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Study objective: To evaluate the independent and mutual effects of neighbourhood deprivation and of
individual socioeconomic conditions on mortality and to assess the trends over the past 30 years and the
residual neighbourhood heterogeneity.
Design: General and cause specific mortality was analysed as a function of time period, highest
educational level achieved, housing conditions, and neighbourhood deprivation, using multilevel Poisson
models stratified by gender and age class.
Setting: The study was conducted in Turin, a city in north west Italy with nearly one million inhabitants and
consisting of 23 neighbourhoods.
Participants: The study population included three cohorts of persons aged 15 years or older, recorded in
the censuses of 1971, 1981, and 1991 and followed up for 10 years after each census.
Main results: Individual and contextual socioeconomic conditions showed an independent and significant
impact on mortality, both among men and women, with significantly higher risks for coronary heart and
respiratory diseases among people, aged less than 65 years, residing in deprived neighbourhoods (9%
and 15% excess for coronary heart diseases, 20% and 24% for respiratory diseases, respectively for men
and women living in deprived neighbourhoods compared with rich). The decreasing time trend in general
mortality was less pronounced among men with lower education and poorer housing conditions,
compared with their more advantaged counterparts; the same was found in less educated women aged
less than 65 years.
Conclusions: These results and further developments in the evaluation of impact and mechanisms of other
contextual effects can provide information for both health and non-health oriented urban policies.

onitoring the geographical distribution of health
status within a city is essential for detecting avoidable
heterogeneity and its sources. Variations in health
among neighbourhoods can be closely related to differences
in their composition in terms of individual characteristics,
which consist of specific types of behaviour and risk factors,
including, or influenced by, individual socioeconomic conditions. However, variations in health cannot be totally
explained by compositional characteristics and could in part
be related to the characteristics of the area itself (that is,
contextual characteristics).1
Although a number of recent studies have investigated
heterogeneity in health among neighbourhoods and the
impact of neighbourhood level socioeconomic conditions on
mortality, morbidity, risk factors, and behaviour,2 the
existence of an actual neighbourhood effect, the different
magnitude of its effect on different causes of deaths within
broad age groups, and its underlying mechanisms remain to
be determined. Moreover, it is not known whether the
finding of a neighbourhood effect in a given city could be
generalised to cities as a whole, in that the observed
contextual conditions and the magnitude of their effects on
health mainly depend on the specific context (that is,
affecting certain population groups in certain types of
areas).2 3
The research on the role of contextual characteristics has
been recently stimulated by the development of advanced
statistical methods, such as multilevel modelling,4 5 which
can be used to analyse geographically nested data in the
attempt to disentangle the independent and mutual effects of
compositional and contextual characteristics. The advantages

of these methods lie in the fact that intra-cluster correlation
among individuals can be taken into account, providing more
appropriate statistical significance of the effects being
evaluated. Moreover, the implementation of these methods
is facilitated by specific software.6–8
In Italy, there is evidence of individual and small area
socioeconomic gradients in mortality, mainly for populations
living in large cities.9–12 Some preliminary analyses of
neighbourhood variations in mortality, adjusting for compositional socioeconomic variability, have highlighted the
presence of a residual geographical heterogeneity.12
The objective of this study was to evaluate the independent
and mutual effects of neighbourhood deprivation and of
individual socioeconomic conditions on mortality, to assess
the time trends over the past 30 years and the residual
neighbourhood heterogeneity in the city of Turin, Italy.

METHODS
The study was conducted in Turin, a city of about one million
inhabitants located in north west Italy. The study population
was selected from that of the Turin longitudinal study,13
which includes census data for all persons who resided in
Turin according to at least one of the last three decennial
censuses (1971, 1981, and 1991). For each person, the Turin
longitudinal study records the census socio-demographical
information and collects information on vital status, cause of
death, hospital admissions, the incidence of cancer and
diabetes, and drug prescriptions, obtained through record
linkage with the local population registry and other local
health information systems. The Turin longitudinal study
database currently includes records for 2 003 265 persons.
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vascular diseases, and respiratory diseases. First mortality
was modelled as a function of time period, neighbourhood
deprivation, age and place of birth, then individual education
and housing conditions were introduced in the models (see
appendix).
Statistical analyses were performed using SAS System8 and
MLwiN6 software packages.

