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ABSTRACT: Most of the evidence regarding the association between particulate air
pollution and emergency room visits or hospital admissions for respiratory conditions
and asthma comes from the USA. European time-series analyses have suggested that
gaseous air pollutants are important determinants of acute hospitalization for
respiratory conditions, at least as important as particulate mass. The association
between daily mean levels of suspended particles and gaseous pollutants (sulphur
dioxide, nitrogen dioxide, carbon monoxide, ozone) was examined. The daily emergency
hospital admissions for respiratory conditions in the metropolitan area of Rome during
1995 – 1997 were also recorded.

Daily counts of hospital admissions for total respiratory conditions (43 admis-
sions?day-1), acute respiratory infections including pneumonia (18?day-1), chronic
obstructive pulmonary disease (COPD) (13?day-1), and asthma (4.5?day-1) among residents
of all ages and among children (0 – 14 yrs) were analysed. The generalized additive models
included spline smooth functions of the day of study, mean temperature, mean humidity,
influenza epidemics, and indicator variables for day of the week and holidays.

Total respiratory admissions were significantly associated with same-day level of
NO2 (2.5% increase per interquartile range (IQR) change, 22.3 mg?m-3) and CO (2.8%
increase per IQR, 1.5 mg?m-3). No effect was found for particulate matter and SO2,
whereas O3 was associated with admissions only among children (lag 1, 5.5% increase
per IQR, 23.9 mg?m3). The effect of NO2 was stronger on acute respiratory infections
(lag 0, 4.0% increase) and on asthma among children (lag 1, 10.7% increase). The
admissions for all ages for asthma and COPD were associated only with same-day level
of CO (5.5% and 4.3% increase, respectively). Multipollutant models confirmed the
role of CO on all respiratory admissions, including asthma and COPD, and that of
NO2 on acute respiratory infections. Among children, O3 remained a strong indicator of
acute respiratory infections.

Carbon monoxide and photochemical pollutants (nitrogen dioxide, ozone) appear to
be determinants of acute respiratory conditions in Rome. Since carbon monoxide and
nitrogen dioxide are good indicators of combustion products from traffic related
sources, the detected effect may be due to unmeasured fine and ultrafine particles.
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Daily levels of air pollutants have been associated
with increased daily mortality, and time-series studies
in North America have indicated that particles and
ozone are related to emergency hospital admissions
for respiratory conditions [1 – 3]. Nitrogen dioxide and
carbon monoxide, however, were not considered in
most of the initial studies. Additional investigations
[4, 5], including studies in European cities [6 – 8] and
Australia [9], have suggested that not only O3, but also
other gaseous air pollutants have a role, at least as
important as particulate matter in explaining varia-
tions in respiratory emergency admissions. BURNETT

et al. [5] have underlined the importance of consider-
ing all available air pollution measures to assess the
health effects of a single pollutant, even though there
are difficulties in separating the effects of particles
from those of various gases, the gases themselves

(especially NO2 and CO) may be surrogates for fine
and ultrafine particles.

Air pollution in Rome originates mostly from
motor vehicle traffic. As a result, concentrations of
CO, NO2, O3 and airborne particles are generally
high, but with different seasonal patterns. Sulphur
dioxide levels are usually low. Previously, an associ-
ation between daily total mortality and NO2 and
particles levels in the central area of the city was
reported. These associations were consistent in mag-
nitude with other observations in the North American
and European setting [10]. In the current study, the
association between daily mean levels of particulate
matter and gaseous pollutants (SO2, NO2, CO, O3)
and daily hospital admissions for respiratory condi-
tions during 1995 – 1997 was examined. A separate
paper will consider air pollution and cardiovascular
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admissions. The present study evaluated overall as
well as cause-specific respiratory conditions, with a
specific interest in acute respiratory infections (includ-
ing pneumonia). These represent a common cause of
exacerbation of pre-existing chronic respiratory dis-
eases in adults and occur relatively frequently in
children with and without asthma. The analysis was
conducted among residents of all ages, but also
focused on subjects in the range 0 – 14 yrs.

