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Summary. The present review describes and critically analyzes the main characteristics of depriva-
tion indices (DIs), meant as measures of material and social circumstances at a population level,
used to adjust for deprivation in small-area studies of environment and health. A systematic search
strategy in the period 1990-2009 was run on PubMed/Medline and Embase databases, and 41 ar-
ticles were selected. In most of the reviewed studies DIs appear to be pragmatically applied and
information is not adequate to evaluate whether the use of DIs is efficient. Suggestions for the use of
DIs are given foreseeing that more data on exposure, outcomes and other predictive factors will be
acquired, and information will be growingly available to disentangle the complex interplay between
exposure, health and deprivation.

Key words: environmental exposure, socioeconomic factors, confounding factors, review.

Riassunto (Indicatori di condizioni materiali e sociali per aggiustare per deprivazione negli studi di pic-
cola area su ambiente e salute: rassegna e prospettive). La presente rassegna descrive e analizza criti-
camente le principali caratteristiche degli indici di deprivazione (ID), intesi come indicatori di circo-
stanze materiali e sociali a livello di popolazione, utilizzati negli studi di piccola area su ambiente e
salute per aggiustare per deprivazione. E’ stata eseguita una strategia di ricerca sistematica sulle basi
di dati PubMed/Medline ed Embase per il periodo 1990-2009. Dalla bibliografia risultante sono stati
selezionati 41 articoli. Nella maggior parte degli articoli gli ID risultano applicati in modo pragmatico
e le informazioni fornite non sono sufficienti per valutare se ’aggiustamento risulti efficiente o meno.
Alla luce di quanto emerso vengono forniti suggerimenti per I'uso degli ID, prevedendo che nel pros-
simo futuro saranno maggiormente disponibili sia i dati sull’esposizione, gli outcome e altri fattori
predittivi, che le informazioni per comprendere la complessa interrelazione tra esposizione, salute e
deprivazione.

Parole chiave: esposizione ambientale, fattori socioeconomici, fattori di confondimento, rassegna.

INTRODUCTION

Deprivation can be defined as “a state of observ-
able and demonstrable disadvantage relative to the
local community or the wider society or nation to
which an individual, family or groups belong” [1]. It
is a multidimensional concept in which two main do-
mains can be distinguished: material and social cir-
cumstances. Following Townsend, the first involves
“the material apparatus, goods, services, resources,
amenities and physical environment and local life”,
the second “the roles, relationships, functions, cus-
toms, rights and responsibilities of membership of
society and its subgroups” [1].

Area-based measures of material and social cir-
cumstances, defined as deprivation indices (DlIs), are
indicators of relative deprivation at a population lev-
el. They were developed in Great Britain in the *80s to
describe and study inequalities in health [2, 3].

In small-area studies of environment and health,
potential confounding from deprivation is present in
many cases being its role predictive of several diseas-
es [4, 5]. For example the risk is higher in more dis-
advantaged categories for respiratory cancers (nose,
larynx and lung), and cancers of the mouth, pharynx,
oesophagus, and stomach [6, 7]. This is a major prob-
lem especially since any risk from typical environmen-
tal pollution tends to be small, and may be swamped
by deprivation because deprived population may con-
centrate in polluted areas [4]. To appropriately adjust
for material and social circumstances, DIs have been
extensively used since the mid *90 [4, §].

In small-area research, territorial unit at study is
identified in various ways depending on data avail-
ability which is variable in different countries; data
for numerator — events at study — and for denomina-
tor — population at study — must be available at the
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same area level. According to Carstairs, “the spe-
cific value of small-area analysis is that it permits
the examination of data for population which tend
to be more homogeneous in character and in their
environmental circumstances than are larger and
more widely spread populations” [9].

In the present paper the main characteristics of
DIs in small-area studies of environment and health
are reviewed; their application is analysed; sugges-
tions for future studies are made.

METHODS

Coherently with the paper aim, the authors iden-
tified keywords, an initial search strategy, and
determined the studies inclusion/exclusion crite-
ria. Ecological studies were considered eligible if
small-area designed, and evaluating the association
between environmental exposure and mortality or
morbidity. Since DIs have been extensively used
from the mid ’90s in ecological small-area studies, it
was agreed to settle a 1995-2007 time range for pub-
lication date. No publication language limit was set.
Then an informal trial search was fixed on PubMed

database The following terms were used: small-area,
deprivation, socio-economic, epidemiology, mor-
bidity, mortality, cancer, proximity, environment.

By this search relevant studies were retrieved and
selected, and further articles were taken into account
by examining bibliography included in the selected
studies, or because already known to the authors.
Aware that some relevant and well-known articles
were missing, the authors considered that potential
articles citing DI were also to be retrieved, even if
not specifically addressing to it as main investigative
topic. Therefore, a systematic search strategy simul-
taneously taking into account the four basic con-
cepts was set up: a) measure of material and social
circumstances (DI); b) study design (small-area); c)
geographic location of exposed populations (prox-
imity to the source of exposure); d) potential envi-
ronmental exposure. Points a) and b) were included
in the following main search filter, from which oc-
cupational studies were excluded:

((“small-area” OR “small area” OR ecologic OR
ecological OR environment OR environmental) AND
( (socioeconomic OR “socio economic” OR “social and

Table 1| Full search strategy executed on PubMed|Medline database and repeated on Embase — Ovid Interface — to perform a
systematic review of the literature published from January 1990 to November 2009

#1 (“small area” OR “small-area” OR “ecological study” OR “ecological studies”)

AND

#2 (socioeconomic OR “socio economic” OR deprivation OR poverty))