RESULTS
Figure 1 shows the distribution of the study population by
educational level, separately within the age groups 15–64
years and >65 years, and for the three study cohorts. For
both age groups, the percentage of persons with the highest
educational level increased over time, although the increase
was obviously less pronounced among the older persons.
There was also a similar improvement in the housing
conditions (data not shown), with a particularly noticeable
increase in the percentage of persons living in a large
dwelling and a decrease in the percentage of persons living in
a dwelling with no indoor bathroom or heating.
Figure 2 shows the cumulative mortality rates (standardised by age and gender) for all causes of death in Turin’s 23

Figure 1 Number of people (%) by educational level in the three study
cohorts (respectively consisting of resident people aged more than 15
years in 1971 and followed up to 1980, resident people aged more than
15 years in 1981 and followed up to 1990, resident people aged more
than 15 years in 1991 and followed up to 1999).
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This analysis was conducted on three cohorts, which
consisted of those persons aged 15 years or older who were
recorded in the censuses of 1971 (n = 799 564), 1981
(n = 889 432), and 1991 (n = 821 736); the first two cohorts
were followed up for the subsequent 10 years, while we were
able to follow up the third cohort until December 1999.
To represent individual socioeconomic conditions, we used
the census data on: (1) highest educational level achieved
(high school or college, middle school, primary school or
less), as a proxy for social position, and (2) a composite index
of housing conditions (that is, large dwelling; small dwelling—owned; small dwelling—rented; and dwelling with no
indoor bathroom or heating), used as a proxy of individual
economic resources.
For each person, the neighbourhood of residence at the
time of the census was taken into account (a total of 23
administrative neighbourhoods and a median number of
41 139 inhabitants). A neighbourhood deprivation index14 15
was computed based on individual conditions of deprivation
in terms of educational resources, economic status, and
family support, specifically: low educational level (that is,
primary school or less), manual job, rented dwellings,
dwellings without an indoor bathroom, household crowding,
and single parent households with children. The index was
computed by cumulating the standardised scores of each of
these conditions at the neighbourhood level; the neighbourhood scores were then classified into five categories,
according to quintiles, which were then further collapsed
into three groups for the multivariate analysis (advantaged = quintiles I and II, medium = quintile III, and deprived = quintiles IV and V).
Within each stratum defined by specific gender and broad
age group, general and cause specific mortality during each of
the three cohort periods (that is, 1971–80, 1981–90, and
1991–99) was analysed through multilevel models, with
Poisson response and logarithmic link function: firstly, it was
modelled as a function of time period and neighbourhood
deprivation, controlling for individual demographical characteristics, that is, age class (15–39 and 40–64 for people in
the 15–64 age group, 65–74 75–84, and >85 years for people
aged 65 years or more ) and place of birth (that is, northern
Italy, central Italy, southern Italy and the islands, and
abroad); secondly, individual education and housing conditions were introduced as covariates in the models (see
appendix for a description of the models fitted, for example,
for people aged 15–64 years). The estimation procedure was
based on second order penalised quasi-likelihood method,
with fitting obtained through restricted iterative generalised
least squares4; an extra Poisson individual variation was
included in the models to allow for the over-dispersion of
mortality among individuals within a given neighbourhood.
Variations among the three time periods in the effects of
individual and contextual socioeconomic conditions on
general mortality, were tested using an approximate Wald
test4 on the related interaction terms: when the test was
significant, specific models were fitted, and the coefficient for
the time period effect was estimated within each stratum of
the given socioeconomic variable. Moreover, significance of
random effects was evaluated using the approximate Wald
test; this test was also used to assess significance of variations
in the effect of individual socioeconomic conditions by level
of neighbourhood deprivation, through testing on the related
interaction terms.
We finally looked at patterns of neighbourhood deprivation
effect, on mortality from specific causes more related to
socioeconomic determinants: multilevel models were fitted
on mortality by diabetes, stomach cancer, lung cancer,
psychological discomfort (AIDS, overdose, psychiatric diseases, suicides, homicides), coronary heart diseases, cerebro-
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37.5
(35.8 to 39.3)

28.0
(27 to 29.1)
29.3
(27.2 to 31.6)
32.1
(30.8 to 33.4)

73.8
(71.2 to 76.4)

30.2
(28.5 to 32)

21.8
(21.1 to 22.5)
24.9
(23.1 to 26.9)
27.2
(25.8 to 28.7)

64.7
(62.1 to 67.5)

