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A meta-analysis of short-term effects of air pollution on
health in eight Italian cities from 1990 to 1999 is pre-
sented. Death certificates and hospital admission data as
well as daily concentrations of pollutants were collected.
The same generalized linear model adjusted for age,
day of the week, holidays, influenza epidemics, meteor-
ological variables, and seasonality pattern was fitted to
the city data. City-specific model selection was not done.
In the meta-analysis, for each outcome, the city-specific
estimates for each pollutant were combined using fixed
and random-effects models. Hierarchical Bayesian
models were use to investigate the effects of PM10 in
detail. Each pollutant (SO2, NO2, CO, PM10, O3) was sig-
nificantly associated with mortality for natural causes.
The effect of PM10 on mortality was greater during the
warm season and for elderly. A north–south gradient in
risk was observed for total natural mortality. The excess
risks on hospital admission were modified by depriva-
tion score and by the NO2/PM10 ratio. Results add evi-
dence for an association between air pollution and early
mortality or morbidity and support the hypothesis of a
synergism between meteorological variables and air pol-
lution. Key words: meta-analysis; air pollution; epidemio-
logic time series.
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The results of time-series studies conducted in the
last decade have shown that exposure to air pol-
lution at levels presently occurring in urban

environments, in particular PM10 (particles with aero-
dynamic diameter less than 10 µm), is associated with
an increase in mortality and with a variety of health

conditions, including emergency room visits and hos-
pital admissions for respiratory and cardiovascular dis-
eases. A quantification of the short-term effects of air
pollution comes from large meta-analyses conducted in
the United States and in Europe. Risk estimates derived
from the NMMAPS1 and APHEA2,3 studies have been
recently revised due to methodologic concerns related
to the statistical modeling procedure used.4

Compared with most of the cities that have been
investigated in the United States and in Northern and
Central Europe, Italian cities experience higher pollu-
tion levels due to the large number of circulating vehi-
cles (including diesel-powered cars and commercial
vehicles) in areas whose urban infrastructures are not
adequate to cope with mass traffic. The lack of
enforced restrictive measures to control private traffic
in central and densely populated areas, the urban
structures with narrow streets and canyons, and the
mild weather, which encourages outdoor activities and
results in the exposure of more people to air contami-
nants, make Italian cities of some interest for evaluat-
ing the short-term effects of air pollution.

This report summarizes methods and findings of
MISA (Meta-analysis of the Italian Studies on Short-
term Effects of Air Pollution), a study of short-term
effects of air pollution on mortality and hospital admis-
sions in eight Italian cities in the period 1990–1999.

MISA consisted in a two-stage analysis. First, city-spe-
cific analyses were carried out using a common protocol.
Second, the first-stage results were combined to obtain
overall estimates of pollutants’ effects. Standard meta-
analytic methods were adopted to obtain an overall pic-
ture of short-term effects of air pollution in the eight
cities, whereas hierarchical Bayesian models were used to
investigate the effects of fine particulate matter in detail.

Revised results are presented, based on a fully para-
metric first-stage modeling approach. Previous results,
based on semiparametric city-specific analyses, are
reported elsewhere.5,6

DATA

Daily Mortality and Hospital-admissions Data

MISA included the cities of Turin, Milan, Verona, (all in
Northern Italy), Bologna, Ravenna, Florence, and Rome
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(Central Italy), and Palermo (Southern Italy). Death
certificates and hospital-admissions data were obtained,
respectively, from local health authorities and from
regional files. Mortality data were not available for
Ravenna and Verona. For each city, we focused on the
daily counts of deaths and hospital admissions of the
resident population. Given the purpose of the study,
deaths and hospital admissions that occurred outside
the city area were excluded from the analysis. Total mor-
tality from all causes excluding external causes (ICD.9:
≤ 800), cardiovascular mortality (ICD.9: 390-459), and
respiratory mortality (ICD.9: 460-519) were considered.
The same procedure was used for retrieving hospital
admissions for cardiac (ICD.9: 390-429) and respiratory
(ICD.9: 460-519) acute conditions.

The periods under study and the average numbers
of daily health related events in each city are summa-
rized in Table 1. Databases included mortality, hospital
admissions, air pollution, and weather data for the
second half of the 1990s. For Turin, Rome, and Milan
data for the first half of the 1990s were also available:
these were included in the study, as a separate dataset,
in order to allow for analyses of time trends of the asso-
ciations. Ravenna participated only with hospital-
admissions data for the period 1990–1995. For Verona,
only respiratory hospital-admissions data for the period
1995–1999 were available.

Daily Pollutants

Air pollution data were obtained from the Regional
Environmental Protection Agencies or from local
sources.5 The monitoring network established in each
city provided the results of measurements of air pollu-
tants. Data from monitors with more than 25% missing
measurements were excluded from the city datasets.

Monitoring stations located in sites largely influenced
by local traffic were excluded.7

The daily mean concentrations of sulfur dioxide
(SO2), nitrogen dioxide (NO2), total suspended parti-
cles (TSP), and fine particles (PM10) were considered;
the daily levels of ozone (O3) and carbon monoxide
(CO) were summarized as the maximum eight-hour
moving averages of the hourly measurements.

Daily statistics for pollutant concentrations were
considered to be missing when more than 25% of
hourly data were not available. For each city, missing
data in one monitor were imputed as the average of
the data from the remaining monitors, weighted by
the ratio between the annual average of the specific
monitor and the general annual average of all the
selected monitors. Missing data for one day were
imputed as the average of data for four days (the pre-
ceding and following days, the same day of the previ-
ous and following weeks).

In Florence and Palermo, PM10 data were available.
For the other cities, we applied conversion factors from
TSP to PM10 (0.6 for Turin and 0.8 for all the other
cities), estimated through validation studies.7 Ozone
concentrations were used only when background mon-
itors were available (Turin, Verona, Bologna, and Flo-
rence). We avoided O3 measurements from monitors
located near traffic sources, where the scavenger role
of nitrogen oxides could have given rise to apparently
low levels of ozone. Moreover, the analysis of the effect
of O3 was limited to the warm period of the year (May 1
through September 30).