OR

#3 (socioeconomic factors OR “lifestyle factors” OR socioeconomic indicator” OR “socioeconomic indicators” OR “deprivation studies” OR
“deprivated sites” OR health status OR residence characteristics OR “socioeconomic deprivation score” OR poverty OR poverty areas OR
housing OR “socioeconomic status” OR catchment area (health) OR “population data” OR “socioeconomic data” OR “socioeconomic inequity”
OR “neglected areas” OR “neglected populations” OR “socioeconomic differences” OR “socioeconomic conditions” OR “socioeconomic disparity”
OR “socioeconomic position” OR “socioeconomic deprivation” OR “educational inequality” OR “socioeconomic inequality” OR “unequal social
distribution” OR “impoverished neighbourhoods” OR “impoverished neighbourhoods” OR  “ecological comparisons” OR “socioeconomic
disadvantage” OR “ecological evaluation” OR social class OR social isolation)

AND

#4 (“high risk factories” OR “environmental crisis” OR “landfill sites” OR “chemical industry” OR petroleum OR “iron industry” OR “steel industry”
OR “coke industry” OR “industrial complexes” OR “oil refineries” OR “power plants” OR “mine industry” OR “mining industry” OR “ship industry”
OR “ships industry” OR “naval industry” OR cokeworks OR “coke works” OR air pollution OR ashestos OR “pesticide factory” OR “pesticides
factory” OR “pesticides factories” OR “mineral fibers” OR “mineral fibres” OR electromagnetic fields OR elf OR “television transmitters” OR “radio
transmitters” OR radiofrequency OR radiofrequencies OR “radio frequency” OR “radio frequencies” OR waste disposal OR sewage OR landfills OR
incinerated OR incinerator OR incinerators OR “natural radiation” OR “natural radioactivity” OR radon OR “coke plant” OR “coke plants” OR “solid
waste” OR “military sites” OR “industrial areas” OR foundry OR foundries OR “petrochemical industry” OR “waste combustion plant” OR “waste
combustion plants” OR radio OR television OR “environmental pressure” OR “high power transmitter” OR “high power transmitters” OR “sewage

plant” OR “sewage plants”)
OR

#5 (coke OR extraction and processing industry OR coal mining OR sewage OR refuse disposal OR electromagnetic fields OR radio waves OR
television OR asbestos OR air pollution OR aerosol OR incineration OR environmental pollution OR hazardous waste OR odors OR odours OR
chemical industry OR hazardous substances OR air pollutants OR environmental exposure OR environmental pollutants OR book industry OR

tanning OR textile OR tobacco industry)
AND

#6 (exposure OR proximity OR distance OR “living near” OR “residents near” OR indwelling OR environmental illness OR “resided near” OR “close
to” OR “residents living within” OR “proximity of residence” OR “populations living within” OR “populations living in areas” OR municipality OR
municipalities OR “population of” OR “populations of” OR “distance from” OR “living within” OR census OR areas OR “residents living close to” OR

“area of residence” OR “deaths within” OR “cancers within”)
#1 AND (#2 OR #3) AND (#4 OR #5) AND #6
Limits: Publication Date from 1990/01/01
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economic” OR deprivation) AND (index OR indices
OR indexes)) NOT (occupational OR occupations OR
occupation OR job OR work OR worker OR workers)
Limits: Humans.

Each concept was translated from natural English
language into controlled terms, when available, and
into text words and synonyms, to attain also studies
not yet or selectively indexed. This explicit search
strategy (Table 1) was successively run on PubMed/
Medline and Embase databases to perform a system-
atic review of the literature published from January
1990 to November 2009. The online search yielded
152 titles and abstracts; 29 of these were original
articles dealing with small-area studies and evaluat-
ing the association between environmental risks and
health effects, therefore were considered pertinent
and their full text was requested. Based on experts’
suggestions or on studies already known to the au-
thors and on the analysis of the bibliography in-
cluded in the selected studies, 12 more articles were
collected.

The selected studies were examined to describe the
use of DIs in small-area studies of environment and
health. Territorial unit at study, data source, compo-
nent variables and reference years were analysed for
each DI. For each investigation the main character-
istics, i.e. exposure, study and reference population,
health outcome, observation period and risk param-
eter were set forth.

RESULTS

As a result of the search strategy and selection
of the papers a total of 41 articles qualified for in-
clusion in the review; 11 of these were conducted
in Italy (4 among them are in Italian), 26 in Great
Britain, two in New Zealand, one in Australia and
one in Spain. Table 2 describes the main characteris-
tics of DIs applied; index variables are described to
the letter as reported in the reviewed articles.

It came into light that Italian studies use ad hoc
DIs[10-13]and DIs developed for various epidemio-
logical settings [14, 15]. Several among them [16-21]
adopt the same index [14] but the variables are not
homogeneously reported. In Great Britain studies
published before 1997 apply ad hoc indices based on
the same variables [22-24] while later only Townsend
[25] and Carstairs [26] indices are used. Non-ad hoc
DIs [27-29] are employed in New Zealand [30, 31],
Australian [32] and Spanish [33] investigations.

It is known that DIs variables pertain to both ma-
terial and social domains [1]: employment/unem-
ployment is common, education is frequent among
DIs, the ownership of material goods is recurrent
and expressed in different ways, e.g living or not in
an own house, surface of dwellings or car owner-
ship. Some DIs include also social domains like so-
cial class or single parenthood with children.