1981–90
Rate
(95% CI)
43.5
(42.5 to 44.5)
45.5
(42.8 to 48.3)
55.8
(53.6 to 58)

21.8
(20.4 to 23.4)
23.7
(22.6 to 24.9)
25.1
(24.3 to 26)

Rate
(95% CI)
38.1
(36.5 to 39.7)
47.8
(46.2 to 49.4)
55.1
(53.7 to 56.5)

Rate
(95% CI)
48.6
(46.2 to 51.1)
57.5
(55.4 to 59.8)
63.9
(62.6 to 65.3)
26.7
(24.4 to 29.2)
31.0
(29.4 to 32.6)
31.7
(30.9 to 32.5)
People aged 15–64
1971–80
Rate
(95% CI)
52.6
(51.2 to 54)
53.6
(50.6 to 56.9)
64.4
(62.4 to 66.4)

1981–90

1971–80

People aged 15–64

28.9
(26.4 to 31.6)

18.4
(17.7 to 19.1)
20.6
(19 to 22.5)
22.5
(20.7 to 24.4)

58.4
(54.9 to 62.1)

1991–99
Rate
(95% CI)
33.8
(32.9 to 34.7)
38.8
(36.4 to 41.5)
47.8
(45.2 to 50.7)

17.1
(15.9 to 18.4)
19.8
(18.8 to 20.8)
22.4
(21.1 to 23.9)

Rate
(95% CI)
27.6
(26.2 to 29)
39.1
(37.7 to 40.6)
51.3
(49 to 53.7)

1991–99

600.3
(586.9 to 614.1)

528
(517.8 to 538.4)
535.8
(512.9 to 559.7)
564
(550.7 to 577.7)

829.8
(810.2 to 849.8)

464.5
(440.4 to 490)
499.1
(480.6 to 518.2)
570.5
(563.1 to 578)
People aged >65
1971–80
Rate
(95% CI)
684.9
(671.9 to 698)
686.1
(661.1 to 712.1)
788.6
(770.3 to 807.3)

Rate
(95% CI)
656.7
(634.6 to 679.5)
730.7
(707.4 to 754.7)
759.8
(749.4 to 770.3)

1971–80

People aged >65

511.5
(499.4 to 523.8)

427.2
(420.5 to 434.1)
424.5
(411 to 438.4)
463.3
(452.8 to 473.9)

725.4
(702.7 to 749)

1981–90
Rate
(95% CI)
577.7
(568.5 to 587)
580.6
(562.2 to 599.5)
677.6
(660.3 to 695.4)

374.9
(359.6 to 390.9)
418.2
(406.6 to 430.2)
463.7
(458.1 to 469.4)

Rate
(95% CI)
525.6
(509.5 to 542.2)
603.0
(586.9 to 619.5)
641.2
(632.4 to 650.1)

1981–90

422.7
(408.9 to 437.1)

353.1
(347.6 to 358.7)
351.1
(340.6 to 362)
387.9
(377.8 to 398.2)

632.9
(608.8 to 658)

1991–99
Rate
(95% CI)
482.2
(474.9 to 489.6)
518.8
(502.8 to 535.3)
603.4
(584.3 to 623.1)

312.6
(300 to 325.8)
342.7
(333.8 to 351.8)
378.4
(373.3 to 383.5)

Rate
(95% CI)
447.3
(434.4 to 460.5)
500.7
(488.2 to 513.6)
541.9
(533.6 to 550.4)

1991–99
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Dwelling with no indoor bathroom or
heating

Small dwelling—rented

Small dwelling—owned

Women
Large dwelling

Dwelling with no indoor bathroom or
heating

Small dwelling—rented

Small dwelling—owned

Large dwelling

Men

Housing conditions

Primary school or less

Middle school

Women
High school or college

Primary school or less

Middle school

Men
High school or college

Educational level

Table 1 Standardised mortality rates (610 000 person years), by educational level and housing conditions; 1991 Turin sex-age class specific population as reference
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large dwelling
small dwelling—owned
small dwelling—rented
dwelling with no indoor bathroom or
heating
Time by education
high school or college
middle school
primary school or less

1.07 to 1.20
1.14 to 1.27
0.85 to 0.89
p = 0.07
p,0.001

*Adjusted for age and area of birth; adjusted for age, area of birth, and all the other reported variables.

