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Abstract

Background: Subjects living close to high traffic roads (HTR) are more likely to suffer from air-pollution related
morbidity and mortality. The issue has large public health consequences but few studies have described the main
socio-demographic characteristics of people exposed to traffic.

Objectives: To characterise a large cohort of residents in Rome according to different measures of traffic exposure,
socioeconomic position (SEP), and baseline health status.

Methods: Residents of Rome in October 2001 were selected. Individual and area-based SEP indices were available.

GIS was used to obtain traffic indicators at residential addresses: distance from HTR (> = 10,000 vehicles/day),
length of HTR, average daily traffic count, and traffic density within 150 meters of home. Hospitalisations in the
5-year period before enrolment were used to characterise health status. Logistic and linear regression analyses
estimated the association between traffic exposure and socio-demographic characteristics.

Results: We selected 1,898,898 subjects with complete SEP information and GIS traffic indicators. A total of 320,913
individuals (17%) lived within 50 meters of an HTR, and 14% lived between 50 and 100 meters. These proportions
were higher among 75+ year-old subjects. Overall, all traffic indicators were directly associated with SEP, with
people living in high or medium SEP areas or with a university degree more likely to be exposed to traffic than
people living in low SEP areas or with a low level of education. However, an effect modification by area of
residence within the city was seen and the association between traffic and SEP was reversed in the city centre.

Conclusions: A large section of the population is exposed to traffic in Rome. Elderly people and those living in
areas of high and medium SEP tend to be more exposed. These findings are related to the historical stratification
of the population within the city according to age and socioeconomic status.

Background

There is convincing scientific evidence that exposure to
air pollution, in particular ambient particulate matter
(PM), is related to both short and long-term health
effects. Increased mortality and hospitalizations for car-
diopulmonary causes have been noted in several studies
evaluating the short-term effects of PM;o or PM, 5 [1].
Some longitudinal studies conducted in the US and in
Europe did find a consistent association between long
term exposure to air pollution and natural mortality,
especially for cardiovascular diseases [2-7].
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In urban areas a relevant source of air pollution is
vehicular traffic as the importance of other sources (e.g.
industry, power plants) is declining. In some of the stu-
dies evaluating health effects, proxy measures of expo-
sure have been used, such as distance from busy roads,
distance-weighted traffic density or the length of main
street segments within a buffer from home [8-12].
These proxy measures tend to be correlated with other
more objective measures (for example, NO, concentra-
tions estimated by dispersion modelling and/or land use
regression models) and are relatively easy to obtain
using Geographic Information System (GIS) [13]. Some
studies have directly assessed the relationship between
living along busy roads and mortality or morbidity. For

© 2010 Cesaroni et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.


mailto:cesaroni@asplazio.it
http://creativecommons.org/licenses/by/2.0

Cesaroni et al. Environmental Health 2010, 9:41
http://www.ehjournal.net/content/9/1/41

example, Hoek and colleagues found, in a cohort of
adults aged 55-69 years, that cardiopulmonary mortality
was associated with living near a major road [5]. In the
SAPALDIA (Swiss Cohort Study on Air Pollution and
Lung Diseases in Adults) study an increased risk of reg-
ular phlegm and wheezing in non smokers living within
20 m of a main street was found [8]. All the literature
has been recently reviewed by a scientific panel from
the Health Effects Institute (HEI panel on the Health
Effects of Traffic-Related Air Pollution) in the US [14].
The Panel concluded that the evidence was “sufficient”
to infer a causal relationship between exposure to traffic
and exacerbation of asthma and “suggestive but not suf-
ficient” to infer a causal relationship with onset of child-
hood asthma, non-asthma respiratory symptoms,
impaired lung function, and total and cardiovascular
mortality.

When evaluating the relationship between living along
busy roads and mortality/morbidity, the potential role of
socioeconomic status should be considered. The rela-
tionship between socioeconomic position and exposure
to air pollution has been extensively reviewed and
“environmental justice” concerns have been raised
[15-21]. In fact, low socioeconomic groups of the popu-
lation seem to suffer from the worst environmental con-
ditions, including poor air quality [18-24], and tend to
be more vulnerable to air pollution [19,25-27]. However,
the extent to which low socioeconomic position and
proximity to busy roads are related is not well-defined.

