37% (1−p 99.8%) and +25% (1−p 97.7%) among males and females,
respectively, were observed (Table 2). In the highest class, risk excesses were also observed
among both males (+35%, 1−p 99.8%) and females (+29%, 1−p 99.1%) (Table 2).

Table 1. Mortality analyses by sex and exposure class of particulate matter with diameters less than
2.5 microns (PM2.5) (period of 2006–2019, adjusted for age classes).

Cause (cod.
ICD-10)

Exposure
Class

MALES FEMALES
n HR 1−p CI95% n HR 1−p CI95%

Diseases of the
circulatory

system
(I00–I99)

1 (ref.) 183 252
2 183 1.16 0.830 0.94–1.42 225 1.07 0.557 0.90–1.28
3 115 1.20 0.871 0.95–1.52 146 1.07 0.476 0.87–1.31
4 95 0.89 0.615 0.70–1.15 103 0.79 0.952 0.63–1.00

Heart diseases
(I00–I52)

1 (ref.) 117 147
2 116 1.13 0.649 0.87–1.46 150 1.22 0.909 0.97–1.53
3 78 1.25 0.871 0.94–1.67 93 1.15 0.711 0.89–1.49
4 63 0.91 0.470 0.66–1.23 61 0.79 0.878 0.58–1.07

Ischemic heart
diseases (IHD)

(I20–I25)

1 (ref.) 31 33
2 37 1.30 0.719 0.80–2.10 37 1.31 0.739 0.82–2.09
3 20 1.14 0.348 0.65–2.00 27 1.42 0.826 0.86–2.37
4 23 1.15 0.395 0.67–1.99 17 0.91 0.248 0.50–1.64

Acute
myocardial
infarction

(AMI)
(I21)

1 (ref.) 11 13
2 13 1.22 0.372 0.54–2.73 9 0.78 0.438 0.33–1.82
3 8 1.17 0.261 0.47–2.92 12 1.50 0.688 0.68–3.30
4 8 1.00 0.005 0.40–2.51 5 0.60 0.658 0.21–1.70

Cerebrovascular
diseases
(I60–I69)

1 (ref.) 39 68
2 51 1.53 0.954 1.01–2.33 61 1.09 0.370 0.77–1.54
3 25 1.26 0.623 0.76–2.08 42 1.16 0.540 0.79–1.70
4 19 0.87 0.371 0.50–1.52 35 1.02 0.079 0.68–1.54

Notes—ICD-10: International Classification of Diseases, 10th revision; n: numerosity; HR: hazard ratio; CI95%:
confidence interval at a 95% probability; 1−p: strength of evidence in favor of an excess/defect of mortality risk;
1 (ref.): exposure class 1, reference (8.8–13.3 µg/m3); 2: exposure class 2 (13.3–15.1 µg/m3); 3: exposure class 3
(15.1–17.1 µg/m3); 4: exposure class 4 (17.1–18.8 µg/m3).

Table 2. Hospitalization analyses by sex and exposure class of particulate matter with diameters less
than 2.5 microns (PM2.5) (period of 2006–2019, adjusted for age classes).

Cause (cod.
ICD-9-CM)

Exposure
Class

MALES FEMALES
n HR 1−p CI95% n HR 1−p CI95%

Diseases of the
circulatory system

(390–459)

1 (ref.) 623 578
2 687 1.17 0.996 1.05–1.31 572 1.11 00925 0.99–1.25
3 477 1.23 0.999 1.09–1.38 461 1.25 >0.999 1.10–1.41
4 566 1.29 >0.999 1.15–1.45 461 1.20 0.996 1.06–1.35

Heart diseases
(390–429)

1 (ref.) 421 365
2 435 1.04 0.440 0.91–1.19 334 0.98 0.208 0.84–1.14
3 315 1.11 0.829 0.96–1.28 281 1.12 0.859 0.96–1.31
4 355 1.08 0.697 0.93–1.24 269 1.00 0.037 0.85–1.17

Ischemic heart
diseases (IHD)