Results of stratum specific models

Time period
Variance components:

Neighbourhood

Educational level

0.97 to 1.08
0.77 to 0.82
0.91 to 0.98
1.02 to 1.07

1.02
0.80
0.94
1.05

1.31
1.26 to 1.36
1
1.40
1.34 to 1.46
1.94
1.86 to 2.02
1
1.07
1.00 to 1.14
1.09
1.03 to 1.16
0.96
0.95 to 0.98
est = 0.003
p = 0.01
est = 1.558
p,0.001
RR for increasing
time period
95% CI
0.91
0.89 to 0.93
1.00
0.95 to 1.05
1.03
1.00 to 1.06

0.98 to 1.07
1.02 to 1.09

1
1.02
1.05

1
1.07
1.08
0.84
est = 0.001
est = 1.714

RR*

large dwelling
small dwelling—owned
small dwelling—rented
dwelling with no indoor bathroom or
heating
high school or college
middle school
primary school or less
advantaged
1
medium
1.13
deprived
1.20
by period
0.87
neighbourhoods
est = 0.002
individuals
est = 2.152
Time by house characteristics

People aged >65
95% CI

RR

RR*

95% CI

People aged 15–64

1.03 to 1.11
1.04 to 1.11
0.83 to 0.85
p = 0.05
p,0.001

95% CI

0.97 to 1.03
1.14 to 1.19

1
1.00
1.16

0.84
0.85
0.88

0.90

0.82 to 0.86
0.83 to 0.86
0.87 to 0.90

0.88 to 0.92

1.22
1.19 to 1.26
1
1.10
1.06 to 1.13
1.15
1.12 to 1.18
1
1.05
1.02 to 1.08
1.04
1.02 to 1.07
0.87
0.86 to 0.88
est = 0
est = 1.669
p,0.001
RR for increasing
time period
95% CI
0.85
0.83 to 0.86
0.89
0.85 to 0.93
0.89
0.87 to 0.91

95% CI

RR
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Housing conditions

Table 2 Poisson multilevel models on general mortality, men
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p,0.001

0.98 to 1.07
1.01 to 1.09
0.82 to 0.86

1.00 to 1.16
1.12 to 1.27

1.10 to 1.20

0.77 to 0.86
0.85 to 0.92
0.96 to 1.00
Time by education
High school or college
middle school
primary school or less

*Adjusted for age and area of birth; adjusted for age, area of birth, and all the other reported variables.

0.82
0.89
0.98

p,0.001
Results of stratum specific models

Time period
Variance components:

Neighbourhood

Educational level

Housing conditions

large dwelling
small dwelling—owned
small dwelling—rented
dwelling with no indoor bathroom or
heating
high school or college
middle school
primary school or less
advantaged
1
medium
1.12
deprived
1.16
by period
0.85
neighbourhoods
est = 0
individuals
est = 1.213

95% CI

1.08 to 1.16
1.12 to 1.19
0.84 to 0.86

1.42
1.38 to 1.45
1
1.21
1.17 to 1.25
1.49
1.45 to 1.53
1
1.08
1.05 to 1.11
1.08
1.06 to 1.11
0.93
0.92 to 0.94
est = 0
est = 1.073
p,0.001
RR for increasing
time period
95% CI