Meteorologic data (temperature and relative humid-
ity) were collected by the same air-pollution-monitor-
ing networks and completed with data from monitors
located in the suburbs or (in Milan and Bologna) in
the airports.
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TABLE 1 Average Daily Numbers of Deaths and Hospital Admissions for City and Period*
Causes of Mortality (ICD.9) Hospital Admissions______________________________________________ ___________________________

All Natural Cardiovascular Respiratory Cardiac Respiratory
< 800 390–459 460–519 390–429 460–519

Turin
1991–94 21.3 9.5 1.2
1995–98 20.9 8.7 1.4 18.2 12.5

Milan
1990–94 28.6 11.4 1.9 34.0 15.8
1995–97 29.1 11.4 2.0 44.7 21.9

Verona, 1995–99 6.2
Ravenna, 1991–95 6.5 2.5
Bologna, 1996–98 12.1 4.9 0.9 11.7 7.3
Florence, 1996–98 11.5 4.9 0.8 12.9 5.3
Rome

1992–94 56.4 23.6 3.0
1995–97 56.6 23.0 2.9 86.9 43.1

Palermo, 1997–99 14.1 5.6 0.9 31.1 29.3

*Empty cells indicate no available data.



Summary statistics of daily concentrations of air pol-
lutants, temperature, and relative humidity are
reported in Table 2.

METHODS

City-specific Analysis

In the first stage of the analysis, daily time series of total
and cause-specific mortality and morbidity were mod-
eled with respect to each air pollutant separately for
each city, using common models defined on the basis
of a structured exploratory analysis. City-specific model
selection was not done.

The core model consisted in a generalized linear
model for Poisson data, with cubic regression splines of
time trend to control for seasonal fluctuations of mor-
tality.8 Analysis was age-adjusted (< 65, 65–74 years, and
≥ 75 years).

For mortality data, indicator variables for season
were included in the model for the first two age groups,
and a cubic regression spline with 5 degrees of freedom
per year was defined for the last age group. For hospi-
tal admission data, separate splines of time were speci-
fied for the three age classes, whose degrees of freedom
varied from 5 to 7 per year. Knots of natural cubic
splines were placed evenly throughout the values .

Dummy variables were used to model the confound-
ing effect of day of the week and holidays. The model
for morbidity data included interaction terms between
day of the week and age class.

We controlled for the age-specific effect of influenza
epidemics, specifying for each city an indicator of days
of epidemic. A day of epidemic was defined on the
basis of an appropriated smoothing function of daily
counts of hospital admissions for influenza or daily
counts of deaths from natural causes in the elderly
(> 74 years old), which turned out to be a stable indi-
cator of influenza epidemic.5

Since the exploratory analysis indicated a typical “v”
shape of the relationship between average daily tem-
perature and mortality, we decided to model the effect
of current temperature on daily counts of deaths
through two linear terms constrained at 21° C, having
observed minimum risk around this value in every city.
We took into account also the lagged effect of temper-
ature by including in the model a linear term for the
difference between current temperature and mean
temperature of the previous three days. This term is
nearly uncorrelated with the previous ones, assuring
more stable estimates. Linear and quadratic terms
modeled the effect of relative humidity. For morbidity
data, linear terms for current temperature, its differ-
ence from lagged temperature, and relative humidity
were specified.

All the models included the interaction term
between temperature and age class.

Only single-pollutant models were specified. For
each pollutant, analyses were conducted separately for
all lags from 0 to 3 days and some distributed lags (aver-
ages of lags 0–1, 1–2, and 0–3 days). We considered only
linear effects of each pollutant.

With regard to the relationship between ozone levels
and cause-specific morbidity during the warm season,
we included in the model an indicator of the mass
departure for the holidays (corresponding to the big
industries’ closing period) and the lower number of
hospital beds available during the summer.

Model adequacy was checked by residual analysis.
Sensitivity analyses were performed considering non-
linear pollutant effect and nonlinear confounding
effect of temperature. No substantial difference was
found (data not shown).

All the city-specific analyses were performed using R
1.8 software (the R Development Core Team, 2003, R
Language Version 1.8, ISBN 901167-55-2, <http://cran.
r-project.org>).

Combined Analysis

In the second stage of the analysis, the city-specific esti-
mates were combined.

Initially, classical meta-analytic methods were
applied to each pollutant and each health outcome. We
calculated fixed-effects overall estimates separately for
each outcome variable and for each pollution variable.
To check the robustness of the results, random-effects
models were also specified,9 even when the homogene-
ity test Q did not detect significant heterogeneity
among cities.

Let �̂c and �̂2
c , respectively, represent the estimate of

log rate ratio and the estimate of its variance for the c-
th city (c = 1, . . . , C). Fixed-effects overall estimates were
calculated as simple weighted averages of estimated city-
specific coefficients �̂c , with weights inversely propor-
tional to the estimated within-cities variability  �̂2

c . On the
other hand, the random-effects overall means were
obtained as weighted averages with weights inversely
related to  �̂2

c + �̂2. The DerSimonian and Laird estimate
of among-cities heterogeneity variance, �2, was used here.

We then focused on the effects of particulate matter.
Random-effects Bayesian meta-analyses were per-
formed. On one hand, this analysis can be seen as a
sensitive analysis of the classical approach to a more
accurate estimate of inter-city heterogeneity variance
and its uncertainty. On the other hand, the Bayesian
approach provides more accurate estimates of the PM10
effect, which is our primary interest. It takes into
account uncertainty in the heterogeneity variance esti-
mate, including in the analysis the whole posterior dis-
tribution of �2, rather than a single estimate.

We postulated that the first-stage city-specific esti-
mates were independent realizations from Gaussian
populations with mean �c and known variance �̂2

c :
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TABLE 2 Mean Daily Concentrations of Urban Pollutants and Weather Variables* (Warm Season: May–September)
SO2 NO2 CO PM10 O3† O*3 Temperature Humidity

(µg/m3) (µg/m3) (mg/m3) (µg/m3) (µg/m3) (µg/m3) (° C) (%)

Turin, 1991–94 (3 monitors)
Average 32.8 84.0 5.8 77.6 77.8 108.1 14.0 62.8
95° perc. 91.0 134.3 11.5 160.2 164.4 26.3 96.0
Maximum 151.2 256.9 24.7 257.2 219.4 219.4 29.1 100.0
Not available 3 16 3 1 434 49 0 0

Turin, 1995–98
Average 17.8 74.9 4.0 63.8 66.0 111.7 14.3 61.1
95° perc. 43.7 119.1 7.9 123.8 153.4 25.6 95.0
Maximum 81.4 193.9 19.8 180.0 217.4 217.4 29.2 100.0
Not available 8 4 7 1 201 149 0 0