Few studies have characterised subjects living near
high traffic roads in urban areas to better understand
the exposure characteristics and the susceptibility factors
of air pollution. The lack of studies is somewhat surpris-
ing given the potential public heath impact of traffic
exposure. We established a large cohort of people who
were resident in Rome in 2001 with information on
socio-demographic characteristics and baseline health
status to study long-term effects of traffic-related air
pollution. We wished to use diverse indices of socioeco-
nomic position (both at the individual and neighbour-
hood level) and different geographic information system
(GIS) measures to characterize the residents who live
close to busy roads in Rome. In the present paper we
describe the main baseline characteristics of the cohort
and examine the association of exposure to traffic with
socio-demographic characteristics.

Methods

Setting

Rome is the largest Italian city with a population of
about 2.6 millions inhabitants on a surface of 1290 km?,
It is a radiant city, and the most important roads are
still the ancient roman roads that starting from the cen-
tre, the Roman Forum, connect the city with the rest of
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the country in all the directions. During the last century,
the urban development in Rome took place gradually
from the centre to the suburbs, with a higher population
density in the centre compared to the periphery [28].

Study Population

The cohort was defined from Rome Municipal Register’s
data. We enrolled all residents of Rome on the 21°
October 2001; data were available on gender, age, and
residential history. Using a variety of record-linkages
procedures, under strict control to protect individual
privacy, we collected additional information for each
study member. In particular, individual data from the
2001 Census were used for indices of socioeconomic
position at the baseline. The 2001 residential addresses
were used to estimate environmental exposures and traf-
fic-related air pollution indices. Individual hospital
admissions from public and private hospitals in Italy,
during the period 1996 to 2001, were available to pro-
vide the morbidity history of the subjects.

Area-based and individual information on the
socioeconomic position

A composite area-based index of socioeconomic position
(SEP) by census block was built using the 2001 Census
of Rome. Briefly, we used 4,888 census blocks with at
least 50 inhabitants (average population: 500 subjects) as
the units of observation. We considered census informa-
tion that represented various socioeconomic parameters
(occupation, education, housing tenure, family composi-
tion, and foreign status (yes or no)) and each census
block was characterized. We performed a factor analysis
to create a composite indicator, and we used the quin-
tiles of its distribution in census blocks to obtain a 5-
level area-based index [29]. To obtain the index for all
census blocks of Rome, we assigned a SEP level to cen-
sus blocks with fewer than 50 inhabitants (0.4% of the
population) according to the levels of contiguous blocks.
The area based SEP has been validated with individual
census data [29] (for example in the highest category of
area based SEP there was 29% of people with a univer-
sity degree vs. 5% in the lowest category of SEP), the
index is highly correlated with a small area income
index based on 1998 Tax Register data [30], and it has
been associated with overall and cause-specific mortality
and incidence of specific diseases such as stroke [31,32].
Figure 1 shows the map of the city by SEP.

From the 2001 Census we obtained individual data on
educational level (grouped into four categories: Univer-
sity, High school, Secondary school, Primary school),
employment status (Employed, Looking for first employ-
ment, Unemployed, Student, Housewife, Retired, Mili-
tary or civil service, Unable to work, Other), occupation
(Non-manual: Managers, Highly-skilled, Medium-skilled,
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Figure 1 Map of Rome by socioeconomic position (SEP).
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Environmental characteristics at the residential address
Geographical information system (GIS) indices were
developed for each individual. We geocoded each sub-
ject’s residence as of 21°° October 2001 using the inter-
polation method within road segments. To locate the
address on the map we used the Italian road network
(Tele Atlas, Italy). The City Council of Rome provided
the traffic data for all major roads in Rome as of 2005,
i.e. 6,585 road segments which represented the 26% of
all roads, and included the totality of roads with more
than 10,000 vehicles per day (2,228 segments).

We defined as high traffic (HTR) roads all road seg-
ments where at least 10,000 vehicles travelled per day.
Figure 2 shows the map of Rome with the HTRs. We
defined different GIS indicators for each residential
address: the distance from the residence to the nearest
HTR, the total length of the HTR segments within a

150 m buffer zone, the daily average traffic counts from
the closest HTR within 150 m, and the traffic density
within 150 m. The latter was defined as the sum of the
products of each HTR segment length by the estimated
annual average daily traffic count of the HTR segment
(within the 150 meter buffer zone around the residence
address) [10], divided by the area of the buffer:

¥ (number of vehicles per day * length of roads within 150m) / (z * (150m)?).

