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Abstract
Objective—To investigate the associations
of individual and area-based socioeco-
nomic indicators with cardiovascular dis-
ease risk factors and mortality.
Design—Prospective study.
Setting—The towns of Renfrew and Pais-
ley in the west of Scotland.
Participants—6961 men and 7991 women
included in a population-based cardiovas-
cular disease screening study between
1972 and 1976.
Main outcome measures—Cardiovascular
disease risk factors and cardiorespiratory
morbidity at the time of screening: 15 year
mortality from all causes and cardiovascu-
lar disease.
Results—Both the area-based deprivation
indicator and individual social class were
associated with generally less favourable
profiles of cardiovascular disease risk fac-
tors at the time of the baseline screening
examinations. The exception was plasma
cholesterol concentration, which was lower
for men and women in manual social class
groups. Independent contributions of area-
based deprivation and individual social
class were generally seen with respect to
risk factors and morbidity. All cause and
cardiovascular diseasemortality rates were
both inversely associated with socioeco-
nomic position whether indexed by area-
based deprivation or social class. The
area-based and individual socioeconomic
indicators made independent contribu-
tions to mortality risk.
Conclusions—Individually assigned and
area-based socioeconomic indicators
make independent contributions to sev-
eral important health outcomes. The
degree of inequalities in health that exist
will not be demonstrated in studies using
only one category of indicator. Similarly,
adjustment for confounding by socioeco-
nomic position in aetiological epidemio-
logical studies will be inadequate if only
one level of indicator is used. Policies
aimed at reducing socioeconomic diVer-
entials in health should pay attention to
the characteristics of the areas in which
people live as well as the characteristics of
the people who live in these areas.
(J Epidemiol Community Health 1998;52:399–405)

The association between social class, morbidity,
and mortality is well established.1 2 Area-based
indices of socioeconomic position, often referred

to as “deprivation indices”, have also been
related to morbidity andmortality for the people
to whom these indices are applied.3–8 The choice
of the use of an individually assigned marker of
socioeconomic position or an area-based indica-
tor is often made on the pragmatic grounds of
data availability. The use of census level and
individual level socioeconomic data have been
shown to lead to associations of a similar magni-
tude between socioeconomic position and a
variety of health measures, with the suggestion
that area-based measures slightly underesti-
mated the strength of the associations when
compared with the associations of individually
based socioeconomic measures and health.9

In some,9 10 but not all,11 studies the use of
larger geographical areas for the assignment of
socioeconomic position leads to little, if any,
attenuation in the magnitude of associations
with health measures. This is surprising if area-
based measures are considered merely to be
proxy measures of individual socioeconomic
position, as the level of misclassification would
be expected to be greater when the size of area
is larger. There are conceptual reasons as to
why area-based measures may not simply
function as indicators of individual socioeco-
nomic position. Areas with a high level of
socioeconomic disadvantage may also be dis-
advantaged with respect to transport, retail
outlets, leisure facilities, environmental pollu-
tion, and social disorganisation, in ways that
influence health independently of the socioeco-
nomic characteristics of the people living in
these areas.12 The demonstration of area-based
eVects would be important in emphasising the
need to focus health promotion initiatives on
the broader characteristics of places where dis-
advantaged people live, rather than simply on
the people who live in these areas themselves.
The suggestion that the characteristics of

area of residence have a particular influence on
mortality risk is supported by two investiga-
tions that have examined both individual and
area-based measures.13 14 A study based on the
OYce of National Statistics (ONS) Longitudi-
nal Study—a follow up of a 1% sample of the
1971 England and Wales census—indicated
little influence of area-based deprivation once
individual socioeconomic indicators had been
taken into account.15 This study had several
limitations, however. Firstly, no data on health
status, health related behaviours or physiologi-
cal risk factors were available. Secondly, the
individual socioeconomic indicators were es-
sentially the ones that were used to construct
the area-based measure. There would therefore
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be strong correlations between individual and
area-based measures as an automatic conse-
quence of the nature of the data that were used.
The most commonly used individual socio-

economic indicator in British studies is Regis-
trar General’s occupational social class. In this
study we investigate the independent contribu-
tions of occupational social class and depriva-
tion level of area of residence to cardiovascular
disease risk factors and mortality, using the
screening and mortality follow up data of a
large population-based health survey carried
out in the west of Scotland between 1972 and
1976.