Milan, 1990–94 (4–5 monitors)
Average 40.9 105.8 5.9 61.8 13.8 68.2
95° perc. 131.2 180.8 11.4 118.7 26.5 93.7
Maximum 290.8 309.0 26.5 273.0 29.7 99.9
Not available 0 0 0 63 0 3

Milan, 1995–97
Average 18.4 86.5 4.0 45.2 13.7 65.3
95° perc. 48.9 131.0 8.0 81.4 25.3 97.4
Maximum 90.0 214.0 12.3 126.4 29.1 100.0
Not available 0 0 0 3 0 4

Verona, 1995–99 (4 monitors)
Average 6.6 57.8 2.5 36.5 73.8 117.6 14.9 76.8
95° perc. 15.7 92.6 4.9 70.1 161.5 176.4 26.7 100.0
Maximum 33.8 161.3 10.2 122.4 226.0 225.6 31.7 100.0
Not available 0 0 0 0 0 0 0 0

Ravenna, 1991–95 (2 monitors)
Average 19.6 60.5 1.8 59.1 14.3 78.4
95° perc. 46.0 92.0 3.0 116.0 27.0 95.0
Maximum 83.0 175.0 7.0 216.0 30.0 100.0
Not available 378 40 53 550 40 103

Bologna, 1996–1998
(2–3 monitors)

Average 8.5 60.1 2.4 41.2 75.9 11.2 13.9 69.5
95° perc. 22.1 94.2 5.6 79.3 159.7 172.4 26.0 86.0
Maximum 50.2 120.4 11.1 122.9 215.7 215.6 30.0 95.0
Not available 2 2 7 15 53 9 5 0

Florence, 1996–98 (3–5 monitors)
Average 7.7 70.1 2.7 40.3 79.5 114.3 15.5 68.6
95° perc. 18.1 103.8 5.4 71.2 147.0 168.8 29.6 88.6
Maximum 40.1 141.4 8.7 182.4 210.7 210.7 29.8 98.0
Not available 0 0 0 4 1 1 8 47

Rome, 1992–94 (3–5 monitors)
Average 15.9 97.0 6.5 69.7 16.9 61.6
95° perc. 36.3 134.0 11.7 106.2 27.8 80.0
Maximum 22.3 174.6 22.3 158.7 30.5 94.0
Not available 0 0 0 78 0 0

Rome, 1995–97
Average 8.9 85.8 5.4 59.0 16.6 60.1
95° perc. 18.6 112.7 9.5 79.6 26.7 81.0
Maximum 18.5 150.6 18.5 124.4 29.7 91.0
Not available 27 0 0 125 0 0

Palermo, 1997–99 (6 monitors)
Average 12.5 61.3 2.1 42.9 18.2 28.5
95° perc. 26.1 88.1 3.8 71.6 26.8 73.6
Maximum 63.8 137.8 8.0 203.3 32.3 83.2
Not available 18 2 2 4 9 25

*Empty cells indicate no available data.
†Warm season: May–September.



�̂c = �c + �c

indep.
�c ~ N(0, �̂2

c )

and that each city-specific effect �c was drawn from a
Normal population with mean � and variance �2:

�c = � + uc

indep.
uc ~ N(0, �2)

The two random mechanisms �c and uc were assumed to
be independent. � represents the average effect of pol-
lutant adjusted for the inter-city variation �2.

The Bayesian formulation needs to specify prior dis-
tributions on hyperparameters � and �2. We placed upon
these parameters vague proper priors, in particular

� ~ N(0, 105)

�2 ~ IG(0.001, 0.001)

In this and in the following analyses posterior distri-
butions of parameters have been obtained with Win-
BUGS.10 100,000 iterations (excluding the first 4,000)
were retained. To approximate the marginal posteriors,
only one sample out of 10 was used. Achieved conver-
gence was assessed using the Gelman and Rubin
approach,11 based on three parallel chains.

Sensitivity Analysis

Since only a small number of cities contributed to the
study, information about heterogeneity variance
among cities was limited; thus Bayesian inference could
be strongly influenced by model assumptions. We con-
sidered two aspects of this problem: sensitivity of infer-
ence to the choice of heterogeneity variance prior and
sensitivity of the results to alternative specifications of
random-effects distribution.

First we checked for sensitivity on overall mean esti-
mates, placing alternative priors upon the heterogene-
ity parameter.12 We considered extreme cases, specify-
ing on � normal distributions truncated at zero with
variances equal to 1,000 (Model B) and 0.5 (Model C).
The first distribution is suitably vague, but it lends
more support to high heterogeneity values than
Inverse Gamma with small parameter values. The
second distribution supports small heterogeneity
values, assigning 99% probability to values less than 3.2.

Second, we performed a sensitivity analysis assuming
random effects (i.e., �c) distributed as a Student’s t with
4 degrees of freedom (Model D). The Student’s t dis-
tribution with few degrees of freedom admits heavier
tails than Normal (the tail behavior being regulated by
the degrees of freedom), resulting in more robust

inference in the presence of a limited number of out-
lying observations.13

The sensitivity of the overall effect to model choices
was measured as calibrated Kullback–Leibler distance
between the posterior distribution of � obtained by the
original model and the posterior distribution of �
obtained by each alternative specification. We assumed
the first one as reference distribution, interpreting
Kullback–Leibler distance as loss related to use of an
alternative distribution, when Inverse Gamma would
be the appropriate one (Appendix).

Meta-regression

The Bayesian random-effects model was extended to
analyze variability across cities in a meta-regression
phase. Sources of heterogeneity in short-term effect of
fine particles were investigated specifying regression
models, where city-specific effects changed according
to city-specific explanatory variables. We considered as
possible effect modifiers: calendar period (1990–1994,
1995–1999), SMR for total mortality, percentage of eld-
erly, deprivation index, mean temperature, mean level
of NO2, logarithm of mean concentration of fine parti-
cles (logPM10) and PM10/NO2 ratio. Data on selected
social–demographic characteristics of the eight cities
were obtained from the 1991 Census (Table 3). The
deprivation index used is described by Cadum et al.14

The calendar period was included in each meta-regres-
sion. To avoid post hoc data dredging, separate models
for the remaining explanatory variables, introduced
one at time, were fitted.