Methods

Air pollution and weather data

A network of fixed air quality monitoring stations
(covering y3 million inhabitants) operates in Rome
under the Regional Department of Environment. Five
stations, located in densely populated areas within the
central city, continuously collect hourly data on SO2

levels (ultraviolet fluorescence), NO2 (chemilumines-
cence) and CO (infrared photometry); three of the five
monitors also collect hourly data on O3 (ultraviolet
photometry) and bihourly data on particles. Data on
particles with a 50% cut-off aerodynamic diameter of
10 mm (PM10) concentrations were not available for
the study period. Suspended particles were continu-
ously monitored using a low-volume air sampler (flow
rate at 25 L?min-1) with an open-face inlet and b-ray
atomic absorption. Investigations in Rome with a
gravimetric method to measure PM10 and total
suspended particulates, showed a higher ratio of
PM10 and total suspended particulates (0.70 – 0.80)
than the ratios detected in North America [11]. This is
presumably due to both the low-volume sampling and
to the peculiar geometry of the open-face inlet that
produced a higher efficiency for small size particulate
fractions. Furthermore, detailed examinations with

electron microscopy of the relative size of the particles
sampled with the Italian instrument indicated that the
actual particle fraction measured is v13 mm.

The daily air pollution data (24-h integrated
measure for particles, SO2, NO2, and CO; the mean
08:00 h – 16:00 h for O3) were collected from the five
population oriented fixed monitors. For each day, the
data from the available monitors were averaged to
compute a city mean to match the daily hospital
admissions data. During the study period (January 1,
1995 – October 31, 1997), data were available from all
the monitors for 89.9% of the days for particles, 99.5%
for SO2, 99.6% for NO2, 99.8% for CO, and 95.6% for
O3. Since some values for a particular monitor and a
particular pollutant were missing, this data was
imputed before computing city means using regression
models based on the other monitors9 values; the
estimated values were used only if the goodness of fit
(R2) of the regression models was w0.60. After this
procedure, the percentage of missing values was 2.6%
for particles, whereas there were no missing data for
the other pollutants. The spatial within-day variability
for the different pollutants was assessed by calculating
pollutant-specific correlation coefficients among the
various fixed-monitors. The highest correlations were
found for gases (O3: 0.66 – 0.89; CO: 0.60 – 0.86; NO2:
0.66 – 0.79; SO2: 0.50 – 0.77), whereas particles had
the lowest values (0.22 – 0.30). Mean daily tempera-
ture (uC) and relative humidity (%) were available
from the local weather station located in the central
area.

Table 1 summarizes the environmental variables
and table 2 shows the Pearson correlation coefficients
for all year and by season (cold season: October –
March; warm season: April – September). Particles
and NO2 did not follow a seasonal pattern and were
not correlated with temperature; SO2 and CO tended

Table 1. – Summary of environmental variables and daily hospital admissions data in Rome, 1995 – 1997

Variable ICD No. Mean¡SD Percentiles IQR

25th 50th 75th

Environmental variables*
Temperature uC 16.8¡6.5 11.6 16.8 22.3 10.7
Humidity % 59.6¡12.4 51.0 59.0 69.0 18.0
Particles mg?m-3** 66.4¡21.2 55.3 66.5 78.3 23.0
SO2 mg?m-3 9.1¡5.8 5.1 7.9 12.0 6.9
NO2 mg?m-3 86.7¡16.2 74.9 86.1 97.2 22.3
CO mg?m-3 3.6¡1.2 2.8 3.5 4.3 1.5
O3 mg?m-3 27.0¡17.3 13.3 24.0 37.2 23.9

Hospital admissions data
All ages

Respiratory conditions 460 – 519 43.1¡13.3 34.0 43.0 52.0 18.0
Acute respiratory infections 460 – 466; 480 – 486 18.0¡6.8 13.0 17.0 22.0 9.0
Asthma 493 4.5¡2.8 2.0 4.0 6.0 4.0
COPD 490 – 492; 494 – 496 13.0¡5.5 9.0 13.0 16.0 7.0

0 – 4 yrs
Respiratory conditions 460 – 519 11.3¡5.8 7.0 11.0 15.0 8.0
Acute respiratory infections 460 – 466; 480 – 486 8.4¡4.7 5.0 8.0 11.0 6.0
Asthma 493 1.8¡1.7 1.0 1.0 3.0 2.0

*24-h mean for all environmental variables except ozone (O3) which is 8-h mean; **suspended particles with a cut-off point at
y13 mm. SO2: sulphur dioxide; NO2: nitrogen dioxide; CO: carbon monoxide; COPD: chronic obstructive pulmonary
disease; ICD: International Classification of Diseases; IQR: interquartile range.
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to be higher in winter than in summer, whereas O3 was
higher in the warm season. There was a certain degree
of collinearity among the environmental variables,
especially between SO2 and CO (r~0.57), CO and O3

(r~-0.54), and between particles and both CO
(r~0.35) and NO2 (r~0.35). Between-pollutant correla-
tions were slightly different across seasons.