1.11 to 1.17
1.11 to 1.17
1
1.14
1.14

1
1.03
1.08
0.82
est = 0
est = 5.311

p,0.001

0.99 to 1.07
1.04 to 1.12
0.81 to 0.84

0.91 to 1.01
1.02 to 1.10
1
0.96
1.06

1.15
1
1.08
1.19
1
1.03
1.05
0.84
est = 0
est = 5.872

95% CI
95% CI
People aged >65

RR*
95% CI
RR*

RR
People aged 15–64

Poisson multilevel models on general mortality, women
Table 3

203

neighbourhoods, for the three periods considered. Mortality
tended to be higher in the neighbourhoods of central and
northern Turin, with respect to the other areas.
This distribution is very similar to that of the deprivation
index, with the poorer neighbourhoods located in northern
and central Turin and in the city’s southern most point (fig 3).
This correlation between mortality and deprivation could in
part be the result of differences in the composition of the
neighbourhoods in terms of individual socioeconomic conditions, which also seem to affect the overall mortality, as
shown in table 1. Mortality increased with decreasing
educational level, among both sexes, although the increase
was less pronounced for women in the 15–64 year age group
in the first two cohorts. A similar profile was observed for
housing conditions, although for persons aged >65 years
there was a slight difference in mortality between those who
lived in a large dwelling and those living in a small owned
dwelling.
Tables 2 and 3 show the relative risk of general mortality,
as determined by Poisson multilevel models (level 1 units:
individuals; level 2 units: neighbourhoods). Mortality was
significantly higher among persons living in more deprived
neighbourhoods, for both men and women in both age
groups; a slightly but significantly higher risk of death in
deprived neighbourhoods was observed even after adjustment for individual socioeconomic characteristics (that is,
housing conditions and educational level), which seem more
important in the younger group. In the top part of the table
we reported results of the models without interactions, while
in the lower part we reported estimates of time effects as
obtained through models fitted within each single category of
socioeconomic indicator with which time interacts. We
observed a decreasing trend in mortality over the three
periods considered; the extent of this decrease was similar by
level of neighbourhood deprivation, yet among men and
among younger women it differed by individual socioeconomic conditions. Specifically, among men with poorer
housing conditions, the decrease in mortality over time was
less pronounced, or even absent among the younger group,
compared with that for persons with better housing; similar
results were obtained for educational level, with a reversed
mortality trend among the younger, and a less pronounced
decrease over time in the older, among the less educated men
(p,0.01 for both time by education and time by housing
conditions interaction terms). Among women in the 15–64
age group, no decrease in mortality was observed among the
less educated.
Non-significant interaction terms were found between
neighbourhood deprivation and time period, housing conditions, and educational level; thus the effect of neighbourhood
deprivation on mortality was steady over time and similar
across individual socioeconomic conditions.
Figures 4 and 5 show the relative risks of mortality, as
determined by Poisson multilevel models, from specific
causes, for which a significant effect of neighbourhood
deprivation was found in at least one age-gender specific
group. Men aged between 15 and 64 years and living in
deprived neighbourhoods showed a significantly higher risk
of death for coronary heart disease or respiratory diseases,
compared with people living in more advantaged neighbourhoods, even when controlling for individual socioeconomic
circumstances. For women in this age class, where a higher
proportion of the effect of area deprivation is explained by
individual socioeconomic conditions, a significant effect of
neighbourhood conditions persisted in those causes and,
though very slight, on cerebrovascular diseases. For older
people, the negligible effect of neighbourhood on causes of
death disappeared, in a large extent, after controlling for
compositional effect.
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DISCUSSION
The distribution of mortality among the neighbourhoods of
Turin closely reflects that of deprivation, with higher rates in
more deprived areas. This correlation can be explained, in
part, by the fact that the more deprived areas have a higher
concentration of less educated people (as in the industrialised
neighbourhoods of northern Turin and the extreme southern
part of the city) or they are characterised by poor housing
conditions (as in the case of central Turin). By contrast, the
more affluent neighbourhoods of south east and south west
Turin have the lowest mortality.
The results also suggest that both compositional and
contextual socioeconomic characteristics play a part in the
correlation between mortality and area deprivation. When
applying the multilevel models, which took into account
socioeconomic conditions as both compositional characteristics (that is, educational level and housing conditions) and
contextual characteristics (that is, neighbourhood deprivation), the effects of both types of conditions were significant
for mortality from all causes and, for people aged less than 65
years, from specific causes. The reduction in the effect of
neighbourhood deprivation seems to be relevant, after
including compositional socioeconomic characteristics in
the model, especially in the younger group, but not so
pronounced to exclude the contextual effect of socioeconomic
conditions. However, in the 65+ age group this is observed
only for general mortality.
We also observed a non-uniform decreasing trend in
mortality among men and younger women; specifically, with