Denoting with �̂c j the city-specific estimate in the
j -th period (j = 1 for 1990–1994; j = 2 for 1995–1999)
and with �̂2

c j the corresponding estimated variance, we
assumed:

�̂cj = �cj + �cj

indep.
�cj ~ N(0, �̂2

c j)

Then we expressed the PM10 effect in the city c during
j as

�cj = �j + uc

or

�cj = �j + � � mi
cj + uc

where mi
cj is the observed value of the effect modifier i

in the c-th city during the j-th period and uc is a city-spe-
cific random effect from a Normal distribution with
mean zero and variance �2. The random mechanisms
that generate �cj and uc were assumed independent. �2

expresses the portion of variability among cities that is
not explained by covariates, which is usually referred to
as residual heterogeneity.
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Non-informative priors were used: vague Normal
distributions on regression coefficients and Inverse
Gamma with small parameter values on �2.

Analysis by Season

The PM10–total mortality rate ratio in 1995–1999 was
further studied investigating the effects of particulate
matter during cold and warm seasons. First we speci-
fied city-specific models where an interaction term
between PM10 concentration and season was included.
Then, a random-effects Bayesian model was used to
combine the estimated coefficients �̂cs, s denoting
season (s = 1 for warm season: May–September; s = 1 for
cold season: October–April).

We specified two different models. The first one
assumed that both particle effect and variability among
cities were season-dependent. Let �cs represent the par-
ticles effect in the c-th city during the s-th season. We
assumed

�̂cs = �cs + �cs

�cs = �s + uc + vcs

indep.
�cs ~ N(0, �̂2

c s)

indep.
uc ~ N(0, �2)

indep.
vcs ~ N(0, v2

s)

where vcs are city–season-interaction random terms
introduced to model seasonal differences in hetero-
geneity among cities (variance heterogeneity in the s-th
season being �2 + v2

s). All random mechanisms in the
model were assumed independent.

The second model did not include interaction
random effects, defining only one heterogeneity
parameter:

�cs = �s + uc

Vague priors were specified on hyper-parameters:

indep.

�s ~ N(0, 105)

�2 ~ IG(0.001, 0.001)

indep.

vs ~ IG(0.001, 0.001)

Analysis by Age

Identifying possible subgroups of the general popula-
tion that are more susceptible to short term effects of
air pollution is a relevant issue.15 Age-specific effects of
fine particles on total mortality were calculated sepa-
rately for each city, including age–pollutant interaction
terms in the generalized additive model specification.
Eventually, several alternative Bayesian hierarchical
models were defined to combine the first-stage age-spe-
cific estimates. We specified multivariate and univariate
meta-analytic models and different linear predictors or
correlation structures among age-specific terms. Model
selection was performed using the deviance informa-
tion criterion.16 The minimum DIC corresponded to
the following model:

�̂ca = �ca + �ca

�ca = �h + uc + vch

indep.
�ca ~ N(0, �̂2

c a)
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TABLE 3 City-specific Explanatory Variables
% Temperature NO2 PM10

Population Deprivation (Mean) (Mean) (Mean)
Population > 65* Index SMR (°C) (µg/m3) (µg/m3) NO2/PM10

Turin
1991–94 962,507 16.8 1.8 97.9 14.0 84.0 77.6 1.1
1995–98 14.3 74.9 63.8 1.2

Milan
1990–94 136,9231 18.2 0.7 97.5 13.8 105.8 61.8 1.7
1995–97 13.7 86.5 45.2 1.9

Verona, 1995–99 255,824 17.8 0.3 95.2 14.9 57.8 36.5 1.6
Ravenna, 1991–95 135,844 18.0 –1.6 84.2 14.3 60.5 59.1 1.0
Bologna, 1996–98 404,378 23.4 0.0 92.6 13.9 60.1 41.2 1.5
Florence, 1996–98 403,294 22.0 –0.1 90.6 15.5 70.1 40.3 1.7
Rome

1992–94 2,775,250 14.5 –0.1 102.2 16.9 97.0 69.8 1.4
1995–97 16.6 85.8 50.6 1.7

Palermo, 1997–99 698,556 11.4 2.6 122.4 18.2 61.3 42.9 1.4

*As of the 1991 Census.



indep.
uc ~ N(0, �2)

indep.
vch ~ N(0, v2

h)

where a denotes age groups (0–64, 65–74 and ≥ 75); h
denotes two age classes less than 65 and more than 65
years. All random mechanisms that express the within-
and among-cities variability were supposed to be mutu-
ally independent. The model assumes different
expected values (�h) and different variability among
cities (�2 + v2

h) of the effects of fine particulate matter
on younger (0–64) and older (≥ 65) population.

According to DIC and Kullback–Leibler divergence,
a good alternative consisted in the simpler model with-
out vch interaction random terms (age-independent
heterogeneity):

�ca = �h + uc

Details of model selection are available in Baccini et al.17

Over-dispersed Normal priors were defined on �h
and vague Inverse Gamma, were specified on �2 and v2

h.

RESULTS

Table 4 summarizes the results by fixed- and random-
effects meta-analyses. The results are presented as %

change in numbers of deaths, or hospital admissions,
associated with a 10 µg/m3 increase of air-pollutant
concentrations (1 mg/m3 for CO) at lag 0–1 for mor-
tality and at lag 0–3 for hospital admissions. With
regard to total mortality and mortality for cardiovascu-
lar diseases, all the pollutants, including ozone during
the warm season, showed positive and statistically sig-
nificant associations. For respiratory mortality and hos-
pital admissions, significant increases were found for
NO2 and for CO. In general, the effect estimates were
larger for cardiovascular and respiratory-disease mor-
tality than for total mortality. On the other hand, the %
increase in hospitalizations for cardiovascular diseases
tended to be similar or even higher when compared
with hospitalizations for respiratory diseases.