Hospital admissions for respiratory conditions

The Agency for Public Health of the Lazio Region
routinely maintains records for all hospital admissions
occurring in the region, which encompasses Rome and
its surroundings. The information system has been
fairly complete since January l995, covering 96% of
both public and private hospitals in Lazio. The admis-
sions occurring in Rome, January 1995 – October
1997 (y1.5 million admissions) were selected first.
Although the system does not permit a straightfor-
ward classification of emergency and elective admis-
sions, conditions that were more likely to be unrelated
to air pollution and/or elective were identified: day-
hospital stay, rehabilitation, surgery, hospital transfers,
traumas, deliveries, psychiatric and dermatological
conditions, thus excluding about 775,000 admis-
sions (56% of the total). Daily counts of all respiratory
conditions (International Classification of Diseases
(ICD) 460 – 519, excluding 470 – 478), acute respira-
tory infections including pneumonia (ICD 460 – 466,
480 – 486), chronic obstructive pulmonary disease
(COPD) (ICD 490 – 492,494 – 496) and asthma (ICD
493) among residents of all ages were then retrieved.
In addition, hospital admissions for respiratory
conditions, acute respiratory infections, and asthma
occurring among children (0 – 14 yrs) were also
separately analysed. Hospitalization data for influenza

(ICD 487) were collected to control for viral
respiratory seasonal epidemics. Primary diagnoses
and the leading conditions requiring the most hospital
care resources defined at discharge from the hospital,
were considered.

Data analysis

To estimate the association between pollutants at
different lags and hospital admissions, semiparametric
Poisson regression was used. Generalized additive
models [12] with correction for overdispersion were
run using S-Plus4 (MathSoft, Seattle, WA, USA). The
models included smooth functions of the day of study,
mean temperature, mean humidity, daily number of
hospital admissions for influenza, and indicator
variables for day of the week and holidays. The
analysis was conducted separately for all ages and for
children. It had to be taken into account that the
denominator (population present on a given day) of
the Poisson variable (daily count) is not constant:
there are fewer Rome residents actually present in the
city during the summer period (especially during
August) than during other seasons. Failure to
consider changes in the denominator may lead to
underestimation of the effects of summer pollutants,
such as O3. Since a precise estimate of the population
change by day was not available, all hospital
admissions registered among residents of all ages (or
in the 0 – 14-yrs-old range) were considered as a proxy
for the population denominator. To avoid over-
control for the effect of pollution, rather than using
the actual daily count, a spline smooth of the total
admissions during the study period was used in the
Poisson regression. For each year, such a smooth was
a straight line from January to the middle of July, had

Table 2. – Pearson correlation coefficients among environmental variables, Rome 1995 – 1997

Temperature Humidity Particles SO2 CO NO2

Whole year
Humidity % -0.21
Particles mg?m-3* 0.00 0.07
SO2 mg?m-3 -0.61 -0.05 0.25
CO mg?m-3 -0.42 0.38 0.35 0.56
NO2 mg?m-3 0.04 -0.28 0.35 0.33 0.31
O3 mg?m-3 0.68 -0.55 -0.01 -0.35 -0.57 0.19

Cold season (October – March)
Humidity % 0.25
Particles mg?m-3* 0.16 0.02
SO2 mg?m-3 -0.51 -0.23 0.26
CO mg?m-3 0.10 0.33 0.49 0.37
NO2 mg?m-3 0.04 -0.21 0.50 0.40 0.41
O3 mg?m-3 0.10 -0.59 -0.02 -0.12 -0.44 0.19

Warm season (April – September)
Humidity % -0.20
Particles mg?m-3* 0.10 0.07
SO2 mg?m-3 -0.27 -0.34 0.25
CO mg?m-3 -0.21 0.19 0.21 0.44
NO2 mg?m-3 -0.15 -0.31 0.25 0.68 0.59
O3 mg?m-3 0.56 -0.49 0.11 0.06 -0.38 0.13

*: suspended particles with a cut-off point at y13 mm. SO2: sulphur dioxide; CO: carbon monoxide; NO2: nitrogen dioxide;
O3: ozone.
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a variable dip during August, and returned to a
straight line from September through December.
Although a sensitivity analysis indicated that the
results were practically similar, this approach was
more efficient to control changes in the denominator
than including dummies for summer months or
excluding those months from the analysis.

Spline smooths of time, mean temperature (at lag
1), and mean relative humidity (at lag 1) were used.
The choice of the appropriate span was based on two
criteria: minimization of the Akaike9s Information
Criterion, as well as on lack of over- or under-fitting in
the residual correction for autocorrelation. Separate
smooths for each end-point were fitted, although total
respiratory conditions, and cause-specific analysis
showed similar patterns: the degrees of freedom
were 27 for time (y1 month), 9 for temperature
(3 months), 3 for humidity (1 yr). One-day lag in both
temperature and humidity was selected because they
had the best combined fit.