As far as the population size, in Great Britain in
23 of the collected studies the territorial unit is the

Enumeration District [22-24, 34-53] with an aver-
age of 400 inhabitants, in two is the Electoral Ward
[54, 55], having an average of approximately 5136
inhabitants, and in the remaining one the postcode
sector, where residents are on average 6600 people,
is seemingly used [56]. In Italy instead, in seven
studies [13, 16-21] municipality is the investigated
area and the census tract is considered in four [10-
12, 57]: about 70% of Italian municipalities include
less than 5000 residents, while the mean of census
tract population is approximately 200 residents
[15]. The two New Zealand investigations acquired
look at census area unit where residents range be-
tween 3000 and 8000 inhabitants [30, 31]. Lastly, in
Australia the area analyzed is the postcode sector
— number of residents not specified in the reviewed
article [32] — and in Spain is the census tract, where
the mean population under study is about 1000
subjects [33].

As far as DIs construction, it must be noted that
in all studies DIs were built using variables from the
National Census. Three are the main methods used
to treat variables in DIs calculation (for a review of
the topic see references 3 and 58). The first is to cal-
culate standardized z-scores of a priori selected vari-
ables. The second is to define the major components
in large datasets of variables by factor analysis. The
third is to assign weights to the selected variables us-
ing the evaluation of their relative importance from
a representative sample of population (e.g through
questionnaires submitted to health experts). The
first and third can be combined.

In the reviewed articles, most DIs are derived from
the sum of standardized z-scores of few selected var-
iables. The initial value of each variable is generally
defined on the basis of the proportion of population
with the characteristic of interest in each territorial
unit (e.g. education can be defined as the proportion
of population with elementary degree or less). Then
indices can be classified in population quantiles —
the sum of populations of territorial units belong-
ing to one class is the same for each class — or in
territorial units quantiles — each class has the same
number of territorial units.

For the reviewed investigations, the main char-
acteristics in terms of exposure, study popula-
tion, and reference entity are described in Table 3.
Environmental exposure/s under investigation can
be variously distinguished: multiple sources of pol-
lution from industries [10, 12, 13, 16, 18, 20, 21,
35-39, 46, 51, 56], air pollution from specific pol-
lutants [30, 31, 33, 48-50, 55], or traffic sources [44,
54], landfills [21, 40, 41, 43, 45, 47, 52, 53], incin-
erators [11, 23, 42, 57], asbestos/asbestiform fibres
[17,19], TV and radio transmitters [24, 32, 34] and
nitrates in drinking water [35]. Study population is
defined as exposed either because of the presence
of environmental exposure/s in the area/s [11-13,
16, 18-21, 30-33, 35, 44, 48-50, 53, 55] or because
of residence within a given distance from the puta-
tive pollution source [10, 17, 22-24, 34, 36-43, 45-
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Table 2 | Small-area environmental studies: main characteristics and components of deprivation index

Country

Italy

Great
Britain

Reference

Michelozzi et al.,
1998 [10]

Martuzzi et al.,
2002 [16]

Chellini et al.,
2002 [11]

Biggeri et al.,
2004 [17]

Parodi et al.,
2005 [12]

Biggeri et al.,
2006 [13]

Minichilli et al.,
2006 [18]

Marinaccio et al.,
2008 [19]

Federico et al.,
2009 [57]

lanni et al.,
2009 [20]

Martuzzi et al.,
2009 [21]

Sans et al.,
1995 [22]

Elliott et al.,
1996 [23]

Dolk et al.,
1997 a. [24]

Index,
quantiles

Ad hoc
Quartiles

Cadum
Quintiles

Ad hoc
Tertiles

Cadum
Quintiles

Ad hoc
30 quantiles

Ad hoc
Quintiles

Cadum
Not specified

Cadum
Quintiles

Caranci
Quintiles

Cadum
Quintiles

Cadum
Quintiles

Ad hoc
Quintiles

Ad hoc
Not specified

Ad hoc
Quintiles

Variables
(literally reported as described in the studies)

- Occupation

- Education

- Unemployment

- Number of family members
- Overcrowding

- Ownership of dwellings

- Unemployed residents as a proportion of all economically
active residents

- Population more than 6 years with elementary degree or
illiterate

- Proportion of population living in rented house

- Mean households surface

- Residents in “single parent” household as a proportion of all
households

- Percentage unemployed

- Percentage with less than seven years of formal education
- Percentage with unskilled employment

- Percentage living in rental housing

- Proportion of the unemployed active population

- Proportion of subject with low educational level

- Proportion of houses without an inside bath

- Proportion of families who do not own their residence
- Proportion of one parent families

- Ratio between unemployed and employed people
- Proportion of low educated people
- Proportion of residents immigrated from southern Italy

- Proportion of population more than 6 years with elementary
degree or
illiterate
- Proportion of unemployed active population
- Mean number of occupants per room

- Proportion of unemployed population

- Proportion of population with elementary degree
- Proportion of rented house

- Mean households surface

- Proportion of single parents with children

Not reported

- Occupation

- Educational level

- Household condition

- Density of people in 100 m2

- Families with only one parent in charge of minors

Not reported

- Unemployment

- Education

- Housing ownership
- Surface of dwelling
- Family structure

- Unemployment
- Overcrowding
- Social class of the head of the household

- Unemployment
- Overcrowding
- Social class of the head of the household

- Unemployment
- Overcrowding
- Social class of the head of the household not specified

Territorial
unit

Census tract

Municipality

Census tract

Municipality

Census tract

Municipality

Municipality

Municipality

Census tract

Municipality

Municipality

Enumeration
district

Enumeration
district

Enumeration
district

Source,
year

Census,
1991

Census,
1991

Census,
1991

Census,
1991

Census,
1991

Census,
2001

Census,
1991

Census,
1991

Census,
2001

Census,
1991

Census,
1991

Census,
1981

Census,
1981

Census,
1981

( Continued)