Overall estimates using fixed- or random-effects
models tended to be similar with the exception of PM10.
In fact, the effects of PM10 showed the highest inter-city
variability. The homogeneity test Q result was significant
for total mortality (Q = 15.2, df = 5), respiratory mortal-
ity (Q = 20.5, df = 5), cardiovascular mortality (Q = 12.1,
df = 5), and respiratory morbidity (Q = 21.1, df = 6). It did
not detect significant inter-city heterogeneity for cardiac
morbidity (Q = 7.9, df = 5). Considering the random-
effects model, the estimated % changes associated with a
10 µg/m3 increase in PM10 concentration were 0.98
(95% CI: 0.35, 1.61), 1.21 (0.32, 2.10), and 1.41 (–1.41,
4.32) for total, cardiovascular, and respiratory mortality,
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TABLE 4 Overall Estimates (95% CI) of Pollutants’Effect in 1995–99 by Fixed-effects and Random-effects Models

Mortality Hospital Admissions________________________________________________ _____________________________
All Natural Cardiovascular Respiratory Cardiac Respiratory

Causes Causes Causes Causes Causes

SO2

Fixed 1.38 1.70 2.52 4.00 0.14
(0.41,2.37) (0.14,3.28) (–1.27,6.46) (2.86,5.16) (–1.25,1.55)

Random 1.43 1.70 2.52 3.97 0.14
(0.37,2.51) (0.14,3.28) (–1.27,6.46) (2.46,5.50) (–1.25,1.55)

NO2

Fixed 0.93 1.31 1.43 1.87 1.53
(0.58,1.27) (0.76,1.85) (0.08,2.79) (1.50,2.24) (1.05,2.01)

Random 0.93 1.31 1.42 1.57 1.55
(0.58,1.27) (0.76,1.85) (0.05,2.81) (0.72,2.43) (0.87,2.23)

CO
Fixed 0.93 1.29 2.44 2.92 1.18

(0.50,1.36) (0.62,1.96) (0.74,4.17) (2.42,3.43) (0.53,1.82)
Random 0.93 1.29 2.47 2.65 1.53

(0.50,1.36) (0.62,1.96) (0.14,4.85) (1.11,4.22) (0.50,2.56)
PM10

Fixed 0.85 0.97 1.74 0.77 0.73
(0.52,1.18) (0.45,1.50) (0.44,3.05) (0.40,1.15) (0.27,1.20)

Random 0.98 1.21 1.41 0.82 0.91
(0.35,1.61) (0.32,2.10) (–1.41,4.32) (0.32,1.32) (–0.04,1.86)

O3 (warm season)
Fixed 0.82 1.43 –0.28 –0.53 0.01

(0.17,1.49) (0.36,2.50) (–2.95,2.47) (–1.33,0.27) (–0.91,0.94)
Random 0.89 1.43 –0.21 –0.53 0.01

(0.04,1.74) (0.36,2.50) (–3.81,3.53) (–1.35,0.29) (–0.91,0.94)



respectively. The changes in hospital admissions were
0.82% (0.32, 1.32) and 0.91% (–0.04, 1.86) for cardiac
and respiratory causes, respectively.

Comparing the results of conventional and Bayesian
random-effects meta-analyses (Table 5), the confi-
dence/credibility intervals of overall means were
widest with the Bayesian approach, but significance was
retained. The estimated % changes with the Bayesian

approach were 0.96 (95% CrI: 0.24, 1.77) for total mor-
tality, 1.13 (0.27, 2.25) for cardiovascular mortality and
1.38 (–2.58, 5.22) for respiratory mortality. Percent
increases of 0.81 (0.32, 1.38) and 0.90 (–0.18, 2.16)
were estimated for cardiac and respiratory hospital
admissions, respectively.

The inference on overall means did not appear par-
ticularly sensitive to choice of the heterogeneity vari-
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TABLE 5 Overall Estimates of PM10 Effects on Total Mortality, Mortality for Cardiovascular and Respiratory Diseases,
and Hospital Admissions for Cardiac and Respiratory Diseases in 1995-1999 by Fixed-effects, Random-effects
and Bayesian Random-effects Models (Percentage Changes and 95% Credibility Intervals)

Mortality Hospital Admissions________________________________________________ _____________________________
All Natural Cardiovascular Respiratory Cardiac Respiratory

Causes Causes Causes Causes Causes

Fixed effects 0.85 0.97 1.74 0.77 0.73
(0.53,1.18) (0.45,1.50) (0.44,3.05) (0.40,1.15) (0.27,1.20)

Random effects 0.98 1.21 1.41 0.82 0.91
(0.35,1.61) (0.32,2.10) (–1.41,4.32) (0.32,1.32) (–0.04,1.86)

Bayesian
Model A 0.96 1.13 1.37 0.81 0.90

(0.24,1.77) (0.27,2.25) (–2.58,5.22) (0.32,1.38) (–0.18,2.16)
Model B 0.98 1.22 1.31 0.85 0.97

(–0.001,2.01) (–0.01,2.60) (–3.76,6.16) (0.15,1.70) (–0.37,2.50)
Model C 0.97 1.15 1.71 0.82 0.94

(0.27,1.69) (0.34,2.11) (0.02,4.66) (0.26,1.45) (0.04,1.94)
Model D 0.90 1.11 1.52 0.80 0.94

(0.21,1.66) (0.22,2.19) (–2.32,5.12) (0.31,1.34) (–0.10,2.08)

*Model A: �2 ~ IG(0.001, 0.001); Model B: � ~ N(0, 103) truncated at 0; Model C: � ~ N(0, 0.5) truncated at 0; Model D: random
effects ~ t(4).

Figure 1—First-stage and overall estimates of PM10 effects on total mortality and hospital admissions for cardiac and
respiratory diseases by fixed-effects, random-effects and Bayesian models.



ance prior (Table 5 and Figure 2). The Kullback–
Leibler distances between the posterior distribution of
� under the reference model and each of the alterna-
tive models were quite small. They were maximum
when half-normal distributions with high variance were
specified on � (model B in Table 5). In this case, the
calibrated values of the Kullback–Leibler distances (q)
were greater than 0.70 for total mortality and cardiac
hospital admissions. It should be noticed that the point
estimates of the overall effects did not change substan-
tially, while wider credibility intervals were obtained.

The Normal–Normal model appeared robust to the
presence of outlying city-specific estimates (model D in
Table 5 and Figure 3). Defining a heavy tailed distribu-
tion on random effects, we obtained no contradictory

results in terms of overall estimates. The highest Kull-
back–Leibler distance between the reference model
and the alternative model was calculated for total mor-
tality (q = 0.65). The estimated overall % change was
0.90 under the model with t distributed random effects
versus 0.96 under the Normal–Normal model, while
the 95% credibility limits were similar.

An interesting inference on the city-specific effects
can be based on the posterior distributions of the city-
specific parameters. Table 6 presents the first-stage
estimates of PM10 effects and the posterior distribu-
tions of parameters obtained from the Bayesian
models by their means and 95% credibility intervals
(CrI) for all the outcome variables, showing the
improvement in precision and the shrinkage of effect
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Figure 2—Posterior distribution
of % excess of deaths from all
natural causes per 10 µg/m3

under alternative specifica-
tions of the heterogeneity vari-
ance prior.