We also defined a categorical variable of traffic density
within 150 m as the quartiles of the distribution of the
continuous variable.

Similar to the SAPALDIA study [8], we applied buffers
of different radii (50, 100, 150, and 250 m) to the resi-
dences and intersected the buffers with the list of high
traffic roads to create a categorical variable indicating
distance to HTR (high traffic road more than 250 m,
between 150 and 250 m, between 100 and 150 m,
between 50 and 100 m, and less than 50 m away). We
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Figure 2 Map of Rome with high traffic roads (HTR, > = 10,000 vehicles/day).
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calculated a five category variable of total length of high
traffic road segments within a 150 m buffer zone as the
quartiles of the sum of segments’ lengths within the 150
meters buffer (none, low <166 m, medium 166-266 m,
high 266-323 m, very high 323-1445 m).

We collected and stored all geographical variables
using ArcGis 9.1 (ESRI, Redlands, California, USA). We
used the Word Geodetic System of 1984 with the
Universal Transverse Mercator 33N as the coordinate
system and map projection.

Baseline health status: individual morbidity history

In Italy there is a National Health Service that provides
medical care to all the population. The morbidity history
of the study population was based on data from the
Health Information System of the Lazio region, where
Rome is located. The regional Health Information Sys-
tem collects individual discharge records from all hospi-
tals, both public and private. All the records are linkable
using a unique identifier, but privacy protection is

assured from strict management rules. Discharge
records are routinely collected and contain: patient
demographic data, admission and discharge dates, up to
six discharge diagnoses (International Classification of
Disease, 9™ revision, Clinical Modification [ICD-9-CM)),
medical procedures or surgical interventions (up to six),
and status at discharge (alive, dead, transferred to other
hospital). In order to describe the baseline health char-
acteristics of the cohort, we used hospital discharges
from 1996 to 2001 to identify those individuals who had
at least one hospitalisation. We considered hospitalisa-
tions for all causes excluding accidents, those with a
principal diagnosis of cardiovascular diseases (ICD-9-
CM: 390-459), with principal or secondary diagnoses of
hypertension (ICD-9-CM: 401-405), with principal diag-
nosis of ischemic heart disease (ICD-9-CM: 410-414),
congestive heart failure (ICD-9-CM: 398.91, 402.01,
402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91,
404.93, 425.4-425.9, 428), peripheral vascular disorders
(ICD-9-CM: 093.0, 437.3, 440, 441, 443, 447.1, 557.1,
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557.9, V43.4), arrhythmia (ICD-9-CM: 426.0, 426.13,
426.7, 426.9, 426.10, 426.12, 427.0-427.4, 427.6-427.9,
785.0, 996.01, 996.04, V45.0, V53.3), cerebrovascular dis-
ease (ICD-9-CM: 430-438); for cancer (ICD-9-CM: 140-
239); diabetes (ICD-9-CM: 250), and chronic obstructive
pulmonary disease (ICD-9-CM: 490-492, 494, 496).

Statistical analysis

We studied the association of traffic variables with age
and socioeconomic position. We considered two SEP
indices (area-based SEP and individual level of educa-
tion) and three traffic measures (a binary variable to
identify who lives within 50 meters of an HTR, the dis-
tance from HTR, and the traffic density within 150 m).

We used logistic regression to evaluate the associa-
tions with living close (50 m) to an HTR (Odds ratios,
OR, with 95 percent confidence intervals were calcu-
lated). We log-transformed both the distance from an
HTR and the traffic density to obtain two normally dis-
tributed variables, and we used them as dependent vari-
ables in a multivariate linear regression analysis. For
both logistic and linear regression models, the indepen-
dent variables were age (0-17, 18-34, 35-64, 65-74, 75+
years), education, and area-based SEP. In the presenta-
tion of the results of the linear regression models, we
calculated the exponential function of the regression
coefficients in order to estimate the ratio of the depen-
dent variable in the specific subgroup compared to the
reference group (geometric mean ratio, GMR). We cal-
culated 95 percent confidence intervals of the GMR. To
take into account the clustering of the subjects within
census blocks, we performed all multiple regression ana-
lyses with robust variance estimate.