Table 2 | ( Continued)

Dolk et al.,
1997 b. [34]

Parslow et al.,
1997 [35]

Wilkinson et al.,
1997 [36]

Dolk et al.,
1999 [37]

Harrison et al.,
1999 [54]

Wilkinson et al.,
1999 [56]

Dolk et al.,
2000 [38]

Aylin et al.,
2001 [39]

Elliott et al.,
2001 [40]

Jarup et al.,
2002 [41]

Cresswell et al.,
2003 [42]

Morris et al.,
2003 [43]

Maheswaran et al.,
2003 [44]

Morgan et al.,
2004 [45]

Hodgson et al.,
2004 [46]

Palmer et al.,
2005 [47]

Maheswaran et al.,
2005 a [48]

Maheswaran et al.,
2005 b [49]

Maheswaran et al.,
2006 [50]

Hodgson et al.,
2007 [51]

Ad hoc
Quintiles

Townsend
2 categories

Carstairs
Quintiles

Carstairs
Quintiles

Townsend
Not specified

Carstairs
Quintiles

Carstairs
Quintiles

Carstairs
Quintiles

Carstairs
Tertiles

Carstairs
Tertile

Carstairs
Quintiles

Carstairs
Tertiles

Carstairs
Quintiles

Carstairs
Quintiles

Carstairs

Townsend
Quintiles

Townsend
Quintiles

Townsend
Quintiles

Townsend
Quintiles

Carstairs
Quintiles

DEPRIVATION INDICES IN SMALL-AREA STUDIES OF ENVIRONMENT AND HEALTH

- Unemployment
- Overcrowding
- Social class of the head of the household

- Unemployment

- Car ownership

- Owner occupation
- Overcrowding

Not reported

Not reported

Not reported

Not reported

- Proportion of unemployed males

- Proportion of persons without access to a car

- Proportion of persons in overcrowded households

- Proportion of persons in households with the head of
households in social class IV or V

Not reported
Not reported
Not reported
Not reported

Not reported

- Percent of men unemployed
- Percent of persons with no car
- Percent of persons in overcrowded houses

- Percent of persons with household head in social class IV or V

Not reported

Not reported

Not reported

- Proportion of economically active residents
who were unemployed

- Proportion of households without a car

- Proportion of households not owner-occupied

- Proportion of overcrowded households

- Proportion of economically active residents
who were unemployed

- Proportion of households without a car

- Proportion of households not owner-occupied

- Proportion of overcrowded households

Not reported

- Percentage of men unemployed

- Percentage of persons with no car

- Percentage of persons in overcrowded houses

- Percentage of persons with household head
in social class IV or V

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Ward

Not specified

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Enumeration
district

Census,
1981

Census,
1991

Census,
1981
Census,
1991

not
specified

not
specified

Census,
1981
Census,
1991

Census,
1981
Census,
1991

Census,
1991

Census,
1991

Census,
1991

Census,
1991

Census,
1991

Census,
1991

not
specified

not
specified

not
specified

Census,
1991

Census,
1991

Census,
1991

Census,
1991

( Continued)
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Table 2 | ( Continued)

Elliott et al., Carstairs - Unemployment Ward Census
2007 [55] Deciles - Car ownership 2001
- Overcroding
- Social class
Jarup et al., Carstairs Not reported Enumeration Census,
2007 [52] Quintiles district 1991
Elliott et al., Carstairs - Unemployed head of household Enumeration not
2009 [53] Not specified - Car ownership district specified
- Overcrowding
- Low social class
New Scoggins et al., NZDep1996 Proportion of people: Census tract Census,
Zealand 2004 [30] Quartiles - Aged 18-59 years unemployed 1996
- Aged 18-59 years without any qualifications
- No access to a telephone
- Aged 18-59 years receiving a means-tested benefit
- Living in households with equivalised income below an
income threshold
- With no access to a car
- Not living in own home
- Living in households above equivalised bedroom occupancy
threshold
- Aged less than 60 years living in a single-parent family
Sabel et al., NZDep2001 - Employment status Census Area Census,
2007 [31] Quartiles - Education Unit (CAU) 2001
- Income
- Access to transport and communication services
- Home characteristics
Australia  McKenzie et al., C86SES 44 variables in 5 domains for SLA and CD Postcode Census,
1998 [32] /Ross index - Income level 1986
Not specified - Education
- Occupation
- Wealth
- Power/Prestige
Spain Barcel et al., Ad hoc - Percentage of people aged > = 16 years without Census tract Census,
2009 [33] Dominguez- a job or actively 2001
Berion - Percentage of the total employed population aged > = 16
quartiles years who are earning wages in temporary jobs searching for

a job with respect to the total economically active population
- Percentage of total population aged > = 16 years who are

manual workers

- Percentage of people aged > = 16 years with < 5 years of
schooling or > 5 years but with no completion of compulsory
education with respect to the total population aged > =16

years

SLA: statistical local area; CD: collection district

47, 51, 52, 54, 56] e.g residents within 7.5 km from
cokeworks [38, 39], within 2 km from landfills [40,
41] or within 3 km from a combustion plant [42].

The exposed population is identified at a single
point in time — usually census year [10-12, 16, 22-
24, 30, 34, 35, 39, 44, 55], at two points in time —
mainly decennial census year [20, 36, 37, 41, 51, 56],
or over several years [21, 32, 33, 38, 40, 42, 43, 45,
47-50, 52, 53, 57].