After building the basic regression models of
hospital admissions, single pollutants were entered
as linear terms and the effects at lag 0, 1, 2, 3, and 4
were estimated. A possible effect modification by
season of the relationship between pollutants and
hospitalizations was evaluated introducing inter-
action terms into the regression models only for
pollutants with a significant main effect. Multipollu-
tant models were run for pollutants that were signi-
ficant in the single pollutant analysis, and the lag that
had the strongest univariate effect was tested. The
results of the analysis were expressed as per cent
increase in daily admissions with each increment of an

interquartile range (IQR) of each pollutant, thus the
magnitude of the estimates is comparable among
pollutants.

Results

Table 1 summarizes the descriptive statistics of the
hospital admissions. A daily average of 43.1 respira-
tory admissions, 11.3 among children, were observed
in the study period, w40% of the total respiratory
admissions were from acute respiratory infections
(with a higher proportion among children). An
average of 13 COPD admissions and 4.5 asthma
admissions per day were counted in all the population;
1.8 daily asthma admissions were recorded among
children.

Total respiratory admissions were significantly
associated with same-day level of NO2 (2.5% increase
per IQR change 22.3 mg?m-3), and CO (2.8% increase
per IQR, 1.5 mg?m-3) (table 3). The effect was also
present at lag 1 and lag 2 for NO2, and at lag 1 for
CO. No overall effect was detected for particles and
SO2, whereas a nonsignificant association was
observed for O3 at lag 1 (2.1% increase per IQR,
23.9 mg?m-3). The cause-specific analysis revealed that
NO2 (4.0% increase, lag 0) and CO (2.2% increase, lag
0) were associated with acute respiratory infections,
and CO with both asthma (5.5% increase, lag 0) and
COPD (4.3% increase, lag 0). Examining the lag
structure, there was no indication that the effects of
air pollution were present at lags w2 days. All the
effects were generally stronger during the warm

Table 3. – Per cent increase in daily hospital admissions for all ages per interquartile range (IQR) increase of pollutants at
different lags (0 – 4), Rome 1995 – 1997

Variable Lag Particles SO2 NO2 CO O3

IQR: 23.0 mg?m-3 IQR: 6.9 mg?m-3 IQR: 22.3 mg?m-3 IQR: 1.5 mg?m-3 IQR: 23.9 mg?m-3

Respiratory conditions
(ICD-IX: 460 – 519) 0 0.2(-1.0 – 1.4) 0.4(-1.3 – 2.2) 2.5(0.9 – 4.2) 2.8(1.3 – 4.3) 0.3(-2.0 – 2.6)

1 -1.1(-2.3 – 0.1) 0.8(-0.9 – 2.4) 1.8(0.2 – 3.4) 1.8(0.2 – 3.3) 2.1(-0.4 – 4.7)
2 -0.3(-1.5 – 1.0) 0.3(-1.3 – 1.8) 1.8(0.3 – 3.4) 0.2(-1.3 – 1.8) 0.4(-1.9 – 2.7)
3 -0.5(-1.7 – 0.7) 0.4(-1.1 – 1.9) 0.6(-0.9 – 2.2) -0.5(-2.0 – 1.1) 1.7(-0.5 – 4.0)
4 0.5(-0.7 – 1.8) 0.9(-0.7 – 2.4) 0.7(-0.8 – 2.2) 0.7(-0.8 – 2.2) 1.2(-1.0 – 3.4)

Acute respiratory
infections 0 0.4(-1.3 – 2.2) 0.4(-2.1 – 3.0) 4.0(1.6 – 6.5) 2.2(0.0 – 4.4) 2.7(-0.6 – 6.1)
(ICD-IX: 460 – 466; 480 – 486) 1 -0.9(-2.7 – 0.8) 1.4(-1.0 – 3.9) 2.2(-0.1 – 4.5) 2.1(-0.1 – 4.4) 3.2(-0.5 – 7.0)

2 -0.1(-1.8 – 1.7) 1.2(-1.0 – 3.5) 3.0(0.8 – 5.3) 1.7(-0.5 – 4.0) 2.6(-0.7 – 6.0)
3 -1.2(-2.9 – 0.6) 0.2(-1.9 – 2.5) 1.1(-1.1 – 3.3) -0.9(-3.0 – 1.3) 2.2(-1.0 – 5.5)
4 -0.4(-2.2 – 1.4) 0.7(-1.5 – 2.9) 0.7(-1.5 – 3.0) 1.5(-0.7 – 3.7) -0.3(-3.4 – 2.8)