As a final step, we performed a stratified analysis
dividing the entire population by area of residence
(inside and outside the central railway ring) to better
understand the relationship between age, small area
SEP, and education with traffic exposure.

Results
The total population of Rome in October 2001 was 2.56
million (2001 Census) people. For 2,118,670 residents
(84%) we had information on the address of residence
and on individual socioeconomic position. We selected
only those individuals whose address was matched and
geocoded by the Tele Atlas system with optimal quality,
resulting in 1,898,898 subjects that were considered in
this study. There were no significant differences between
subjects included and excluded from the analysis for
age, and gender.

Table 1 shows the socio-demographic characteristics
of the study population in five age groups. Fifteen per-
cent of the study population was under 18 years of age,
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while 19% was aged 65 or more. The population by age
group was not evenly distributed across the area-based
socioeconomic (SEP) index: the youngest groups were
more likely to live in low SEP areas compared to the
oldest group. Also level of education increased with age.

Descriptive data of exposure to traffic by age are
reported in table 2. The subjects’ homes were an average
of 272 meters (standard deviation, SD, 459) from a high
traffic road. A total of 34% of the population lived
further than 250 meters from an HTR, while 45% had
an HTR within 150 meters, and 17% lived closer than
50 m from an HTR. The daily average traffic count
from the closest HTR (within 150 m from home) was
21,533 vehicles (SD 15,094). The majority of subjects
with an HTR within 150 meters had traffic counts ran-
ging from 10,000 to 15,000 while a minority had more
than 30,000. For residents living closer than 150 meters
from an HTR, the mean traffic density was 107 vehicle
meters of HTR/m? (SD 88).

Table 3 shows the percentages of subjects who were
hospitalised for specific diseases during the period 1996-
2001, before the enrolment in the study. Overall hospi-
talisations include births but not accidents. Twenty-nine
percent of the study population had been admitted to
hospital in the five years before enrolment (5% for cardi-
ovascular causes). The percentage with a previous hospi-
talisation increases with age, reaching 16.5% for
hypertension in the 75+ age group.

Table 4 shows the association (odds ratios and geo-
metric mean ratios) of age, area-based socioeconomic
position, and level of education with the three measures of
traffic exposure (living 50 meters from an HTR, distance
from HTR and traffic density within 150 m from home).
The table reports odds ratios or GMR adjusted only for
sex and age group and adjusted for all the factors in the
table. We observed that older people were more likely to
live in high-traffic areas and the association was confirmed
for the three traffic indicators when adjustment was made
for the SEP variables. Twenty-one percent of subjects liv-
ing in medium SEP census blocks had a high traffic road
within 50 meters of home, versus 18% of high area-based
SEP, and 12% of low-area based SEP. The results of the
multivariate analyses indicated that those belonging to the
medium area-based SEP index level were the most likely
to have heavy traffic within 50 meters. In addition, those
living in the lowest two area-based SEP categories were
less likely to live close to an HTR compared to others
even when age group and educational level were taken
into account. The results were similar when we used the
continuous variables indicating distance from HTR and
traffic density as the exposure measures. All three indica-
tors of traffic exposure showed that less educated subjects
were less exposed to traffic than more educated residents;
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Table 1 Socio-demographic characteristics of study population by age group
Age (years)
0-17 18-34 35-64 65-74 75+ Total
N 289,539 420,169 821,153 214,332 153,705 1,898,898
(%males) 514 496 46.9 44.5 372 47.1
Area based SEP
High 18.2 174 19.6 19.9 238 193
Medium-high 186 189 20.3 204 230 199
Medium 186 193 200 20.5 20.8 19.7
Medium-low 21.2 214 204 20.5 18.1 20.6
Low 235 230 19.8 18.7 144 20.5
Education*
University 0.0 139 185 109 114 13.2
High school 15 59.5 375 179 165 329
Secondary school 594 262 424 62.5 593 422
Primary school 39.1 04 16 8.7 129 6.9
Employment statust
Employed 0.7 514 61.5 55 1.1 38.7
Looking for first employment 35 103 09 0.0 00 28
Unemployed 1.0 92 5.1 0.2 00 43
Student 94.3 223 0.2 0.0 0.0 7.5
Housewife 0.1 43 18.7 29.6 309 149
Retired 0.0 0.1 108 584 579 160
Military or civil service 0.0 06 0.0 0.0 00 0.1
Unable to work 0.1 0.5 1.1 14 24 09
Other 04 12 1.8 4.8 7.8 2.2
Occupation
Non manual 6.7 55.8 64.7 68.0 737 62.1
Managers 1.0 59 12.1 256 24.7 10.5
Highly-skilled 0.0 12.3 18.2 284 384 16.6
Medium-skilled 24 25.0 21.6 108 95 224
Unskilled 33 12.6 12.8 3.1 1.0 12.6
Manual 933 418 334 318 263 359
Services 352 19.7 11.4 13.0 12.6 13.9
Highly-skilled 24.5 8.1 7.4 6.7 35 7.6
Medium-skilled 7.1 4.5 3.8 2.4 1.9 4.0
Unskilled 26.0 93 103 7.6 6.2 10.0
Farmer 0.5 03 04 2.0 2.1 0.4
Military forces 0.0 23 19 0.2 00 20