In the articles included in the review the compari-
son entity is represented either by the national or
local population or by population resident farther
than a given distance: e.g residents more than 2 km
from landfills [40, 41] or more than 3 km from a
combustion plant [42].

Table 3 also shows the studies outcomes and risk
parameters. The outcomes under investigation are
the following: cause-specific mortality [10, 16-20, 30,
33, 37, 44, 46, 50, 51, 55], cancer incidence/hospital
admissions for specific diseases [12, 23, 24, 31, 32,
34, 35, 39, 41, 48, 49, 54, 56, 57], cancer mortality
and incidence [11, 13, 22, 36], adverse reproductive
effects and/or congenital anomalies [21, 38, 40, 42,
43,45,47, 52, 53].

The study results are expressed as standardized
mortality ratio (SMR), standardized incidence ratio
(SIR), relative risk (RR) or odds ratio (OR). In 22
articles the results are presented with and without
adjustment for DI [10-13, 17, 20, 30, 31, 33, 37, 40-
42, 44-46, 48-50, 52, 53].
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Table 3 | Small-area environmental studies and deprivation: study characteristics

Country Reference

Italy

Great
Britain

Michelozzi et al.,
1998 [10]

Martuzzi et al.,
2002 [16]

Chellini et al.,
2002 [11]

Biggeri et al.,
2004 [17]

Parodi et al.,
2005 [12]

Biggeri et al.,
2006 [13]

Minichilli et al.,
2006 [18]

Marinaccio et al.,
2008 [19]

Federico et al.,
2009 [57]

lanni et al.,
2009 [20]

Martuzzi et al.,
2009 [21]

Sans et al.,
1995 [22]

Elliott et al.,
1996 [23]

Dolk et al.,
1997 a. [24]

Dolk et al.,
1997 b. [34]

Parslow et al.,
1997 [35]

Wilkinson et al.,
1997 [36]

Dolk et al.,
1999 [37]

Harrison et al.,
1999 [54]

Wilkinson et al,
1999 [56]

Dolk etal.,
2000 [38]

Aylin et al.,
2001 [39]

Environmental
exposure

Multiple sources of

air pollution (landfill,
petrochemical refinery,
waste incinerator)

Multiple sources of air,
soil, and water pollution
— risk areas

Sewage plant

Asbestiform fibres

Cokework

Multiple sources of air,
soil, and water pollution
— risk areas

Multiple sources of air,
soil and water pollution
— risk area

Asbestos

Incinerator
(solid urban, non special)

Multiple sources of air,
soil and water pollution
— risk area

Authorized landfills and
illegal dumping sites

Multiple sources of
pollution (petrochemical,
refinery, steel plant)

Incinerators (household,
commercial, industrial)

Radio FM and television
transmitters

Radio FM and television
transmitter

Nitrate in drinking water
Chemical plant
(pesticides and fertilizers)

Cokeworks

Main roads and petrol

stations

Oil refineries

Cokeworks

Cokeworks

Study population
(reference period for
population estimate)

Residents within 10 km
from the plants (1991
census)

Residents in the
municipalities in risk areas
(1991 census)

Residents in census units
(1997 demographic office)

Residents in the
municipalities around a
volcanic area

Residents in municipalities
(1991 census)

Residents in the
municipalities in risk areas
(2001 census)

Residents in municipalities
in the risk area
(not specified)

Residents in Italian
municipalities (not
specified)

Residents in a municipality
(1991-2005 individual data)

Residents in municipalities
in the risk area (1991 and
2001 census)

Residents in the municipalities
(mortality not specified; births
1996-2002 - Caserta and
Naples provinces)

Residents within 7.5 km
(1981 census)

Residents within 7.5 km
(1981 census)

Residents within 10 km
(1981 census)

Residents within 10 km
(1981 census)

Residents in water supply
zones (1991census)

Residents within 7.5 km
(1981 and 1991)

Residents within 7.5 km
(1981 and 1991 censuses)

Residents within 100 m
(0-15 years old; 1990-94
West Midlands)

Residents within 7.5 km
(1981 and 1991 censuses)

Residents within 7.5 km
(live, stillbirths, deaths
1981-92)

Residents within 7.5 km
(1991 census)

Reference population

Municipality
(2.7 million inhabitants)

Regional or local
population

Municipality

Local population

Local population

Local population

Local population

National population

National population

Local population

Local population

National population

National population

National population

National population

Local population

National population

Regional population

- Residents more than
100 m from main roads
and/or petrol stations

- Local population

National population

Local population

Local population

Health outcome (period)

Mortality (1987-93)

Mortality (1990-94)

Cancer Mortality (1987-96)
Cancer incidence (1987-94)

Mortality (1980-97)

Lung cancer incidence (1986-97)

Mortality (1997-2001)
Morbidity (2001-03)

Mortality (1990-2000)

Mortality
(1980-2001)

Cancer incidence (1991-2005)

Mortality (1997-2001)

Mortality (1994-2001)

Congenital anomalies (1996-2002)

Mortality (1981-91)
Cancer incidence (1974-84)

Cancer incidence

(England 1974-86; Wales 1974-84;

Scotland 1975-87)

Cancer incidence

(England 1974-86; Wales 1974-84;

Scotland 1975-87)
Cancer incidence (1974-86)

Childhood diabetes mellitus
incidence (1978-94)

Cancer mortality (1981-92)
Cancer incidence (1977-89)

Mortality (1981-92)

Childhood cancer (1990-94)

Lymphoematopoietic cancer
incidence (England and Wales
1974-89; Scotland 1975-91)

Perinatal, infant mortality, and low

birth weight (1981-92)