Methods
The Renfrew/Paisley general population study
was carried out between 1972 and 1976,
involving residents of the towns of Renfrew and
Paisley who were aged 45–64 years. Full details
of the study methodology have been reported
previously.16 A response rate of 80% was
obtained. A questionnaire was completed by
each participant and this was checked when the
participant attended a screening examination.
The questionnaire recorded smoking habit,
occupation, respiratory, and cardiovascular
symptoms. Social class was determined by
regular occupation, according to the Registrar
General’s classification.17 In the case of retired
men, the last full time occupation was taken.
For housewives and retired women, husbands’
or fathers’ occupations were used. Participants
were classified as non-manual if they were in
social classes I, II or IIIN andmanual if in social
classes IIIM, IV or V. Blood pressure, forced
expiratory volume in one second (FEV1),
height, and weight were measured and an elec-
trocardiogram was taken at the screening
examination. A non-fasting blood sample was
also taken to measure plasma cholesterol
concentration.
The six lead electrocardiogram (leads I, II,

III, aVR, aVL, and aVF) was taken with the
subject sitting. Criteria for myocardial ischae-
mia on ECG were based on the Minnesota
coding scheme. Any of the following codes
were considered evidence of ischaemia, encom-
passing diagnoses of definite myocardial infarc-
tion, myocardial ischaemia, and left bundle
branch block: 1.1–1.3, 4.1–4.4, 5.1–5.3, 7.1.

Angina was considered present if the definite or
possible criteria of the Rose Angina Question-
naire were met.18

FEV1 relative to the predicted value was used
to estimate impairment. Predicted values of
FEV1 were obtained from linear regressions on
age and height:

Predicted FEV1 for men = − 1.9302
− (0.0290 × age (years)) + (0.0373 × height
(cm))
Predicted FEV1 for women = − 0.2662
− (0.0289 × age (years)) + (0.0238 × height
(cm))

CoeYcients were derived from a regression
for the 878 men and 2796 women who had
never smoked and who responded “no” to
questions about bronchitis, breathing diYcul-
ties, and asthma. The FEV1, score (%) was cal-
culated as a percentage of actual FEV1/
predicted FEV1.
The home address at the time of screening

was retrospectively postcoded, enabling depri-
vation category as defined by Carstairs and
Morris to be ascertained, using 1981 census
data.19 Deprivation category varies from 1 (least
deprived) to 7 (most deprived) and is calculated
from the deprivation score that is based on four
variables derived from census data—male
unemployment, overcrowding, car ownership,
and proportion in social classes IV and V. Both
postcode sector and enumeration district depri-
vation categories were analysed, with the results
being very similar. As postcode sector depriva-
tion category has been more often used in pre-
vious work we have reported on these results
here. Fourteen postcode sectors were repre-
sented in the study population.
Some addresses could not be postcoded and

assigned a deprivation category and some par-
ticipants had given insuYcient information on
occupation to assign a social class. The
analyses were therefore performed on 6961
(from 7058) men and 7991 (from 8353)
women with complete data. Participants were
flagged at the National Health Service Central
Register in Edinburgh and notification of
deaths have been received for a 15 year follow
up period.20 Cause of deaths were coded to
ICD9,21 and cardiovascular disease (CVD)
mortality consisted of deaths coded to ICD9
390–459.