*(> = 6 year olds)
1(> = 15 year olds)
#(on those employed)

these associations were attenuated when area-based SEP
was taken into account.

Table 5 shows the association between SEP and traffic
exposure by area of residence (inside and outside the
central railway ring, corresponding to 298,326 and
1,600,572 cohort members, respectively). The central

part of Rome, delimited by the railway ring and corre-
sponding to the historical centre, is characterized by a
resident population older (65+ years: 24.3% versus
18.5%) and with a higher socioeconomic position than
the rest of the city (both at individual and area level; e.g.
for high area-based SEP: 35.9% versus 16.4%; for low
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Table 2 Environmental characteristics of the study population by age group
Age (years)

0-17 18-34 35-64 65-74 75+ Total
N 289,539 420,169 821,153 214,332 153,705 1,898,898
Distance from HTR 302 (506) 286 (480) 274 (457) 241 (420) 208 (340) 272 (459)
mean (sd) %
> =250 374 356 344 30.2 259 34.0
[150-250) 20.5 202 206 214 215 20.7
[100-150) 14.0 143 146 154 16.2 146
[50-100) 129 135 138 14.7 16.0 139
< =150 153 164 16.6 183 204 169
Meters of HTR within 150 m from home
mean (sd) for those who live at < = 150 m 268 (159) 271 (161) 272 (161) 276 (163) 282 (166) 272 (161)
from HTR %
living at > = 150 m from HTR 579 55.8 55.1 516 474 54.6
1st quartile (<166 m) 10.8 1.2 13 1.7 12.2 13
2nd quartile (166-266 m) 10.7 11.1 13 119 129 13
3rd quartile (266-323 m) 10.6 11.0 1.2 123 13.1 13
4th quartile (323-1445 m) 10.0 1.0 1.1 125 144 13
Daily average traffic count on the closest HTR within 150 m
mean (sd) for those who live at < = 150 m 21686 (14272) 21832 (14255) 21774 (14006) 21975 (13497) 21920 (12776) 21533 (15094)
from HTR %
living at > = 150 m from HTR 579 55.8 55.1 516 474 54.6
(10000-15000) 179 184 18.7 193 20.7 188
[15000-20000) 79 85 85 9.0 9.6 8.6
[20000-30000) 79 83 85 9.6 10.7 87
> = 30000 84 9.0 9.2 104 16 94
Traffic density from HTR within 150 m (vehicle meters of HTR/m?)
mean (sd) for those who live at < = 150 m 105 (91) 107 (91) 106 (88) 109 (85) 111 (81) 107 (88)
from HTR %
living at > = 150 m from HTR 579 55.8 55.1 516 474 54.6
1st quartile (< = 51) 114 13 114 1.2 114 13
2nd quartile (52-82) 10.5 1.1 1.3 12.1 12.8 1.3
3rd quartile (83-137) 10.3 109 11.2 124 139 1.3
4th quartile (137-1257) 99 109 1.1 12.7 145 13
area-based SEP: 3% versus 23.7%). In both the areas  Discussion

there is evidence of association between older age and
living in proximity of an HTR, however, the association
between traffic exposure and SEP had a different sign in
the two areas. In the city centre where traffic is higher
and 25% of the residents lives close to HTR, less affluent
and less educated people tend live closer to HTR than
more affluent and highly educated people, the opposite
is seen in the rest of the city (where traffic is lower and
only 15% lives close to HTR) in agreement with the
overall results.