Asthma (ICD-IX: 493)
0 -2.2(-5.8 – 1.5) -1.5(-6.6 – 3.9) 4.6(-0.5 – 10.0) 5.5(0.9 – 10.4) 3.8(-3.0 – 11.0)
1 -2.1(-5.7 – 1.7) -1.5(-6.5 – 3.7) 4.3(-0.5 – 9.4) 0.8(-3.8 – 5.7) 4.0(-3.6 – 12.2)
2 -1.3(-4.9 – 2.5) 2.5(-2.2 – 7.4) 4.6(-0.1 – 9.6) -1.3(-5.9 – 3.5) 4.2(-2.7 – 11.6)
3 -0.5(-4.2 – 3.3) -1.3(-5.9 – 3.5) 1.5(-3.1 – 6.3) -3.0(-7.4 – 1.6) 3.9(-2.8 – 11.0)
4 -2.0(-5.6 – 1.8) -1.2(-5.7 – 3.5) 3.0(-1.6 – 7.9) 0.6(-4.0 – 5.3) 3.8(-2.8 – 10.8)

COPD
(ICD-IX: 490 – 492; 494 – 496) 0 1.8(-0.3 – 4.0) 1.0(-1.9 – 4.0) 2.2(-0.7 – 5.2) 4.3(1.6 – 7.1) -3.4(-7.2 – 0.6)

1 1.0(-1.1 – 3.2) -1.1(-3.9 – 1.8) -1.1(-3.8 – 1.7) -0.2(-2.9 – 2.5) 3.6(-0.9 – 8.3)
2 1.2(-1.0 – 3.4) -0.5(-3.1 – 2.1) -0.5(-3.2 – 2.2) -0.2(-2.9 – 2.6) -3.3(-7.1 – 0.7)
3 1.1(-1.1 – 3.3) 1.4(-1.2 – 4.0) -0.4(-3.1 – 2.4) -0.3(-3.0 – 2.4) 1.3(-2.6 – 5.4)
4 1.5(-0.7 – 3.7) 2.0(-0.7 – 4.7) -0.7(-3.3 – 2.1) -0.1(-2.8 – 2.6) 2.5(-1.4 – 6.5)

Data presented as per cent increase (95% confidence interval). COPD: chronic obstructive pulmonary disease; SO2: sulphur
dioxide; NO2: nitrogen dioxide; CO: carbon monoxide; O3: ozone.
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season, but the interaction terms were significant only
for CO. CO at lag 0 was associated with a 10.8%
increase (per IQR) (95% confidence interval (CI):
6.7 – 14.8) in total respiratory admissions, an 8.6%
increase in acute respiratory infections (95% CI:
2.9 – 14.6), and 13.9% increase in COPD admissions
(95% CI: 6.8 – 21.5).

Among children, total respiratory admissions were
associated with NO2 (4.0% increase, lag 0) and with
O3 (5.4% increase, lag 1) (table 4). O3 had a strong
effect on acute respiratory conditions (8.1% increase,
lag 1) while NO2 was strongly associated with asthma
admissions (10.7% increase, lag 1). CO was also
associated with asthma (8.2% increase, lag 1). As
among the entire population, no effect of particles or
of SO2 was detected. Moreover, no effect was found at
lag 3 or 4 and no significant effect modification by
season was detected.

Table 5 presents a summary of the main findings
(single pollutant models) as well as the results of the
multipollutant models. The associations between the
pollutants and the outcomes were generally weaker
and more unstable in multipollutant models than in
univariate regressions. However, CO was the single
pollutant associated with all respiratory admissions,
asthma and COPD. NO2 had a stronger effect than
CO on acute respiratory infections (table 5). Con-
versely, among children NO2 and O3 lost statistical
significance when both were present in the same model
for all respiratory conditions and asthma. However,
O3 remained associated with acute respiratory infec-
tions even when adjusting for NO2.

Discussion

Current air pollution in Rome is associated with
increased respiratory hospital admissions. Single and
multipollutant models suggested that CO, NO2, and

O3 are important contributors to respiratory hospital-
ization. In particular, CO plays a major role for
admissions among adults whereas NO2 and O3 seem
to be indicators of acute respiratory problems in
children. The effects of air pollutants, at least that of
CO, seem to be stronger during the warm season. In
this study, as in other investigations on air pollution
and hospital admissions, it is difficult to separate the
role of each factor because of collinearity among
pollutants which makes the risk estimates unstable.
For this reason, there is some controversy regarding
the use of multipollutant modelling in air pollution
research, but not a single solution has proved optimal
[13].