Table 1 Deprivation category by social class

Social class

Deprivation category

Total (%)1 3 4 5 6 7

Men
I 76 83 72 78 38 2 349 (5.0)
II 126 200 234 290 108 13 971 (13.9)
IIIN 81 166 195 274 102 14 832 (12.0)
IIIM 85 348 607 1144 528 98 2810 (40.4)
IV 43 152 341 631 326 70 1563 (22.5)
V 5 30 61 148 130 62 436 (6.3)
Total (%) 416 (6.0) 979 (14.1) 1510 (21.7) 2565 (36.8) 1232 (17.7) 259 (3.7) 6961
Women
I 41 47 45 44 13 3 193 (2.4)
II 152 235 311 370 158 31 1257 (15.7)
IIIN 206 307 423 665 325 48 1974 (24.7)
IIIM 59 191 324 558 287 71 1490 (18.6)
IV 60 157 473 892 486 138 2206 (27.6)
V 13 75 160 317 237 69 871 (10.9)
Total (%) 531 (6.6) 1012 (12.7) 1736 (21.7) 2846 (35.6) 1506 (18.8) 360 (4.5) 7991
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Age adjusted means for continuous variables
were calculated using PROC GLM of the SAS
system22 with tests for trend being obtained
with the PROC REG program. Categorical
variables were age standardised by the direct
method, using the male and female study
populations as the standard and tests for trend
were obtained with the PROC LOGIST
program. Age adjusted death rates were calcu-
lated using a person years at risk based lifetable
approach and age standardisation was by the
direct method. Trend tests were obtained
through proportional hazards regression using
PROC PHREG, with age and deprivation
score or social class coded as continuous
variables. Adjustments were made using social
class at six levels and deprivation score, both as
continuous variables. Proportional hazards

coeYcients and their standard errors were cal-
culated using Cox’s model. Adjustment for age
and other risk factors was performed by
including terms for these in the models.
Adjustment for smoking was for the number of
cigarettes smoked per day, together with a term
for ex-smokers. Exponentiated hazards coeY-
cients were taken as indicators of relative rates
of mortality.

Results
No postcode sectors in Renfrew and Paisley
were in deprivation category 2 and few partici-
pants lived in deprivation categories 1 and 7,
the majority living in categories 4 and 5. Tabu-
lation of social class derived from occupation
with deprivation category showed that each

Table 2 Age adjusted means and proportions of baseline characteristics by deprivation category and social class

All

Deprivation category
Trend test
adjusted for age

Trend test
adjusted for age
and social class1 3 4 5 6 7

Men
Diastolic BP (mm Hg) 86.1 85.3 87.0 84.5 87.1 84.8 87.9 p=0.13 p=0.12

Non-manual 86.0 85.4 86.7 84.0 87.9 84.0 88.0
Manual 86.1 85.1 87.3 84.8 86.8 85.1 87.9

Cholesterol (mmol/l) 5.87 5.83 5.97 5.97 5.80 5.79 5.92 p=0.0025 p=0.34
Non-manual 6.00 5.85 6.07 6.12 5.92 5.96 6.14
Manual 5.81 5.77 5.88 5.90 5.76 5.75 5.89

Height (cm) 169.5 171.4 171.1 170.1 169.2 168.3 166.7 p=0.0001 p=0.0001
Non-manual 171.5 171.9 172.1 171.9 171.0 170.6 166.7
Manual 168.7 170.4 170.2 169.2 168.6 167.7 166.7

Body mass index (kg/m2) 25.9 25.9 25.7 25.8 26.0 26.0 25.4 p=0.83 p=0.67
Non-manual 25.9 25.7 25.8 25.9 26.0 26.3 25.5
Manual 25.8 26.4 25.6 25.7 25.9 25.9 25.4

FEV1 score (%) 88.6 94.9 91.6 88.9 88.1 86.9 78.1 p=0.0001 p=0.0001
Non-manual 92.9 96.9 93.9 93.0 92.0 89.7 84.8
Manual 86.7 90.6 89.5 86.8 86.8 86.3 77.3

% Current smokers 58.6 46.9 48.8 57.4 61.3 62.8 72.0 p=0.0001 p=0.0001
Non-manual 49.7 44.3 44.1 49.1 53.7 53.5 75.4
Manual 62.6 53.1 52.9 61.5 63.8 65.2 72.1

% Ex smokers 24.7 32.2 29.8 25.4 23.1 22.3 16.2 p=0.0001 p=0.0001
Non-manual 29.3 33.1 33.0 30.2 26.6 26.0 16.2
Manual 22.6 29.5 27.3 23.1 22.0 21.4 16.3