Hospital admission for respiratory and
cardiovascular disease (1992-95)

Risk
parameter
(DI adusted)

SMR (crude
and adjusted)

SMR (crude
and adjusted)

SMR (crude
and adjusted)
SMR (crude
and adjusted)
SIR (crude and
adjusted)
SMR (crude
and adjusted)

SMR (adjusted)

AR (crude and
adjusted)

SIR (adjusted)

SMR (crude
and adjusted)

RR (adjusted)

SMR and SIR
(adjusted)

SIR (adjusted)

Smoothed SIR
(adjusted)

SIR (adjusted)
SIR (adjusted)
SMR and SIR

(adjusted)

SMR (crude
and adjusted)

OR and SIR
(adjusted)

SIR (adjusted)

O/E ratios
(adjusted)

RR (adjusted)

( Continued)
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Table 3 | ( Continued)

Elliott et al,
2001 [40]

Jarup et al.,
2002 [41]

Cresswell et al.,
2003 [42]

Morris et al.,
2003 [43]

Maheswaran et al.,
2003 [44]

Morgan et al.,
2004 [45]

Hodgson et al.,
2004 [46]

Palmer et al.,
2005 [47]

Maheswaran et al.,
2005 a [48]

Maheswaran et al.,
2005 [49]

Maheswaran et al.,
2006 [50]

Hodgson et al.,
2007 [51]

Elliott et al.,
2007 [55]

Jarup et al.,
2007 [52]

Elliott et al.,
2009 [53]

New Scoggins et al.,
Zealand 2004 [30]

Sabel et al.,
2007 [31]

Australia McKenzie et al.,

1998 [32]

Barcelt et al.,
2009 [33]

Spain

Landfills
(hazardous waste,
non special, unknown)

Landfills

Waste Combustion plant

Landfills (special waste)

Main roads

Landfills
(hazardous waste)

Industrial plants
(various chemicals)

Landfills (household,
commercial, industrial;
Wales)

Air pollution
(PM. , NOx, CO)

10’

Air pollution
(PM. , NOx, CO)

10°

Air pollution (NOx)

Mercury emitting
industries

Air pollution (black
smoke S02)

Landfill sites (special,
nonspecial or unknown
waste)

Landfill sites
(special, nonspecial
or unknown waste)

Air pollution (NO2)

Air pollution (PM10)

Exposure to RFR-radio
frequency radiation

Air pollution
(TSP, PM10, NO2, S02, CO)

Roberto Pasetto, Letizia Sampaolo, Roberta Pirastu

Residents within 2 km
(terminations 1988-98;
births and stillbirths
1983-98)

Residents within 2 km
(1981 and 1991 censuses)

Residents within 3 km (live
births 1985-99)

Residents within 2 km

(CA and terminations 1988-
94; hospital admissions
1993-95; births and
stillbirths 1983-98)

Residents in enumeration
district by distance to main
roads - < 200 m; 200-500
m; 500-1000 m (> = 45
years old; 1991 census)

Residents within 3 km
(singleton live birth
registration 1986-99)

Residents within 2 km (not
specified)

Residents within 2 km
(births 1983-97)

Residents in enumeration
district (1994-98 Sheffield
health autority estimates)

Residents in enumeration
district (1994-98 Sheffield
health autority estimates)

Residents in enumeration
district (1994-98, Sheffield
health autority estimates)

Residents within the
modelled ambient mercury
contours (1981 and 1991
censuses)

Residents in wards (1991
census)

Residents within 2 km (live
births, late fetal deaths and
terminations 1989-98)

Residents within 2 km
(terminations 1988-98;
births and stillbirths
1983-98)

Residents in CAUs- Census
Area Unit (1996, Auckland)

Residents in CAUs- Census
Area Unit (1996 and 2001
Christchurch)

Residents in LGA (Local
Government Area, 1972-
1990, Sidney)

Residents in census tracts
(1994-2003, Barcelona
Metropolitan Area)

Residents more than
2 km from landfills

Residents more than
2 km from landfills

Residents 3-7 km from

the plant

Residents more than
2 km from landfills

Residents more than
1 km to main roards

Residents 3-7 km from
landfills

Local population

Residents more than 4
km from landfills

Quintile of PM10, NOX,
CO modeled exposure

Quintile of PM10, NOx,
€O modeled exposure

Quintile of NOx modeled
exposure

Local population

National population

Residents more than
2 km from landfills

Residents more than
2 km from landfills
Residents in low

pollution CAUs

NA
Cluster analysis

Residents in low radio
frequency radiation LGAs

National population

Congenital anomalies (1983-98)
Hypospadias and epispadias,
(1993-95)

Hospital admission (1993-97)
Stillbirths (1983-98)

Low birth weight (1983-98)

Selected cancer incidence
(England and Scotland 1983-97;
Wales 1983-94)

Congenital anomalies (1985-99)

Congenital anomalies (1988-94)
Stillbirths and low birth weight
(1983-98)

Stroke mortality (1990-92)

Low birth weight (1986-99)

Kidney disease mortality
(1981-99)

CA (1983-97)

Stroke hospital admissions
(1994-99)

Coronary heart disease hospital
admissions (1994-99)

Stroke mortality (1994-98)

Kidney disease mortality
(1981-2001)

Mortality (1982-98)

Down syndrome registrations
(1989-98)

Hypospadias and epispadias,
cardiovascular defects, neural tube
defects and abdominal wall defects
(1983-98)

Mortality
(1996-1999)

Respiratory system and appendicitis
admissions
(1999-2004)

Leukemia Incidence (1972-1990)