In 1991, SUNYER et al. [14] reported one of the first
time-series analyses of daily air pollution and daily
emergency hospital admissions for COPDs in Barce-
lona, a high density Mediterranean city in which
motor vehicles are the most important source of pol-
lution. They found a positive association between
admissions for obstructive pulmonary disease and
black smoke, SO2 and CO. In the same year, PONKA

[15] found that NO2, O3, and CO were strongly
associated with emergency room visits and hospital
admissions for asthma in Helsinki. Subsequent studies
in the USA and Canada have focused on particles and
O3 as the key pollutants associated with emergency
room visits or hospital admissions for respiratory
conditions and asthma [16 – 21]. However, European
time-series analyses conducted mostly within the Air
Pollution on Health, European Approach (APHEA)
initiative [22] have suggested that gaseous air pollu-
tants are more important determinants of acute
hospitalization for respiratory conditions than parti-
culate mass. Three quantitative summaries of the
APHEA city-specific results have evaluated the
relationship between various pollutants (particles,
either black smoke or total suspended particulates

Table 4. – Per cent (%) increase in daily hospital admissions for the 0 – 14 yrs age range per interquartile range (IQR)
increase of pollutants at different lags (0 – 4), Rome 1995 – 1997

Variable Lag Particles SO2 NO2 CO O3

IQR: 23.0 mg?m-3 IQR: 6.9 mg?m-3 IQR: 22.3 mg?m-3 IQR: 1.5 mg?m-3 IQR: 23.9 mg?m-3

Respiratory conditions
(ICD-IX: 460 – 519) 0 0.2(-2.2 – 2.6) -0.7(-4.0 – 2.7) 4.0(0.6 – 7.5) 2.5(-0.3 – 5.5) 3.3(-1.3 – 8.1)

1 -0.7(-3.0 – 1.7) -2.0(-5.2 – 1.3) 2.0(-1.2 – 5.3) 0.8(-2.1 – 3.8) 5.4(0.2 – 10.9)
2 -1.7(-4.0 – 0.6) -0.8(-3.8 – 2.3) 2.3(-0.9 – 5.5) 0.2(-2.7 – 3.1) 2.5(-2.1 – 7.3)
3 0.4(-1.9 – 2.8) -1.9(-4.8 – 1.1) 2.1(-1.0 – 5.3) -1.0(-3.7 – 1.9) 2.0(-2.5 – 6.6)
4 1.7(-0.6 – 4.2) -0.2(-3.0 – 2.8) 0.6(-2.4 – 3.8) 3.2(0.4 – 6.2) 0.8(-3.5 – 5.3)

Acute respiratory
infections 0 1.3(-1.4 – 4.1) -0.1(-3.9 – 3.8) 4.0(0.2 – 8.0) 2.5(-0.8 – 5.8) 5.0(-0.3 – 10.5)
(ICD-IX: 460 – 466; 480 – 486) 1 -0.6(-3.3 – 2.1) -2.7(-6.3 – 1.0) 1.0(-2.5 – 4.6) -0.1(-3.4 – 3.2) 8.1(2.1 – 14.4)

2 -1.0(-3.6 – 1.7) -1.2(-4.5 – 2.2) 2.7(-0.9 – 6.3) 0.9(-2.3 – 4.3) 4.3(-1.0 – 9.9)
3 0.7(-1.9 – 3.5) -2.5(-5.7 – 0.9) 2.5(-1.0 – 6.2) -2.0(-5.1 – 1.2) 4.9(-0.2 – 10.3)
4 2.2(-0.5 – 5.0) 0.0(-3.2 – 3.3) 1.2(-2.2 – 4.8) 3.2(0.0 – 6.6) 2.8(-2.2 – 8.0)

Asthma (ICD-IX: 493)
0 -2.2(-7.5 – 3.5) -2.6(-10.4 – 6.0) 6.4(-1.4 – 14.8) 6.3(-0.5 – 13.5) -1.6(-11.3 – 9.1)
1 -2.2(-7.5 – 3.5) 4.3(-3.5 – 12.7) 10.7(3.0 – 19.0) 8.2(1.1 – 15.7) 0.2(-10.8 – 12.5)
2 -4.0(-9.2 – 1.6) 5.5(-1.8 – 13.2) 5.5(-1.8 – 13.3) -0.7(-7.3 – 6.3) 5.6(-5.0 – 17.2)
3 3.5(-2.2 – 9.4) 2.8(-4.2 – 10.4) 2.3(-4.8 – 9.9) 3.5(-3.2 – 10.6) -1.8(-11.3 – 8.7)
4 0.4(-5.1 – 6.3) 1.0(-5.9 – 8.3) -0.4(-7.3 – 7.0) 4.8(-1.9 – 12.0) -1.8(-11.2 – 8.6)

Data presented as per cent increase (95% confidence interval). SO2: sulphur dioxide; NO2: nitrogen dioxide; CO: carbon
monoxide; O3: ozone.