a less evident decrease in mortality among those who were
more deprived in terms of individual socioeconomic conditions compared with the more advantaged counterparts.
Inequalities in mortality according to individual socioeconomic conditions are widening, as observed in most studies
conducted in past years in other countries.16 In general, this
may be attributable to more rapid improvements in life
expectancy among the well off component of society (less
strained, more capable of adopting a healthy lifestyle, and of
using health services). By contrast, among older women
individual inequalities in mortality have not significantly
changed over time, because of the slower improvement in
health of the more educated, as from the spread of the
‘‘smoking epidemic’’17 and from the lower fertility, with
related cancer mortality, among this group. Moreover,
changes in time period effect, before and after inclusion
of compositional socioeconomic conditions, seem to
highlight that much of the decreasing trend in mortality
among younger men and women can be explained by
changes in socioeconomic circumstances of the population
over time. We also observed that the slight and independent
role of contextual deprivation has not been changing over
time.
Previous attempts to disentangle the effects of compositional and contextual characteristics at the neighbourhood level seem to indicate that contextual characteristics
do have an effect on health, although whether or not this
effect is independent of compositional characteristics
remains to be determined.18–22 However, in our study,
Figure 3 Neighbourhoods by
deprivation level. All residents in Turin
in 1971, 1981, and 1991 censuses.
(Study cohorts respectively consisting of
resident people aged more than 15
years in 1971 and followed up to
1980, resident people aged more than
15 years in 1981 and followed up to
1990, resident people aged more than
15 years in 1991 and followed up to
1999).
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Figure 2 Deaths from all causes by
neighbourhood of Turin. Quintiles of
rates (610 000 person years)
standardised by age and gender, with
1991–1999 person years as reference.
(Study cohorts respectively consisting of
resident people aged more than 15
years in 1971 and followed up to
1980, resident people aged more than
15 years in 1981 and followed up to
1990, resident people aged more than
15 years in 1991 and followed up to
1999).
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we failed to find any significant interaction between
neighbourhood deprivation and individual socioeconomic
variables.
In the attempt to identify the mechanisms underlying the
effect of contextual deprivation, findings published so far
have highlighted an impact on many stages of the natural
history of disease and the pathway towards death. For
example, area deprivation has been found to be associated
with an increased prevalence of at risk behaviour, such as
smoking23–25 and unhealthy diet.26 It has also been shown to
affect morbidity, as determined by self reported health, long
term illness, and chronic conditions,27–29 and low birth
weight,30 31 even after controlling for individual confounders.
Studies on cause specific mortality and the occurrence of
specific diseases have provided clues as to the specific action
of neighbourhood deprivation on health. For example, area

deprivation has been consistently shown to have an effect not
only on the occurrence of coronary heart disease but also on
the risk factors related to this type of disease, with the
patterns at times varying by gender and ethnicity.26 32–37 Our
results on cause specific mortality are consistent with this
description in the 15–64 age group, with the additional
relevance of respiratory diseases shown in the Turin context.
Anyway the causal mechanisms for a neighbourhood effect
on specific health problems still need to be thoroughly
evaluated; in an attempt to better understand these
mechanisms, one study identified five groups of contextual
factors that can worsen the health of persons living in
disadvantaged neighbourhoods: physical features of the
environment, quality of housing and of the working
environment, the services provided for life of the residents
(for example, health care and transportation), sociocultural

Figure 5 Mortality by neighbourhood
deprivation for specific causes of
deaths. Poisson multilevel models,
women. (Study cohorts respectively
consisting of resident people aged more
than 15 years in 1971 and followed up
to 1980, resident people aged more
than 15 years in 1981 and followed up
to 1990, resident people aged more
than 15 years in 1991 and followed up
to 1999).
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Figure 4 Mortality by neighbourhood
deprivation for specific causes of
deaths. Poisson multilevel models, men.
(Study cohorts respectively consisting of
resident people aged more than 15
years in 1971 and followed up to
1980, resident people aged more than
15 years in 1981 and followed up to
1990, resident people aged more than
15 years in 1991 and followed up to
1999).
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Policy implications

N

N

N

N

Variations in health among neighbourhoods can be
partly related to differences in their composition in
terms of individual socioeconomic characteristics, but it
has been suggested that they could also be produced
by the characteristics of the area itself.
We observed that both individual and contextual
socioeconomic conditions had an independent and
significant impact on mortality in the city of Turin, in
both sexes, with significantly higher risks for coronary
heart and respiratory diseases among people, aged
less than 65 years, residing in deprived neighbourhoods.
The decrease in mortality over the past 30 years was
less pronounced among men and women with a lower
educational level and among men with poorer housing
conditions, compared with their more advantaged
counterparts; by contrast, the effect of contextual
deprivation has not been changing over time.