Mortality: all causes, COPD,
ischemic heart disease, lung cancer,
bladder cancer, thyroid cancer,
lymphoma (1994-2003)

RR (crude
and adjusted)

RR (crude
and adjusted)

RR (crude
and adjusted)

RR (crude
and adjusted)

RR (crude
and adjusted)

OR (crude
and adjusted)

SMR (crude
and adjusted)

SRR (adjusted)

RR (crude
and adjusted)

RR (crude
and adjusted)

RR (crude
and adjusted)

SMR (adjusted)

RR (crude
and adjusted)

RR (crude
and adjusted)

OR (crude
and adjusted)

O/E (adjusted)
OR (crude and
adjusted)

O/E in cluster
(crude and
adjusted)

RR (adjusted)

Smoothed SMR
(BYM model
crude and
adjusted)

SMR: standardized mortality risk; SIR: standardized incidence; RR: relative risk; OR: odds ratio; OIE: observed|expected.; SLA: statistical local area;

CD: collection district
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Lastly, as far as the reference year for DI calcula-
tion, in six papers it is not specified [37, 45-47, 53,
54], and in 16 more studies DI variables are from
the Census in the same year of identification of
the exposed population [10, 12, 13, 16, 22-24, 30,
31, 34-36, 38, 39, 44, 56], in the remaining papers
the DI year precedes the identification of popula-
tion (e.g in [11] DI year is 1991 and population
is identified in 1997) or is included in the period
of population enumeration (e.g in [32] DI year is
1986 and population was represented by residents
in 1972-1990).

DISCUSSION

The use of DIs: critical aspects

DIs can be constructed in various ways and cal-
culated at various area levels. Different area-based
DIs show unlike associations with health effects
from different causes [59, 60].

It is expected that the use of DIs to adjust for
deprivation in small-area environment and health
studies should result in better risk estimates. This
holds true if the following conditions are present:
a) exposure is causally associated with outcome; b)
DI is a proxy for factors causally associated with
outcome; c) exposure and DI are associated - ex-
posed and unexposed areas are different in respect
to DI. The risk estimates of most of the 22 re-
viewed studies reporting adjusted and unadjusted
results for deprivation do not significantly differ.
An example of an exception is found in two studies
assessing the association between air pollution and
lung cancer [33, 55]. In these studies conditions
a) and b) are defined [61, 62]. In one of them also
condition c) is ascertained as it shows correlation
between some air pollutants and deprivation [33] .

The interplay between environmental exposure,
deprivation and health is complex. One element
of the complexity is the possible reverse causality
between deprivation and health. It can occur when
studying health effects of long-term environmen-
tal exposures, since the worsening in health status
caused by environmental exposures can result in
downgrading in socioeconomic status. On the other
hand, a Great Britain study shows that areas with
similar long standing economic disadvantage do
not have similar high mortality rates, being some
of them resilient to external disadvantage factors.
According to Tunstall, “these areas might be doing
‘better than expected’ or ‘overachieving’. This sta-
tus implies that there may be protective factors or
practices in particular areas, which weaken the usu-
ally strong relationships between economic adver-
sity and poor health” [63]. Then again, a Dutch in-
vestigation documents that some deprived areas are
healthier, and wealthy areas are instead unhealthier
than expected on the basis of their socio-economic
level [64]. The relationship between deprivation
and health may also potentially be confounded by
phenomenon of selective migration into deprived

neighbourhoods of people already in poor health
status [65]. Conversely, other studies highlight the
apparent clustering of hazardous and polluting
sites in areas inhabited by ethnic minorities. The
consequence is that socially disadvantaged people
become subject to the additional burden of a more
polluted or hazardous environment, thus providing
evidence of environmental inequities [66-68]. A re-
cent study exemplifies interplay complexity and en-
vironmental inequalities. It shows that populations
living closer to waste facilities are also the more
deprived and both adjusted and unadjusted mor-
tality excesses are higher among them. The authors
suggest the possible occurrence of effect modifica-
tion by deprivation [69].

In studies of environment and health where dep-
rivation is thought at play another point to be con-
sidered is that mortality and morbidity could be
influenced by past and by present deprivation as
well [4]. This influence is disease-specific, since un-
der or over control for deprivation could occur if
DIs time patterns should not fit the relevant time
window of the study. An additional issue to be
taken into account is that the relationship between
deprivation and health could be different in vari-
ous areas within a country [63].

In the light of the above issues when adjusting for
deprivation in environment and health studies it is
advisable to report both adjusted and unadjusted
results, to explicit relevant time windows of the in-
vestigation conducted, and to document overtime
socioeconomic characteristics of the area at study.

Another critical aspect in the use of DI is related
to the population size of the territorial unit as re-
ducing it does not automatically lead to a better
estimate of deprivation. In fact, smaller units are
more homogeneous but DI becomes unstable due to
greater sensitivity to local variation [4]. Population
size should also be considered in relation to the
contextual effect of deprivation. In fact, since this
effect is meant as an overall socioeconomic neigh-
bourhood influence [7], population size should be
carefully selected to better understand the contex-
tual effect. Deprivation at area level could be not
only a proxy for individual socioeconomic status
but also a measurement of the contextual area ef-
fect. In fact, sometimes measures of socioeconomic
conditions at area level were found to be associ-
ated to the health outcomes at study independently
from individual socioeconomic status [70, 71].