Figure 3—Posterior distribu-
tion of % excess of deaths
from all natural causes per 10
µg/m3 under alternative
specifications of random
effects distribution.



estimates toward the overall means introduced by the
Bayesian modeling.

A North–South gradient in increase in risk is sug-
gested for mortality by both first-stage estimates and city-
specififc posterior estimates (Figure 1, Table 6). How-
ever, it is evident that the city of Palermo is an outlier.

In the Bayesian meta-regressions, the city-specific
explanatory variables were considered possible effect
modifiers when they explained a substantial part of inter-

city variability. Changes in posterior distributions of
residual heterogeneity variance indicated that SMR was
associated with greater effects of fine particles (Figure 4,
Table 7). The overall effect on hospital admissions for
cardiac diseases appears slightly modified by the
NO2/PM10 ratio. Negative meta-regression coefficients
were found for the logarithm of mean PM10 concentra-
tion, indicating possible nonlinearity of the concentra-
tion–response curve (Figure 5). This effect is more evi-
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TABLE 6 First-stage Estimates and Bayesian Posterior Means of City-specific PM10 Effects on Total Mortality and
Hospital Admissions for Cardiac and Respiratory Diseases in 1995–99*

Mortality Hospital Admissions___________________________ ____________________________________________________________
All Natural Causes Cardiac Causes Respiratory Causes___________________________ ___________________________ ___________________________

First Stage Bayesian First Stage Bayesian First Stage Bayesian
(95% CI) (95% CrI) (95% CI) (95% CrI) (95% CI) (95% CrI)

Milan 0.24 0.51 1.06 0.87 0.51 0.60
(–0.53,1.02) (–0.25,1.17) (0.32,1.81) (0.37,1.46) (–0.57,1.59) (–0.36,1.56)

Turin 0.56 0.66 0.33 0.66 1.54 1.37
(0.05,1.08) (0.15,1.13) (–0.43,1.09) (0.03,1.16) (0.65,2.44) (0.52,2.26)

Verona 1.62 1.22
(–0.46,3.74) (–0.22,2.92)

Bologna 0.61 0.80 1.25 0.86 1.53 1.20
(–0.58,1.83) (–0.13,1.68) (–0.27,2.79) (0.23,1.71) (–0.33,3.44) (–0.12,2.79)

Florence 0.95 0.95 2.61 1.00 3.91 1.91
(–0.51,2.43) (–0.03,2.00) (0.79,4.46) (0.35,2.39) (1.04,6.86) (0.16,4.46)

Rome 1.18 1.07 0.88 0.82 –1.24 –0.59
(0.40,1.97) (0.44,1.79) (0.10,1.68) (0.31,1.39) (–2.36,–0.10) (–1.86,0.76)

Palermo 2.61 1.77 0.15 0.64 0.59 0.65
(1.56,3.67) (0.71,3.01) (–0.80,1.11) (–0.12,1.18) (–0.37,1.55) (–0.23,1.51)

*Empty cells indicate no available data.

TABLE 7 Results of Bayesian Meta-regressions of PM10 Effects on Total Mortality

Residual
% ChangeHeterogeneity
(95% CrI)Coefficient One-side (95% CrI) _____________________________

Model (95% CrI) Probability (� 106) 1990–94 1995–99

Mortality from all natural causes
M0 0.419 0.78

(0.001,2.290) (0.24,1.54)
M1 = M0 + Period* 0.256 0.60 0.90

(0.001,1.614) (0.14,1.34) (0.40,1.52)
M1 + SMR 0.06 0.99 0.071

(0.02,0.11) (0.001,0.447)
M1 + %Pop: > 65 –0.005 0.91 0.303

(–0.01,0.003) (0.001,1.880)
M1 + depr.index 0.34 0.93 0.516

(–0.18,1.01) (0.001,2.218)
M1 + NO2 –0.01 0.71 0.438

(–0.05,0.05) (0.001,2.730)
M1 + log(PM10) –1.61 0.89 0.327

(–4.99,1.36) (0.001,1.963)
M1 + NO2/PM10 0.56 0.64 0.695

(–1.69,4.14) (0.002,3.910)
M1 + Temp. 0.20 0.93 0.290

(–0.06,0.56) (0.001,1.648)

*M0 is the null model.



dent for mortality, where we found a posterior probabil-
ity that the coefficient is less than 0 equal to 0.89.
Greater risk estimates were calculated for the calendar
period 1995–1999 for total mortality and cardiac mor-
bidity, despite the lower average levels of air pollution
observed.

In order to study the effect of fine particulate matter
on total mortality by season in 1995–1999, two alterna-
tive Bayesian models were considered (see the Discus-
sion), whose results are reported in Table 8. On the
basis of the minimum DIC criterion, the most complex
model seems to describe the problem better, highlight-
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Figure 4—Posterior distributions
of residual heterogeneity vari-
ances from the meta-regres-
sion models for total mortality.

Figure 5—Posterior distributions of meta-regression coefficients of the effect modifiers for total mortality and hospital
admissions for cardiac and respiratory diseases.

)



ing a significant difference of inter-city variability by
season. As a sensitive analysis, we reported also the
results of the simplest model, as it is sometimes prefer-
able to estimate a single variance, rather than allowing
heterogeneity to vary according to groups, especially
when only few estimates are to be combined. The fine-
particle effect appeared higher during the warm
season (2.53%, 95% CrI: 1.30, 3.85, using the most
complex model) than during the cold season (0.54%,
95% CrI: –0.21, 1.35). Figure 6 shows the posterior dis-
tributions of % changes associated with a 10 µg/m3

increase of pollutant level obtained by the most com-
plex model.

Results of the by-age analysis are reported in Table
9 and shown in Figure 7 (they refer to the period
1995–1999). The two models presented (see the Dis-
cussion below) are nearly equivalent in terms of DIC.
Both of them allow different risks for young (< 65
years) and for elderly people (> 65 years), without
making a distinction between the PM10 effects in the
65–74 and ≥ 75 year age classes. They provided simi-

lar overall effect estimates. Using the most complex
model, the estimated % increase in mortality was 0.55
(–0.51, 1.74) for the young and 1.06 (0.21, 1.95) for
the old, which suggests that the elderly are more sus-
ceptible to the effects of fine particles effect.

