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Objectives The purpose of the present study was to investigate the association between mortality from chronic
obstructive pulmonary disease (COPD) and exposure to fluoro-edenite, a newly discovered amphibolic fiber
found in Biancavilla (Sicily), a municipality on the slope of the Etna volcano, where a high mortality from
malignant mesothelioma had been previously observed.

Methods  Thirty-six municipalities located in the volcanic area of mount Etna were selected for study. An
ecological regression model was applied with mortality from COPD as the dependent variable, mortality from
mesothelioma as a proxy for exposure to fluoro-edenite, and lung cancer mortality, an urban—rural index, a
deprivation index and an aging index as the predictors of COPD mortality. For each municipality, risk classes
were determined for the continuous variables with the use of a finite mixture model.

Results A significant association was found between COPD mortality and pleural neoplasm mortality among
the women in this study. The association was less consistent for the men.

Conclusions Despite the limitations of this ecological study, the results cohere with the results of toxicologic
and observational studies and suggest an etiologic role for fluoro-edenite in nonmalignant respiratory diseases.
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In many places throughout the world, several cases of
environmental exposure to natural asbestiform fibers
have been described since the late 1970s. [For a recent
review, see the report by Goldberg [Health effects of
non occupational exposure to asbestos (Asbestos Health
Effects Conference, Environmental Protection Agency
(EPA) web site). May, 2001. Available at: http://
www.epa.gov/swerrims/ahec/. Accessed 15 December
2003]. The health effects related to such exposure are
similar in each reported case (ie, a high incidence of
malignant mesothelioma and a high prevalence of non-
malignant pleural lesions).

Subsequent to the detection of increased mortality
from malignant pleural neoplasms in the rural munici-
pality of Biancavilla, with a population of approximately
20 000 people and located on the slopes of the Etna vol-
cano in eastern Sicily, an asbestiform mineral fiber was
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detected in the local stone quarry and in materials used
in buildings and road pavement (1). A crystal-chemis-
try investigation identified this mineral as fluoro-eden-
ite, a new end-member of the edenite — fluoro-edenite
series (2). Due to the similarities between fluoro-eden-
ite and tremolite, fibrogenic activity in the respiratory
system was hypothesized for this fiber.

A preliminary geographic mortality study was thus
performed in which the observed mortality from non-
malignant respiratory disease and chronic obstructive
pulmonary disease (COPD) in Biancavilla were com-
pared with the expected figures provided for all other
rural municipalities of the province of Catania. Our se-
lection of municipalities with the same urban-rural cat-
egory was motivated by the differences in mortality from
respiratory disease reported in relation to the level of ur-
banization (3). The mortality pattern for nonmalignant
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respiratory diseases in 1980-1997 showed a standard-
ized mortality ratio (SMR) of 154 for Biancavilla [95%
confidence interval (95% CI) 139-171), the correspond-
ing figure for COPD being 164 (95% CI 142-187). No
diagnosis of pneumoconiosis or lung fibrosis was found
on death certificates in Biancavilla because of a previ-
ous lack of awareness of fiber exposure (table 1). We
thus assumed that a wider range of conditions may have
been allocated to the category of obstructive disease.
Furthermore, the etiology of COPD, a wide range of dis-
eases characterized by chronic nonreversible airflow
limitation and airway obstruction, is not well defined
(4). Various risk factors can act either alone or syner-
gistically (5). Upon these assumptions, we studied the
geographic distribution of mortality from COPD and
evaluated its association with some predictive variables
using ecological regressions.