As far as the characteristics of the studies includ-
ed in the present review, the great majority have
been conducted in Great Britain and Italy. In the
former, DIs applied in studies after 1997 have been
Townsend’s and Carstairs’ based on clearly stated
variables. In the latter instead, the variables used
in the construction of DI are not homogeneous-
ly reported. However, it appears that in the great
majority of studies performed in a given area the
construction of ad hoc indices considering the local
socioeconomic context is not taken into account.
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It should also be pointed out that the choice of
a Census year seems to derive from a pragmatic
evaluation of data availability, without consider-
ing the relevant time window related to the study
hypothesis; it is clearly shown, for example, in a
study indicating that the more appropriate socio-
economic indicator refers to ten years before breast
cancer diagnosis [71].

Another observation is that in the majority of
the reviewed studies DIs are classified in quintiles
but rarely information is given about the basis
on which quintiles are made and the reason why
they are chosen. Generally, quantiles appear to be
adopted to avoid the potential residual confound-
ing, and to have stable reference rates for each dep-
rivation category; the latter is an issue that should
be weighted in case of rare diseases or small refer-
ence populations.

In the majority of the studies adjustment for dep-
rivation is carried out by indirect standardization.
The quantiles of DIs and the reference rates for the
analyzed outcomes should pertain to the same ter-
ritorial unit, but the studies in the review do not
grant appropriate information about this issue.

Systematic bibliographic research: critical aspects

By matching the results of the two bibliographic
searches carried out, it was ascertained that the
systematically conducted bibliographic search
was lacking of some relevant articles that were
instead included in the initial search. By examin-
ing how both the obtained articles and the miss-
ing ones were indexed some consideration came
into light. The main difficulty in information re-
trieval originated from the fact that there was no
applicable controlled term to express the concept
of small-area study, unless it was referred to ana-
lyzing the variation in utilization of health care
in small geographic or demographic areas; for the
concept of DI the problem was similar; so, the ar-
ticles dealing with these two concepts could only
be achieved if such terms, or their synonyms, were
included in the title or abstract. It must be consid-
ered that most of the articles identified through
PubMed/Medline and Embase come from coun-
tries where DIs have been in use for a long time,
therefore they are applied in the studies although
the term itself is not found in the title and/or
abstract; this implies that such articles are not
in the hit list with this search approach. It also
came out that different researchers assign differ-
ent meaning, and associate similar but not equal
variables to the concept of DI. In addition, in the
MeSH Thesaurus a term adhering to the mean-
ing of deprivation as a multidimensional index is
not provided. In the systematic search strategy DI
was therefore translated with “socioeconomic fac-
tors”, and the terms included under the related
tree structure, as well as a combining of synonyms
and related terms for this other concept, were also
added.

It is an opinion shared by the majority that for
systematic reviews the combining of online search-
es, bibliographic examination of the articles al-
ready owned, and experts opinion is the best ap-
proach for a comprehensive information retrieval
[72]. This method proves to be even more appropri-
ate when, as it is in this case, the topic of the study
foretells a challenging bibliographic research.

CONCLUDING REMARKS

The present review describes DIs used to adjust
for deprivation in small-area studies of environ-
ment and health in the last fifteen years. To the au-
thors’ knowledge this is the first attempt to exhaus-
tively examine such a relevant topic in environ-
mental epidemiology. A main remark is that this
review makes clear the difficulty in understanding
whether adjusting from deprivation using DIs was
efficient or not to assess confounding from socio-
economic factors. The various DIs were adopted
from studies looking at health resource allocation
or health inequalities, where the role of the envi-
ronment on health was not the main investigative
topic. Therefore the application of DIs appears
to have been pragmatic without considering the
specific aim of the studies. Time, a key feature in
epidemiology, does not appear to have been taken
into account either in the choice of DIs or in the
interpretation of the results.

In adjusting for deprivation the potential for un-
der or over control is possible and it is specific for

BOX | Suggestions to apply DlIs in future studies

If applicable, when designing a small-area study of environment

and health, consider

- to perform an a priori evaluation of the interplay between environmen-
tal exposure — deprivation — other known predictive factors — health
outcome at study;

- to choose proper time of data used to construct DI to reflect the rele-
vant time windows in the interplay between environmental exposure
— deprivation — health outcome at study;

- for local studies, to develop DIs which represent measure of material
and social circumstances at the macro-area of reference instead of
Dis developed at a national level;

- deprivation at area level not only as a proxy for individual socioecono-
mic status but also as a measure of contextual deprivation;

- to select territorial unit for DI balancing the following needs: (i) repre-
sent individual level socioeconomic status, or contextual deprivation,
and (i) define a stable index;

- to evaluate the feasibility for developing a DI for measurement of the
contextual deprivation other than DI as a proxy for measurement of
individual socioeconomic status.

When preparing a small-area manuscript of environment and health
- report details of a priori evaluation;

- describe the main characteristics of DI: variables used to construct
DI as reported in methodological papers, time of reference for the
selected DI, territorial unit;

- report both unadjusted and DI adjusted results.
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a given environmental exposure-disease association.
Over/under control is less of a problem in discuss-
ing results, if the more specific and the stronger is
the exposure disease association, and the rarer and
higher is the exposure [4].

The use of DIsisincreasing and expanding to many
countries. In the years to come, at different area lev-
el, improved exposure information and time-series
data on exposure, outcomes and other predictive
factors will be growingly available. This enhanced
data availability, together with better knowledge on
the relationship between deprivation and health, will
make possible studies aimed at disentangling the
complex interplay between environmental exposure,
health and deprivation. In this context one of the
main areas to be developed will be the application
of mixed design studies combining ecological and
individual data [5, 73]. To deal with this challenge,
future studies should foresee an a priori assessment
of every element at play. Even though the a priori
knowledge is often incomplete and analytical solu-
tions to tackle with complex interplay are not always
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