DISCUSSION

Methodologic Issues

MISA has been the first attempt to investigate system-
atically the short-term effects of air pollution in an
important segment of the Italian population. It
enrolled an overall population of 7 million and
included all the major Italian cities, with the exception
of Naples. Its originality consisted in the fact that—
although the study was based retrospectively on exist-
ing databases—city-specific datasets were created
through the retrieval of data with standard criteria and
the analysis was based on a common protocol derived
from a structured exploratory analysis. This allowed
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TABLE 8 Bayesian meta-analysis results of PM10 effect on total mortality in warm and cold seasons
Heterogeneity

% Change KL (95% CrI
Model (95% CrI) Pr(% Change > 0) (q) (� 106) DIC

�cs = �s + uc + vcs

Warm season 2.53 0.999 ref. 1.369
(1.30,3.85) (0.015,6.756) 14.60

Cold season 0.54 0.937 ref. 0.599
(–0.21,1.35) (0.009,3.064)

�cs = �s + uc

Warm season 2.43 � 1 0.157
(1.58,3.30) (0.76) 0.436 22.66

Cold season 0.52 0.953 0.017 (0.001,2.314)
(–0.12,1.23) (0.59)

Figure 6—Posterior distribu-
tions of PM10 effects on total
mortality in cold and warm
seasons.



for credible inter-city comparisons and satisfied a
major requirement for the reliability of the overall
meta-analysis.

A major strength of MISA is that it included cities
that had been identified a priori, with unbiased crite-
ria, on the basis of the availability of data and of the
interest of local investigators. This has been the case
also for two recent major studies based on temporal
series, i.e., the European study known as APHEA3,18

and the NMMAPS study in the United States,1 as well as
for national metanalyses in other countries such as
Canada,19 China,20 France,21 Germany,22 Japan,23

Korea,24 The Netherlands,25 Spain,26,29 and large cities
studies in Brazil30–33 and Mexico.34–36

In order to obtain an overall picture of air-pollution
effects for the eight cities included in the study, the
classical methods of meta-analysis were used. Given the
importance of exposures to fine particulate matter that
has been postulated,37 more detailed analyses were con-
ducted on this pollutant, fitting meta-analytic hierar-
chical Bayesian models. Finally, particular importance
was given to the choice of the models and to sensitivity
analyses of the results.

In spite of the attention given to these methodologic
features and of the sophistication of the statistical
approach, the study—like other comparable metanaly-
ses—may have been affected by a number of sources of
imprecision and bias. In the first place, in each city, the
number of monitoring stations was small and their rep-
resentativeness of the actual pollution of the residents’
atmosphere was limited. Not all monitoring stations
provided data on the atmospheric concentrations of
PM10, different analytic methods for this pollutant were
used in different cities, and different conversion coeffi-
cients were applied. These discrepancies may have con-
tributed to variability of findings between cities.

As for outcomes, the mortality data are excellent for
deaths from all natural causes and good for deaths
from the large groups of cardiovascular and respiratory
causes. On the other hand, and although the study pro-
tocol was accurate with regard to the selection of hos-
pital admissions for acute conditions, the overall qual-
ity of hospital admission data and their comparability
throughout Italian regions have not yet been properly
assessed in the calendar period covered by our study. In
addition, the filing criteria for admissions for acute
conditions changed around 1995, so that the credibility
of temporal comparisons in Turin, Milan, and Rome is
limited. Further, hospital admissions rely on the avail-
ability of beds, the offer of which may be restricted
during the summer. These factors might explain the
fact that the heterogeneity between cities seems to be
greater in the analyses of hospital admissions that in
the analyses of mortality.

Another limitation of the analysis consists in having
fitted models with only one pollutant at a time. On
the basis of some results suggesting confounding
between NO2 and PM10,

1,18 bipollutant models might
have been appropriate for PM10. However, since the
pollutants showed high collinearity, the statistical sta-
bility of estimates obtained through multivariate
analyses would have been compromised. In addition,
some reports are reassuring about the existence and
extent of confounding.38

In the regression models, pollutants were introduced
as simple linear terms. The issue of potential nonlinear-
ity of the dose–response curve has not been addressed.
On the other hand, for each pollutant, the range of con-
centrations was not particularly wide and, more impor-
tant, we tested for nonlinearity in the meta-regression
phase. This approach is consistent with previous find-
ings, with which our results are directly comparable.39–41
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Figure 7—Posterior distributions
of PM10 effects on total mortal-
ity for young (≤ 65 years) and
elderly (65+ years) people.



Particular attention has been given to modeling
issues. A justification of the methods used in the city-
specific analysis is reported elsewhere.42 In short, natu-
ral cubic splines for season were used to assure unbi-
ased estimates of the effects of pollutants and their
standard errors instead of generalized additive models
via backfitting or penalized likelihood. A sensitivity
analysis has been previously reported.17

Findings

Beyond these methodologic aspects, results of the Italian
meta-analysis definitely provide additional evidence of
an association between air pollution and early mortality
or morbidity. The meta-analysis has shown a clearcut and
statistically significant association between the concen-
tration of each of the five pollutants and most of the end-
points included in the study, i.e., daily mortality for all
natural causes, mortality for cardiovascular and for res-
piratory conditions, hospital admissions for heart condi-
tions and for respiratory conditions. All effects were
stronger in the elderly. As for mortality, the only esti-
mates that were not statistically significant regarded the
associations between both PM10 and ozone and mortality
from respiratory causes. As for hospital admissions, only
the associations among ozone and the endpoints con-
sidered were not statistically significant. Although the
concentrations of pollutants were higher in the early
1990s compared with later years, many associations (i.e.,
the percentage changes of the endpoints associated with
unit increments of individual pollutants) were stronger
in the latter than in the former period.

Compared with estimates in the United States4 and in
the multicentric APHEA-2 European study (which
included countries in both Northern and Southern
Europe), the size of the effect seems to be greater in
Italy. However, the PM10 characterization in MISA is not
comparable to that in APHEA.

Interestingly, MISA indicates a North–South gradi-
ent in Italy. The nature of the factors that could be
responsible for the stronger effect associated with a

warmer-climate difference can only be postulated. It
has been pointed out that in warmer areas people live
a greater number of days with open windows.5 An effect
modification from high temperature (and perhaps
other meteorologic features typical of the hot season)
is another possibility.

In the present study, the interaction between pollu-
tion and seasonality was investigated only for PM10 and
only for total mortality. Although estimates differed
between cities, all showed higher risks during the
summer months. The ratio between the effect during
the warm months and the corresponding effect during
the cold months was highest in cities in Northern Italy.