Material and methods

The following study design was adopted. Altogether 38
municipalities, including Biancavilla, whose soil con-
sists of lavic material of recent or remote origin, were
identified. The selection of the study area was based on
the assumption that the mesothelioma cases related to
fluoro-edenite exposure would be ascertained only for
Biancavilla, but the geological and mineralogical proc-
esses of genesis of the fiber are not yet well known since
the areas and stratum of fiber diffusion in the soil of the
Etna volcano area have not been characterized (2). The
town of Catania was excluded from the study because
it is the largest urban setting in the area; another

Table 1. Standardized mortality ratio (SMR) from all causes, ma-
lignant pleural neoplasms, respiratory diseases, and chronic ob-
structive pulmonary disease (COPD) in Biancavilla versus other
rural municipalities of the Catania district in 1980-1997. (95% Cl
= 95% confidence interval)

Cause Deaths (N) SMR 95% Cl
Al
Women 1644 107 102.4-113.8
Men 1820 104 99.8-109.4
Total 3464 106 102.2-109.3
Malignant pleural neoplasms
Women 7 724 289.9-1491
Men 9 638 291.1-1211
Total 16 669 382-1086
Respiratory diseases
Women 138 167 141.1-198.5
Men 220 147 127.8-167.3
Total 358 154 138.8-171.2
COPD
Women 79 200 158.2-249.1
Men 137 144 121.3-170.9
Total 216 163 142.4-186.8
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municipality was excluded because mortality data were
not available. The information collected for the 36 mu-
nicipalities and stored in a geographic information sys-
tem (Maplnfo software) was the following: mortality from
1 January1980 to 31 December 1997 for COPD [Interna-
tional Classification of Diseases, ninth revision (ICD-9)
4900-4940], malignant pleural neoplasms (ICD-9 1630-
1639), lung cancer (ICD-9 1620-1629), urban—rural clas-
sification (2 categories), socioeconomic deprivation index
(4 categories), and aging index (3 categories).

The urban—rural classification of municipalities was
determined according to a procedure based on a set of
variables collected in the national census carried out by
the National Statistics Institute (ISTAT) (6). The socio-
economic deprivation index was also constructed from
statistics of the national census, combining variables
related to deprivation, such as proportion of subjects
with low educational level, proportion of one-parent
families, proportion of families who do not own their
residence, proportion of the unemployed active popula-
tion, and proportion of houses without an inside bath
(7). The aging index was constructed as the ratio of peo-
ple >65 years of age to those 0—14 years of age. We con-
trolled for age through indirect standardization (the
province of Catania being the reference) for all the mor-
tality indices used in the study. Mortality from COPD
(standardized mortality ratio) formed the dependent var-
iable, whereas the urban—rural and deprivation indices
were included as predictors. They are associated with
mortality from respiratory diseases and thus reflect the
differences in smoking habits, occupational exposures,
and air pollution. Furthermore the use of a socioeconom-
ic deprivation index in studies of small areas is widely
advised because such an index covers many confound-
ing factors (8), and, specifically, a relationship has been
reported between socioeconomic status and COPD (9).
Mortality from malignant pleural neoplasms was used
as an indirect indicator of exposure to fluoro-edenite.
In addition an aging index was included because it re-
veals any relationship to birth cohort effects. We used
mortality from lung cancer as an indirect indicator of
smoking habits and occupational exposures. The likeli-
hood ratio test was used to evaluate the heterogeneity
of the relative risks for COPD in the respective areas
using the negative binomial model (10). This model ac-
counts for the Poisson random variability due to the
small number of observed events and varying popula-
tion sizes among the areas under study. The inclusion
of mortality from lung cancer or pleural neoplasms as
predictors required appropriate statistical filtering of the
random variability of the observed and expected ratios.
First, we estimated the following number of risk class-
es: three for lung cancer [relative risk (RR) 0.7, frequen-
cy 27%; RR 1.0, frequency 30%; RR 1.14, frequency
43%] and two for pleural neoplasms (RR 0.9, frequency



96%; RR 4.0 frequency 4%), and the class belonging to
each municipality using a finite mixture model by means
of CA MAN free software (Computer Assisted Analy-
sis of Mixtures) (11); see Lindsay (12) for details on the
joint estimation of the number of classes and the rel-
ative risk associated with each class. Second, we
used the obtained classification in a subsequent neg-
ative binomial regression analysis of COPD mortal-
ity. This regression model is appropriate for extra-
Poisson variability, which usually arises with the use
of small-area mortality data. Last, mortality from
lung cancer was strongly associated with socioeco-
nomic deprivation and the aging, whereas the latter
was not significantly correlated with COPD. There-
fore, to avoid the high instability related to the con-
temporary use of nearly collinear variables (lung
cancer and socioeconomic deprivation) in the regres-
sion analyses for COPD mortality, we used these
variables alternatively.