(410–414)

1 (ref.) 181 118
2 224 1.23 0.960 1.01–1.49 105 0.93 0.431 0.71–1.21
3 155 1.22 0.929 0.98–1.51 90 1.08 0.405 0.82–1.42
4 175 1.16 0.847 0.95–1.43 90 0.97 0.146 0.74–1.28

Acute myocardial
infarction (AMI)

(410)

1 (ref.) 77 47
2 99 1.27 0.881 0.94–1.71 44 1.00 0.004 0.66–1.51
3 64 1.16 0.626 0.83–1.62 30 0.92 0.265 0.58–1.46
4 72 1.11 0.485 0.81–1.54 27 0.78 0.699 0.48–1.25

Cerebrovascular
diseases
(430–438)

1 (ref.) 213 231
2 274 1.34 0.999 1.12–1.60 243 1.17 0.917 0.98–1.40
3 187 1.37 0.998 1.12–1.67 193 1.25 0.977 1.03–1.51
4 208 1.35 0.998 1.11–1.63 203 1.29 0.991 1.06–1.56

Notes—ICD-9-CM: International Classification of Diseases, 9th revision—Clinical Modifications; n: numerosity;
HR: hazard ratio; CI95%: confidence interval at a 95% probability; 1−p: strength of evidence in favor of an
excess/defect of hospitalization risk; 1 (ref.): exposure class 1, reference (8.8–13.3 µg/m3); 2: exposure class 2
(13.3–15.1 µg/m3); 3: exposure class 3 (15.1–17.1 µg/m3); 4: exposure class 4 (17.1–18.8 µg/m3).
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4. Discussion

The purpose of the present analysis, carried out in the framework of the EPIVenafro+7
study, was to assess the mortality and hospitalization profile for the CVD of residents of
the eight municipalities in the Venafro Valley (Molise region) differently exposed to air
pollution according to age and sex.

The mortality analysis revealed an increased risk of cardiovascular diseases, predomi-
nantly heart diseases, among men residing in the most heavily polluted areas, although not
always with clear signals. In terms of hospitalization, both genders showed an increase
in the prevalence of cardiovascular diseases, with a significant rise in cases of IHD and
cerebrovascular diseases among the most exposed groups.

Despite exposure levels being below the national PM2.5 limit of 25 µg/m3, they exceed
the new recommended limit of 5 µg/m3 [2]. Regarding exposures to PM2.5, the area
with greatest exposure (with average annual values of PM2.5 from 17.1 to 20.2 µg/m3

significantly higher than the level suggested by the AQGs of 5 µg/m3) is limited to the urban
area of Venafro, the most densely populated municipality, particularly at the intersection
between the two main roads.

From a summary of the results, significant excesses of mortality for CVD are observed
in both sexes in the most exposed areas. Among males, this excess is also confirmed by
hospitalization analyses.

Regarding mortality and morbidity, our results on CVD are generally in line with what
is reported by the recent scientific literature, namely that short- and long-term exposure
to PM2.5, and more generally to air pollution, is associated with significant human health
effects such as an excess risk of mortality from CVD.

Following the publication of the AQG in 2006, given the strong increase in scientific
studies on air pollution and health effects, the WHO commissioned various systematic
reviews and meta-analyses with the aim of updating the scientific evidence in order to
support the new update of the AQG [2], aiming at summarizing the worldwide evidence
on the effects of exposure to PM and other air pollutants on all-cause and/or cause-
specific mortality, including cardiovascular and cerebrovascular mortality [15,25]. This
WHO upgrade of the global scientific literature finds positive associations between PM2.5
and mortality for cardiovascular and cerebrovascular diseases [15], with the associations
with PM2.5 much more consistent than with PM10, especially for CVD [25]. The most
recent scientific literature confirms the associations between PM2.5 and increased mortality
and morbidity and/or of the risk for CVD [13,14,26–30], revealing the causal association
between higher PM2.5 concentrations and increased CVD risks [31] and confirming that PM
air pollution is a significant risk factor for CVD [32]. Particularly, the long-term exposure
to PM2.5 was found to be associated with an increased incidence of MI, atherosclerosis,
incident hypertension, incident stroke, and stroke mortality [12].