For all pollutants, the associations with mortality
from all natural causes were stronger after 75 years of
age than earlier in life. As suggested by others,43 it is
obvious that there are particularly vulnerable segments
of the population, and that the elderly are one of these.
The test of heterogeneity of a role of age in determin-
ing the effects was statistically significant for CO and
PM10 but not for SO2 and NO2.

In the three towns for which comparisons between
early and late 1990s were possible, a time-related trend
towards decreases in the concentrations of all air pol-
lutants was obvious (Table 2). The decrease was
marked (about 50%) for SO2, and more limited for the
other pollutants. In the late 1990s, in the eight cities,
the medians of the daily average concentrations of
PM10 ranged from between 31 µg/cm to 58 µg/cm.
Although these values may have been affected by the
limits of the analytic methods used, most of them were
above the annual average of 40 µg/cm indicated by the
EU directive 1999/30/CE of April 22, 1999.

There were some variations in the delays of the
appearance of early effects of changes in the concen-
trations of pollutants. As for mortality, higher and more
stable risk estimates were identified with a lag of 1–2
days than with a shorter interval. On the other hand,
the greatest effects on hospital admissions were
observed in relation to the average concentrations
during the three preceding days.
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TABLE 9 Bayesian meta-analysis results of PM10 effect on total mortality by age*
Heterogeneity

% Change KL (95% CrI
Model (95% CrI) Pr(% Change > 0) (q) (� 106) DIC

�cs = �h + uc + vch

0–64 years 0.55 0.862 ref. 0.873
(–0.51,1.74) (0.009,4.484) 12.44

65+ years 1.06 0.987 ref. 0.843
(0.21,1.95) (0.021,3.749)

�cs = �h + uc

0–64 years 0.51 0.852 0.014
(–0.47,1.52) (0.58) 0.669 13.40

65+ years 1.08 0.993 0.015 (0.004,3.299)
(0.33,1.92) (0.59)



Interpretation and Future Perspectives

Two major limitations of MISA are that the study was
based on aggregated data, thus allowing for some sort
of ecologic bias, and that the analyses were carried out
separately for each of the five pollutants. Nevertheless,
most findings were consistent (at least in terms of the
sign of the association) between Italian cities, and the
results of the Italian meta-analysis are consistent with
other European and North American estimates. A 10
µg/cm increment in the concentration of SO2, NO2, or
PM10 and a 1 µg/cm increment for CO are associated
with increases of all endpoints ranging between 0.9%
and 1.4%. Thus, MISA provides additional and inde-
pendent evidence of the association between air pollu-
tion and the early endpoints considered.

On the other hand, results of a meta-analysis based on
data from eight towns are reliable to the extent to which
heterogeneity between towns is relatively low. This seems
to be the case for most variables related to mortality, with
the exception of effects of PM10 (which were particularly
strong in Palermo). However, most estimates regarding
hospital admissions are based on heterogeneous find-
ings, and part of this heterogeneity can be attributed to
differences in the quality of the raw data.

In the present analysis, temperature and humidity
were considered as possible confounding variables.
However, in the association between air pollution and
health, their roles might be more complex. The effect
of temperature on health is nonlinear, and it might
differ between areas with different climates, such as
Italian regions. In addition to their obvious impacts on
lifestyle (number of hours spent in open spaces), tem-
perature and humidity might physico-chemically
modify dusts and their effects.

In conclusion, the methodologic issues raised by
MISA and similar studies, the identification of new and
hitherto unraveled features of the association between
air pollution and health, and the need for a wider
knowledge of risks associated with public health in Italy
warrant the implementation of larger studies, which in
fact are on the way.

Given the uncertainties (not all of which are statisti-
cal) of MISA, it was decided not to attempt to estimate
the numbers of deaths and other health events attrib-
utable to air pollution in the cities included in the
study. However, the severity of the problem of air pol-
lution, in terms of public health, can be assessed
through a comparison of current levels of individual
pollutants and the limits indicated by the 1999 Direc-
tive of the European Union. We hope that MISA will
contribute to increasing the awareness of Italian health
authorities of the need for prompt action.

APPENDIX

The Kullback–Leibler distance between two distributions f0(t)
and f1(t), taking f0(t) as reference, is given by:

f1(t)
KLf0

(f0, f1) = � log ––––– f0(t)dt
f0(t)

To obtain a simple approximation of the Kullback–Leibler
distance, we supposed that the posterior distribution of the
overall effect was Normal. Let f0 and f1 represent the posterior
distributions of � obtained, respectively, by the reference and
the alternative model. We calculated:

(m1 – m0)
2 s2

0 s2
0KLf0

(f0, f1) = 0.5 � (––––––––– + ––– – log ––– – 1)
s2

1 s2
1 s2

1

where mk and s 2
k are, respectively, the mean and the variance

of fk (k = 0; 1).
To better appreciate the amount of KLf0

(f0, f1) a calibra-
tion method was applied.44 Let B(p) represent the Bernoulli
distribution with parameter p. Given a calculated distance d,
we calibrated it by the probability q such that:

d = KLB(0.5)(B(0.5), B(q))

0.5 ≤ q ≤ 1

It can be shown that:

q = 0.5 + 0.5(1 – exp–2d)0.5

Values of q around 0.5 correspond to low sensitivity of infer-
ence, and values close to 1 correspond to substantial changes
in results.
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Michela Baccini, Emanuela Barletta, Aldo Bellini, Pierantonio Bellini,
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Luigi Bisanti, Francesca Bruno, Ennio Cadum, Stefano Cattani,
Giulia Cavrini, Elisabetta Chellini, Monica Chiogna, Luisa Cortino-
vis, Rosanna Cusimano, Moreno Demaria, Marco Deserti, Valeria
Fano, Gabriella Filippazzo, Francesco Forastiere, Francesco
Fortezza, Catia Gabellini, Claudia Galassi, Pier Carlo Ghiselli,
Daniele Grechi, Mauro Grosa, Corrado Lagazio, Gianfranco Lovi-
son, Marco Martuzzi, Paola Michelozzi, Rossella Miglio, Vito
Muggeo, Andrea Oliani, Carlo A. Perucci, Giuseppe Rossi, Riccardo
Tardiani, Benedetto Terracini, Stefano Tibaldi, Eleonora Verdini,
Maria Angela Vigotti, Marcello Vultaggio, and Carlo Zocchetti.
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