1147AIR POLLUTION AND RESPIRATORY CONDITIONS



(TSP), SO2, NO2, and O3) and total respiratory
hospital admissions in five cities [7], admissions for
COPD in six cities [6], and emergency admissions for
asthma in four cities [8]. The most consistent finding
for total respiratory conditions and COPD was the
association with O3. The association with particles
was considerably smaller than in North American
studies, whereas NO2 was associated with COPD but
not with total respiratory conditions (although a black
smoke effect was detected only in the presence of high
NO2 levels). The results for asthma were more
controversial and less consistent since positive asso-
ciations with particles, SO2, and NO2 were found, but
not in all age groups and cities [8, 23].

More recent investigations have underlined the
importance of NO2 and CO. An investigation in
Valencia, Spain, found an association between asthma
admissions and NO2 and O3 but not with black smoke
and SO2 [24]. A report from Sydney, Australia
highlighted NO2 as the single pollutant related to
childhood asthma admissions [9]. The analysis of the
association between outdoor pollutants and visits to
emergency departments for respiratory complaints in
London [25] revealed a strong relationship between
NO2 levels and asthma visits by children, especially
during the warm season. The same study found an
association between CO and daily visits for respira-
tory complaints among the elderly. A parallel analysis
of daily general practitioner consultations for asthma
and other lower respiratory conditions in London
showed stronger effects for NO2, CO, and SO2 in
children and PM10 in adults [26]. In Seattle, (WA,
USA) CO and PM10 were found to be jointly

associated with hospital asthma admissions among
the nonelderly [27] and with asthma emergency room
visits by children [28].

From the evidence reviewed earlier, it seems that
pollutants, either primarily generated by combustion
sources or secondarily produced after chemical
transformation in the atmosphere, aggravate pre-
existing chronic respiratory conditions, such as
COPD or asthma, or precipitate acute respiratory
infections of the upper or lower respiratory tract. Fine
and ultrafine particles from combustion sources are
the most likely causes of the respiratory effects, given
the evidence from the American panel studies [3, 29].
In the absence of detailed measurements of fine and
ultrafine particles, however, it is extremely diffficult to
single out the precise pollutant or combination of
pollutants, which are specifically responsible for the
health effects described. There are several possible
explanations for the inconsistent results of the various
studies. 1) The concentration of pollutants in a single
city correlate, with varying degrees, to meteorological
conditions during the year. 2) Climatic and geogra-
phical conditions vary between cities, rendering the air
pollution mix different. 3) The accuracy of pollutant
measurements (i.e. number of monitoring sites, loca-
tion of monitors, frequency of measurements, particle
size measured) may vary from one location to
another. 4) The prevalence of conditions, such as
COPD or asthma, may vary widely from one country
to another and the proportion of the susceptible
population may be different. For instance, asthma
among children is at least three times more prevalent
in the UK and Ireland than in Mediterranean

Table 5. – Per cent (%) increase in daily hospital admissions per interquartile range (IQR) increase of pollutants in single
and multipollutant models, Rome 1995 – 1997

Variable ICD No. Lag Single pollutant model* Multipollutant model**

All ages
Respiratory conditions 460 – 519

NO2 0 2.5(0.9 – 4.2) 0.9(-0.8 – 2.8)
CO 0 2.8(1.3 – 4.3) 2.3(0.6 – 4.0)

Acute respiratory infections 460 – 466; 480 – 486
NO2 0 4.0(1.6 – 6.5) 3.9(1.3 – 6.7)
CO 0 2.2(0.0 – 4.4) 0.0(-2.3 – 2.4)

Asthma 493
NO2 0 4.6(-0.5 – 10.0) 1.4(-3.9 – 7.1)
CO 0 5.5(0.9 – 10.4) 4.8(0.3 – 9.5)

COPD 490 – 492; 494 – 496
NO2 0 2.2(-0.7 – 5.2) -1.0(-4.1 – 2.2)
CO 0 4.3(1.6 – 7.1) 4.8(0.9 – 7.9)