The study clearly shows that a large fraction of the
Rome population is exposed to traffic at home. This is
not surprising when one considers that out of a popula-
tion of 2.6 million inhabitants, almost 2.3 million vehi-
cles were circulating in the city in 2001, including
moped/motorcycles, and commercial vehicles. The pub-
lic health problem of traffic is amplified as one considers
that in 2001 a large proportion of the vehicles were in
the high emissions categories (EURO 0 and EURO 1)
and that 17.4% of them were diesel-powered vehicles.
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Table 3 Percentages of subjects who were hospitalised for specific diseases during 1996 and 2001, before the

enrolment in study by age group

Age (years)

0-17 18-34 35-64 65-74 75+ Total
Subjects 289,539 420,169 821,153 214,332 153,705 1,898,898
Subjects hospitalized % 58,304 94,211 226,109 87416 74,890 540,930
Non accidental causes 20.1 224 275 40.8 48.7 285
Cardiovascular causes 049 1.50 4.27 11.59 16.24 4.88
Hypertension 0.05 0.12 2.52 11.07 16.52 371
Ischemic Hearth Disease 0.01 0.02 1.13 533 836 1.77
Congestive Heart Failure 0.01 0.01 025 1.67 4.01 0.63
Peripheral Vascular Disorders 0.01 0.03 0.30 1.98 3.59 0.65
Arrhytmia 0.18 0.14 0.69 3.50 /.26 1.34
Cerebrovascular Disease 0.02 0.05 053 3.36 7.33 1.21
Cancer 0.06 0.24 1.60 4.70 540 1.72
Diabetes 0.06 0.11 091 417 572 136
Chronic Pulmonary Disease 0.90 0.17 0.68 387 7.03 147

Exposure to traffic is not evenly distributed in the city:
we found that all the measures of traffic exposure were
higher in the elderly population than in younger groups.
In general, traffic was not higher in the poorest sector
of the population, on the contrary, low SEP was asso-
ciated with greater distance from HTRs and with lower
traffic density within 150 m from residence. However,

when we restricted the analysis to the city centre, higher
exposures to traffic were found among subjects in the
low socioeconomic groups. In any case it appeared that
area level more than individual level drives the associa-
tion between SEP and traffic exposure.

The explanation for the traffic exposure and age and
SEP relationships is clearly related to the urbanization

Table 4 Association of socioeconomic position (SEP) with traffic exposure

Living at < = 50 m from HTR

Distance from HTR

Traffic density from HTR within 150 m from

home

% OR' 95% CI OR* 95%Cl GMR' 95%CI GMR* 95%Cl GMR' 95% Cl GMR* 95% Cl
Age group
0-17 153 1.00 1.00 1.00 1.00 1.00 1.00
18-34 164 109 106-1.11 105 1.02-109 094 092-095 097 095-099 103 102 - 1.04 1.02 101 - 1.04
35-64 166 110 108-1.13 105 1.02-108 091 090-093 096 094-098 103 102 - 1.04 1.02 101-103
65-74 183 124 119-129 119 1.14-124 081 079-083 085 082-087 107 105 - 1.08 106 104 -1.08
75+ 204 141 135-148 133 127-139 071 069-074 077 074-079 110 108 - 1.12 1.09 107 - 1.1
Area based SEP - - -
High 181 1.00 - 1.00 1.00 - 1.00 1.00
Medium-high 190 107 091-126 108 092-127 094 084-105 093 083-104 106 098 - 1.14 106 099 - 1.14
Medium 208 120 101-141 121 103-143 093 082-104 092 082-103 1.1 103 -1.19 RN 104 -1.20
Medium-low 150 081 068-096 082 069-098 131 116-147 128 1.14-144 101 0.94 - 1.09 102 094 - 1.09
Low 117 061 050-074 062 051-076 160 141-181 157 138-177 086 079 - 093 0.86 079 - 094
Education* - - -
University 186 100 - 1.00 - 1.00 - 1.00 1.00
High school 173 093 090-096 097 094-099 110 108-112 105 103-107 098 0.96 - 099 098 097 - 099
Secondary school 163 083 078-088 095 091-099 124 119-130 106 104-109 095 092 - 097 098 0.96 - 1.00
Primary school 154 076 071-082 091 086-095 134 127-141 111 107-114 094 091 - 097 098 0.96 - 1.00