% MRC bronchitis 5.9 3.0 4.2 6.3 6.1 6.5 9.3 p=0.0001 p=0.022
Non-manual 3.1 2.5 2.5 3.3 3.7 3.3 1.9
Manual 7.1 3.7 5.5 7.9 6.9 7.3 10.5

% Angina 17.6 12.4 15.9 17.3 18.1 18.1 27.8 p=0.0001 p=0.0003
Non-manual 14.3 11.8 13.4 12.9 15.8 16.2 42.9
Manual 19.2 13.6 17.9 19.5 18.8 18.6 28.6

% ECG ischaemia 10.5 6.9 11.2 10.8 11.3 9.2 11.3 p=0.24 p=0.17
Non-manual 10.9 8.2 14.2 11.5 11.3 6.1 37.6
Manual 10.3 3.9 8.7 10.4 11.2 10.0 11.2

Women
Diastolic BP (mm Hg) 85.1 85.0 86.3 83.1 86.3 84.5 85.3 p=0.60 p=0.67

Non-manual 84.3 85.0 85.8 82.2 85.7 82.7 83.9
Manual 85.7 85.2 87.0 83.8 86.7 85.5 85.7

Cholesterol (mmol/l) 6.43 6.36 6.49 6.50 6.43 6.35 6.35 p=0.007 p=0.12
Non-manual 6.50 6.41 6.50 6.61 6.48 6.46 6.51
Manual 6.38 6.21 6.48 6.41 6.40 6.30 6.31

Height (cm) 157.7 160.2 158.2 158.1 157.2 157.4 155.8 p=0.0001 p=0.0001
Non-manual 159.0 160.3 159.1 159.5 158.4 158.2 157.7
Manual 156.8 159.8 157.0 157.0 156.5 157.0 155.3

Body mass index (kg/m2) 25.8 24.8 25.5 25.6 26.0 26.0 25.9 p=0.0001 p=0.005
Non-manual 25.2 24.7 25.1 25.1 25.5 25.3 24.9
Manual 26.2 25.4 26.1 26.0 26.3 26.4 26.2

FEV1 score (%) 92.5 99.3 96.8 93.0 92.4 89.1 81.6 p=0.0001 p=0.0001
Non-manual 96.7 100.7 98.5 96.8 96.0 94.0 87.3
Manual 89.3 95.0 94.4 89.9 90.3 86.7 79.9

% Current smokers 46.8 34.3 37.5 45.3 48.9 51.5 60.8 p=0.0001 p=0.0001
Non-manual 43.1 33.4 37.5 41.9 47.0 47.2 62.0
Manual 49.9 37.0 38.5 48.3 50.4 53.7 60.2

% Ex smokers 7.5 11.7 7.8 8.3 6.8 6.9 5.1 p=0.0001 p=0.003
Non-manual 8.8 11.8 9.5 9.4 7.8 7.6 3.7
Manual 6.4 11.9 5.1 7.2 6.1 6.6 5.6

% MRC bronchitis 4.0 1.9 2.4 3.2 3.9 6.1 7.7 p=0.0001 p=0.0001
Non-manual 2.3 2.0 1.0 2.0 2.6 4.0 5.1
Manual 5.3 1.2 4.4 4.0 4.8 7.1 8.4

% Angina 16.9 11.4 15.6 14.9 18.2 18.9 19.7 p=0.0001 p=0.0002
Non-manual 14.0 10.5 13.0 14.3 15.4 15.5 10.0
Manual 19.1 13.3 19.1 15.3 19.8 20.6 22.7