0 – 14 yrs
Respiratory conditions 460 – 519

NO2 0 4.0(0.6 – 7.5) 3.3(-0.2 – 6.9)
CO 1 5.4(0.2 – 10.9) 4.1(-1.2 – 9.8)

Acute respiratory infections 460 – 466; 480 – 486
NO2 0 4.0(0.2 – 8.0) 2.9(-1.0 – 7.0)
CO 1 8.1(2.1 – 14.4) 6.9(0.8 – 13.4)

Asthma 493
NO2 1 10.7(3.0 – 19.0) 8.3(-0.1 – 17.4)
CO 1 8.2(1.1 – 15.7) 3.3(-4.2 – 11.3)

Data presented as per cent increase (95% confidence interval). *: single pollutant model results for the most significant single
day lag; **: estimates from regression models containing the two pollutants indicated in the rows simultaneously. NO2:
nitrogen dioxide; CO: carbon monoxide; O3: ozone; COPD: chronic obstructive pulmonary disease.
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countries like Spain and Italy [30]. The reason why the
European studies seem to show more NO2/CO effects
than US studies is to be explored. It may be that NO2/
CO are better surrogates for ultrafine particles in
Europe than in the USA because of different
combustion sources (greater use of diesel in Europe).

The present study did not find a specific effect of
particles as they were measured in Rome during the
study period. From an exposure assessment point of
view, it should be stressed that particles had the larger
spatial within-day variability and, therefore, the larger
error in the daily level of exposure. These negative
findings may be attributable to this limitation. In
addition, particle measurements for the study period
do not accurately reflect the concentration of fine
particles. In fact, particulate pollution in Rome is
strongly influenced by local traffic during winter
months, while it is more dependent on secondary
transformations and on long-range transport (includ-
ing coarse particles, that is particles with a 50% cut-
off aerodynamic diameter between 10 and 2.5 mm)
during the warm period. Preliminary investigations
in the city indicate that the coarse/fine particles ratio
((PM10-PM2.5)/PM2.5) is seasonally dependent (0.68
in winter, 0.97 in summer) with a higher concentration
of coarse particles during the warm period [31]. Con-
versley, CO and NO2 are better markers of air pollu-
tion directly related to traffic.

The studies within the APHEA projects did not
include CO, a primary pollutant related to traffic.
However, as the initial studies from Barcelona [14]
and Helsinki [15] had suggested, CO has been related
to respiratory hospitalizations in 16 Canadian cities
[32], and to asthma hospital admissions among
nonelderly residents in Seattle [27]. In the present
study, CO showed an association with most of the
respiratory conditions in all ages studied, and its
independent role remained in the multipollutant
analysis for total admissions. The simplest explana-
tion for the association found is that CO is a good
marker of the pollution mix in winter (including
primary fine and ultrafine particles). In fact, a close
correlation between CO and fine particles measure-
ments has recently been detected in Seattle [28]. A
recent study from Norway has suggested that benzene
concentration, an indicator of air traffic pollution
closely linked with CO, was the most important
predictor among eight pollutants in ambient air
(excluding CO) of respiratory hospital admissions
[33]. However, since CO has recently been associated
with emergency cardiovascular hospitalizations [34],
in particular ischaemic heart disease [35], and as there
are novel insights into its biological effects at low
levels such as release of NO by endothelial cells [36], a
more careful examination of the role of this pollutant
in the respiratory tract would be worthwhile.

Apart from the analysis of emergency admissions
for asthma, only a few studies have addressed the
overall acute respiratory effects of air pollution
among children, in particular the association with
acute respiratory infections. The present study found
an association between photochemical pollutants
(both ozone and nitrogen dioxide) and hospitaliza-
tions for acute respiratory infections, especially in

children. Ozone and nitrogen dioxide concentrations
are clearly related since ozone plays a primary role in
the conversion of nitric oxide to nitrogen dioxide,
even during winter. The health effects of ozone are
well known: it causes an increase in respiratory
symptoms such as cough and shortness of breath,
reduced lung function, and inflammatory response
from the airway mucosa [16]. Conversely, toxico-
logical evidence [37] suggests that nitrogen dioxide
increases the susceptibility to infection by viruses and
bacteria, while a preliminary epidemiological study
has indicated that personal exposure to nitrogen
dioxide increases the risk of virus related asthma
morbidity in children [38]. The results presented here
may indicate that the inflammatory response to
infections is altered by exposure to oxidants (and
perhaps by exposure to fine particles [38 – 39]) thus
leading to aggravation of symptoms and increasing
the number of infection-related hospital admissions.
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