Results

A strong heterogeneity of mortality (standardized mor-
tality ratio) from COPD was found among the munici-
palities [likelihood ratio test statistics with one degree
of freedom being 94.0 for the men (P<0.001) and 60.1
for the women (P<0.001)]. The highest average annual
standardized mortality rates in the period 1980-1997
(direct method, reference population Italy 1991) were
observed for the men (98.7 per 100 000) and women
(63.1 per 100 000) in the municipalities of Nicolosi and
Biancavilla, respectively.

Figure 1 shows the distribution of mortality from
COPD in five risk categories determined using the fi-
nite mixture model.

The results of the multiple negative binomial regres-
sion analyses are shown in table 2. COPD mortality was
significantly associated with residence in rural areas. For
the women, a significant association with mortality from
pleural neoplasms was found; the corresponding figure
for the men was consistent, but with a wider confidence
interval.
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Discussion

The results of our study must be considered with cau-
tion, first because mortality from malignant pleural ne-
oplasms in the studied region may also be associated
with other exposures and, second, because, as in all ep-
idemiologic studies based on aggregated data, the results
may have been affected by the well known “ecological
bias” (13). Despite these limitations, the finding of a sig-
nificant association between COPD and pleural neo-
plasm mortality, when adjusted for urban—rural gradi-
ent and lung cancer mortality, is strongly suggestive of
an etiologic role of fluoro-edenite exposure in the oc-
currence of nonmalignant respiratory diseases. Indirect
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Figure 1. Risk categories of mortality from COPD in the municipalities
of the study area.

Table 2. Gender-specific relative risks (RR) and their 95% confidence intervals (95% Cl) for chronic obstructive pulmonary disease in
relation to the unit increase by selected risk factors associated with the ecological regression results, socioeconomic deprivation being

an alternative to lung cancer in the model.

Gender Pleural neoplasm Lung cancer Deprivation?2 Urban-rural ®

RR 95% Cl RR 95% Cl RR 95% Cl RR 95% Cl
Men 1.1 0.97-1.29 1.83  0.92-3.64 1.10  1.01-1.20 1.32 1.04-1.69
Women 123  1.07-1.42 0.89  0.42-1.88 1.05  0.95-1.17 1.57 1.18-2.08
Total 1.20 1.00-1.44 2.07 0.93-4.62 1.10 0.98-1.23 1.34 1.02-1.77

a | ess-deprived category taken as reference.
b Urban feature taken as reference.
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support of this hypothesis was recently provided by the
results of in vitro toxicity studies (14, 15) and by the
observation of the presence of the fiber in the sputum
of bronchitis patients (MG Putzu, personal communi-
cation). Our findings are consistent with previous results
showing that the standardized mortality ratios for pleu-
ral neoplasms in Biancavilla in 1980-1997 were higher
for the women than for the men (table 1). Furthermore,
the gender ratio (men:women) for COPD mortality in
the >65-year group was 1.6 (95% CI 1.3-1.9) for Bian-
cavilla and 2.2 (95% CI 2.1-2.3) for the other munici-
palities in the study area. In the same years and age
group the mean annual standardized mortality rate for
COPD in Biancavilla was 558 per 100 000 for the men
and 301 per 100 000 for the women, while the same fig-
ures for the other municipalities of the study area were
387 and 143, respectively. This observation may reflect
a higher level of fiber exposure for women, who are of-
ten engaged in activities such as the sweeping of dwell-
ings and sidewalks. Similarly, a higher mortality rate has
recently been reported for mesothelioma among wom-
en than among men in Turkish villages where the white-
washing of homes with asbestos-contaminated soil (16)
is a common job of women. Differences in alveolar dep-
osition at the same level of fiber exposure may, howev-
er, also be related to gender-associated factors like res-
piration patterns, lung volume, and body size (17). In
light of the findings of our study, a clinical investiga-
tion of the prevalence of lung fibrosis and pleural
plaques among female residents of Biancavilla is war-
ranted.
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