*(> = 6 year olds)
1 multiple regression models including sex, and age group

$ multiple regression models including sex, age group, area-based SEP, and education
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Table 5 Association of socioeconomic position (SEP) with traffic exposure by area of residence

Residents in the railway ring
(N = 298,326)

Residents outside the railway ring
(N = 1,600,572)

Living at < = 50 m from HTR

Living at < = 50 m from HTR

N %  OR' 95% Cl OR* 95% Cl N %  OR' 95% Cl OR* 95% Cl
Age group
0-17 39515 236 100 1.00 250,024 140 1.00 1.00
18-34 58731 254 110 105-115 118 110-127 361438 149 108 105-111 105 101-109
35-64 128539 246 105 102-109 115 107-122 692614 151 110 107-112 105 102-108
65-74 36099 252 109 104-115 174  106-122 178233 169 125 119-131 121  1.15-127
75+ 35442 252 109 104-114 115  108-122 118263 189 143  136-151 136 1.29-143
Area based SEP
High 107244 218 1.00 1.00 258421 165 1.00 1.00
Medium-high 96397 245 117 091-149 116 091-148 282154 172 105 086-129 106 087-130
Medium 50480 285 143  109-189 141 107-186 315283 194 122 099-149 123  1.00-151
Medium-low 26347 272 134  090-199 130 088-193 364457 141 084 068-103 085 069 -105
Low 8858 315 165 074-366 160 072-359 380250 112 065 052-081 066 053 -082
Education*
University 75040 225 100 1.00 175,926 17.0 1.00 1.00
High school 103950 252 115  110-121 114  109-119 520729 158 093 090-097 096 093 -0.99
Secondary school 90,623 265 129 118-142 124 114-134 710587 150 084 078-090 095 090 - 099
Primary school 16179 241 124 112-137 117  107-128 114722 142 077 071-084 090 085-096

*(> = 6 year olds)
1 multiple regression models including sex, and age group

+ multiple regression models including sex, age group, area-based SEP, and education

history in Rome with the consequence that people of
medium-high social class are located in the more central
and prestigious areas of the city where there are more
high traffic roads. The prices of dwellings in the city
centre are much higher than in the suburbs and the
poor air quality is rewarded by prestigious buildings,
good quality of public transportation, and access to sev-
eral facilities. This clearly explains why elderly are more
exposed to traffic air pollution: in the past it was still
affordable for young couples to buy a flat in the city
centre, but now the value of dwellings is so high com-
pared to the suburbs that in the last decades young new
families have tended to live in the periphery. The same
reasons explain the different socioeconomic distribution
of population by area of the city, new residents in the
city centre tend to be very well-off whereas less advan-
taged people move from the centre to the suburbs for
economic reasons. It is interesting, however, that
restricting the analysis to the city centre, the relation-
ship between SEP and traffic exposure changes, with
low exposures in residents better educated or who live
in a high SEP area, suggesting that environmental
inequalities do exist in the central area.

As indicated before, the large number of people resid-
ing close to busy roads in Rome underlines the need for
a public health attention to the issue. Unfortunately,

there are few comparable measures from other cities in
the world to evaluate whether other places have similar
distribution values to what we found in Rome. In the
Netherland cohort study, almost 5 percent of the study
members lived within 50 meters of a busy road, whereas
it has been reported that the proportion of the popula-
tion living within 50 meters from a major road in Los
Angeles and Toronto is approximately 32% [6,14]. A
meta-analysis of the available evidence indicates that for
most pollutants there is a distant decay gradient in the
range of 100-400 meters from the source and therefore
the population with direct exposure to traffic-related
pollution is even higher [33].