features, and the reputation of an area; a classification based
on universal human needs could support the operational
definition of indicators aimed at measuring the health impact
of these dimensions.3
We considered place of birth as a compositional characteristic: this represents a strong confounder in the association
between health and socioeconomic characteristics in Turin,
as this city has for nearly half a century experienced a great
influx of persons immigrating from other parts of Italy,
especially from southern Italy, whose native population has
been shown to be healthier than the population of Turin38
and more deprived. However, our finding of a slight residual
geographical variability in general mortality among
younger men, even after controlling for individual and
contextual variables, may have been attributable to misclassification or to the failure to take into consideration other
important compositional determinants, as for example
occupational exposures, or contextual characteristics, like
public housing urban interventions affecting selective residential mobility.
Inferences on neighbourhood level effects usually present
methodological challenges. One of them is the choice of
boundaries for level 2 units: the selection of administrative
neighbourhoods is debatable,2 39 in that it assumes that there
is plausible and measurable variation in contextual characteristics at this area level. Our choice of administrative
boundaries was based not only on the availability of data but
also on the knowledge that, in Turin, a given neighbourhood
is, to a large extent, socially, culturally, and historically
homogeneous. The neighbourhood distribution of the Turin
population has been, in fact, strongly produced by the
expansion and by the allocation of the industrial production
during the 20th century: this has determined the stratification of successive migratory waves and the socioeconomic
characterisation of areas (even if irregularly over time).40
Inferences regarding the deprivation effect at this level can
involve factors that are relevant to health at this geographical
level (for example, the availability of services, quality of life,
and safety); they can also be important in supporting certain
urban area policies.
It could be argued that the effect of neighbourhood
deprivation that we observed was diminished by having
controlled for individual housing conditions, which may have
captured part of the contextual effect, in that housing

www.jech.com

N

N

N

Inferences regarding the neighbourhood socioeconomic deprivation effect can be important in supporting urban policies.
Future developments in the evaluation of the operating
mechanisms underlying the effect of aggregate deprivation and in the assessment of the impact of other
contextual characteristics, will provide important elements for both health and non-health oriented urban
policies for reducing or eliminating the exposure to
health hazards.
The massive recruitment of labourers carried out by
Turin industries from 1950s to 1970s was not
accompanied by any programmed territorial initiatives
that took into account adequate health and social
services. Only recently the most critical neighbourhoods are subject to comprehensive community
involvement policies, based on improvement of labour,
social, and healthcare services.
This study offers an example of the available tools for
the evaluation of the impact of these policies and to
stimulate cooperation among actors within different
public and private institutions.

conditions are the same within a building or blocks of
buildings in the same area. None the less, the area on which
we based the contextual deprivation index is large enough
that we can assume that the two sets of information refer to
independent dimensions.
Given the nature of our study design, we were not able to
take into account the impact of residential changes over
lifetime and the cumulative effects of socioeconomic environment over the entire study period. Notwithstanding these
and other limitations, we believe that this study and similar
studies can provide important information for developing
more than just local health policies; in fact, developments in
the evaluation of the impact of other contextual characteristics and in the investigation of the operating mechanisms
underlying the effect of aggregate deprivation on health
are important elements for urban policies having an
impact on health. Particularly in the extreme south and
north areas of the town, the massive recruitment of labourers
carried out by industries from 1950s to 1970s was not
accompanied by any programmed initiatives for adequate
health and social services within territory, in order to answer
to the health and well being needs of the new labourers; this
lasted until the 1990s, with the exception of sporadic
interventions.41 Only recently the most critical neighbourhoods are subject to comprehensive community involvement
policies, based on enhancement of labour, social, and
healthcare services.
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APPENDIX
As an example, for people in the 15–64 age group, the models
fitted were:

STEP 1
log pij = offset+b 1j+b 2 timeij+b 3 age 40264ij+b4 borne in
centre ij+b5 borne in south/isle ij+b6 borne abroad ij+b7
medium neighbourhoodj+b8 deprived neighbourhoodj
where
b 1j = b 1+u 1j
deaths ij,Poisson (pij)
deaths ij = pij+e ij
u 1j,N (0, s2u1)
e ij,(0, s2e)

STEP 2
log pij = offset + b 1j+b 2 timeij+b 3 age 40264ij+b4 borne in
centre ij+b5 borne in south/isle ij+b6 borne abroad ij+b7
medium neighbourhoodj+b8 deprived neighbourhoodj+b9
middle schoolij+b10 primary school or lessij+b11 small dwelling ownedij+b12 small dwelling rentedij+b13 no toiletij
where
b 1j = b 1+u 1j
deaths ij,Poisson (pij)
deaths ij = pij+e ij
u 1j,N (0, s2u1)
e ij,(0, s2e)
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