As is the case with all epidemiological studies, our research study has both strengths
and limitations. The residential cohort design represents a significant strength of this study,
as it represents the most advanced approach adopted in other national environmental
epidemiology studies [20,33–35]. This kind of study allows for the examination of different
outcomes for the same type of exposure and enables the tracking of individual subjects
over time, associating their exposure based on their residence duration at a specific address.
It is also noteworthy that the georeferencing procedure was 100% successful, ensuring
that no distortions were introduced due to the uneven distribution of subjects across the
territory. The loss of 5% of subjects from the mortality register and 10% of subjects from the
hospital discharge forms provided reassurance regarding the reliability of the estimates
obtained, given that a loss of 10% is considered typical in cohort studies.

Regarding the limitations of the study, it should be noted that the sample size in
some cases resulted in an indicator estimate with a low precision, or in instances where
there were fewer than three cases, it was not reported for reasons of subject privacy.
Secondly, the attribution of complex exposure, such as that involving multiple sources, was
based solely on the subject’s residential address. It is possible that the residence does not
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accurately reflect the subjects’ actual exposure. The study did not consider information
regarding the movements of the cohort subjects during the day, which may have resulted in
misclassification between residents in exposed and less exposed areas and the generation
of biases. In particular, when pollutants are generated by sources in close proximity to one
another, it is not possible to definitively attribute the effects of one source over another.
The model employed in the study considers the overall PM2.5 detected in the study area
(irrespective of the source), offering a distinct approach compared to evaluating emissions
from a single source. Furthermore, confounders such as cigarette smoking, alcohol abuse,
obesity, diet, physical activity, and occupational exposure were not directly considered, as
data were not available. For these factors, a confounding effect cannot be excluded. All these
aspects may be responsible for some inconsistent results between classes of exposures. This
inconsistency renders the results less reliable and calls for a more descriptive interpretation
than one based on causal speculation. Further investigation is required to elucidate this
issue. Moreover, there is currently no strong evidence to support the hypothesis that other
risk factors not considered thus far have effects on the same outcomes. However, we
studied a small area, so we expect social characteristics and lifestyles to be non-differential
between the different PM2.5 classes. Consequently, the estimated relative risks should be
minimally influenced by the effect of individual confounding factors not considered.

5. Conclusions

The retrospective residential cohort study EPIVenafro+7 revealed that exposure to
PM2.5 was associated with a non-negligible increase in mortality and hospitalization rates
for CVD in both sexes. While the extent of the excesses is not alarming, it is nevertheless
indicative of a situation that warrants further investigation, including an examination
of lifestyles and other individual risk factors. The findings of the present study, which
encompassed all emission sources, in conjunction with those of the previous study that
focused exclusively on industrial sources, underscore the existence of a dual challenge in
the area that necessitates the implementation of targeted measures. The first challenge is
associated with the presence of industrial facilities [20], while the second is more closely
linked to urban emissions from the most populated municipalities. Although cohort stud-
ies represent one of the most advanced research designs, the inherent uncertainty of the
resulting estimates can be reduced by refining the methodology, improving the accuracy
of exposure assessment, and employing other methods of epidemiological analysis. In
particular, future investigations should consider potential confounding factors, such as
smoking, alcohol consumption, diet, and occupational exposures, which could influence
the outcomes. We suggest the following recommendations: (i) undertake detailed research
using birth assistance certificates and the Cancer Registry, (ii) carry out a thorough exami-
nation of the findings within various population subgroups, and (iii) conduct a pilot study
on cardiovascular disease, employing surveys and human biomonitoring.

Furthermore, according to the new air quality guidelines, we consider it necessary
to pursue environmental policies aimed at considerably reducing concentrations of atmo-
spheric pollutants to reduce the health burden from exposure to air pollution.
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