Our results on the association between SEP and traffic
exposure were similar to those from a study in the
Netherlands [5], but in contrast with the results from
studies on environmental equity from other countries,
especially the US [15,34-36]. However a study by Buz-
zelli and Jerrett found that in Toronto racial minority
groups were less exposed to air pollution than other
groups, and that dwelling values predicted total sus-
pended particulates levels in Canada [37].

Most of the early evidence that people of lower socio-
economic status are more exposed to air pollution
comes from studies that have considered point sources,
mainly industrial settlements [14]. On the other hand,
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the recent literature available on exposure to traffic is
more limited. Comparability is also difficult given the
use of diverse measures of exposure to air pollution,
and different measures of socioeconomic position. In
the studies conducted in the US, it is taken for granted
that disadvantaged groups of the population live in the
worst environmental conditions including high exposure
to outdoor air pollution [17]. It should be recognized
that the literature on the issue is still limited and addi-
tional observations are needed from different parts of
the world. Our finding in Rome is not new. In a pre-
vious investigation on short-term effects of PM;, in the
city, we pointed out that emissions of PM, CO, NOx,
and benzene were higher in areas of higher socioeco-
nomic status [25]. In addition, in a large cross-sectional
study of adults, GIS indices of exposure to traffic and
estimated NO, level at the residential address from a
land use regression model were directly linked with
socioeconomic position [13].

Despite the socioeconomic gradient of exposure, the
short-term mortality effects of PM;, in Rome were lar-
ger in the low socioeconomic groups perhaps as a result
of a different susceptibility level of poor people rather
than to different proximity to traffic [25]. On the other
hand, the fact that higher socioeconomic groups live in
high traffic areas does not necessarily mean that they
are more exposed than underprivileged groups are.
More advantaged people work in air-filtered office
buildings than outside, they use private transportation
more than public transportation, they are more likely to
live closer to their work places, they are more likely to
spend the week-ends outside the city than low socioeco-
nomic groups. Clearly, investigations on personal expo-
sure to air pollutants are needed to better qualify the
issue.

Important new evidence has been accumulating on the
effects of long-term exposure to traffic-related air pollu-
tants. Although the relationship between traffic-related
air pollutants and cardiovascular mortality and morbid-
ity has not been clearly defined yet, it is clear that parti-
culate matter has an effect on the cardiorespiratory
system [14,38]. An important study on long-term effects
of PM, 5 on the cardiovascular system was conducted in
the US [39]. The follow-up included more than 65,000
postmenopausal women (Women Health Initiative)
without previous cardiovascular disease in 36 US metro-
politan areas from 1994 to 1998. Each 10 pg/m? increase
in PM, 5 was associated with a 24% increase in the risk
of a cardiovascular event and a 76% increase in the risk
of death from cardiovascular disease. A report from
Oslo has linked long-term exposure to traffic-related
pollutants to cause-specific mortality [40]. A consistent
effect on all causes of death was found for both sexes
and age groups; the effects were particularly strong for
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COPD. The study shows that people with COPD disease
and the elderly seem to be affected by air pollution at
lower levels than the general population. Important
results are available for myocardial infarction as its
occurrence [9,41] and survival have a strong links with
particulate matter exposure [42].

This study has some limitations. First, we used proxy
measure of exposure at residence rather individual mea-
sures of exposure to traffic related pollutants. Second,
we used the interpolation method for geocoding instead
of a building/parcel method, and this could result in an
inaccurate exposure characterization, especially in the
periphery of Rome where street segments are longer
than in the centre. Finally, when we geocoded the
addresses of participants living in a multi-storey build-
ing, we assigned the distance to the front door to all
residents in the building, irrespective to their real
position.

The results of our investigation with respect to the
history of previous hospitalization should be interpreted
for descriptive purposes only. They are useful to evalu-
ate the specific vulnerability of the population in rela-
tion to the environmental exposure and they indicate
that from a public health point of view there is a sub-
population that is more susceptible that needs to be
protected in a more intensive way.

Conclusions

We have shown that living nearby traffic is a widespread
phenomenon in Rome, and that people who live close to
traffic are older, better educated, and reside in higher
socioeconomic areas than those who live far. The study
population will be followed to better understand the
potential health effects of traffic-related air pollution
exposure.
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