% ECG ischaemia 10.0 8.5 9.6 10.1 9.8 10.0 13.1 p=0.018 p=0.028
Non-manual 9.0 7.2 9.4 8.9 8.6 10.1 12.2
Manual 10.6 11.6 10.5 10.8 10.5 9.9 13.0
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deprivation category had representatives from
each social class (table 1). There were small
numbers of men and women from social class I
living in deprivation category 7 and small
numbers from social class V living in depriva-
tion category 1.
Table 2 shows the baseline risk factors by

deprivation category and social class. Clear
relations were seen between height, FEV1, cho-
lesterol concentration, smoking, bronchitis,
angina, and deprivation category for both men

and women. Body mass index and ECG
ischaemia were associated with deprivation
category only for women.With the exception of
cholesterol concentration these associations
remained after adjustment for social class.
Within each deprivation category, manual and
non-manual groups had diVering levels of risk
factors. Male and female manual social class
participants had lower cholesterol concentra-
tions, were shorter, had lower FEV1, were more
likely to smoke and have bronchitis and angina
than the non-manual social class participants.
Manual women had higher diastolic blood
pressure and body mass index and had more
ECG ischaemia than non-manual women. The
associations between social class and risk
factors were little changed by adjustment for
deprivation (results available from the au-
thors).
Death rates (table 3) show significant trends

with deprivation category for all cause and
CVD mortality for men and women. Death
rates for men in deprivation category 7 were
almost double the rates for men in deprivation
category 1. For men and women all cause and
CVD mortality retained sizeable and signifi-
cant associations with deprivation after adjust-
ment for social class (table 4). Adjustment for
risk factors attenuated the associations, reduc-
ing them to non-significance for women. Social
class diVerences in all cause and CVD mortal-
ity in men and women were attenuated but
remained substantial and statistically signifi-
cant after adjustment for deprivation score
(table 5). Adjustment for risk factors caused
greater attenuation of social class diVerences in
mortality than did adjustment for deprivation
score. Formal tests of interaction between
social class and deprivation score were not sta-
tistically significant.
All cause mortality was further analysed by

division of each deprivation category into non-
manual and manual social classes. Taking the
baseline category as non-manual workers living
in deprivation category 1, the risk increased
across deprivation category within both non-
manual and manual social classes for men
(table 6). Additionally, manual groups had a

Table 3 Fifteen year age adjusted death rates by deprivation category

Deprivation category

Trend1 3 4 5 6 7

Men
All cause
No of deaths 107 246 445 801 424 110
Death rate 165.7 178.8 200.5 218.3 228.8 292.2 p=0.0001

Cardiovascular disease
No of deaths 59 137 241 436 208 62
Death rate 98.7 109.6 118.6 132.6 127.1 184.8 p=0.0001

Women
All cause
No of deaths 78 165 291 539 344 75
Death rate 97.5 114.2 113.5 131.2 147.1 137.6 p=0.0001

Cardiovascular disease
No of deaths 41 70 140 268 169 38
Death rate 52.5 53.8 58.8 71.1 76.9 75.2 p=0.002

Table 4 Relative rates (95% confidence intervals) of mortality by deprivation category

Deprivation category

Trend1–3 4–5 6–7

Men
All cause
Age 1 1.27 (1.12,1.42) 1.47 (1.28,1.68) p=0.0001
Age + social class 1 1.19 (1.06,1.35) 1.34 (1.17,1.54) p=0.0001
Age + risk factors* 1 1.12 (1.00,1.26) 1.24 (1.08,1.42) p=0.0008

Cardiovascular disease
Age 1 1.24 (1.06,1.45) 1.33 (1.11,1.60) p=0.0001
Age + social class 1 1.19 (1.01,1.40) 1.26 (1.04,1.52) p=0.0001
Age + risk factors* 1 1.12 (0.95,1.31) 1.19 (0.98,1.43) p=0.019

Women
All cause
Age 1 1.18 (1.03,1.37) 1.40 (1.19,1.64) p=0.0001
Age + social class 1 1.12 (0.97,1.30) 1.29 (1.10,1.52) p=0.006
Age + risk factors* 1 1.07 (0.93,1.24) 1.16 (0.99,1.36) p=0.55

Cardiovascular disease
Age 1 1.28 (1.04,1.58) 1.48 (1.17,1.86) p=0.0002
Age + social class 1 1.18 (0.96,1.47) 1.33 (1.05,1.69) p=0.035
Age + risk factors* 1 1.15 (0.93,1.42) 1.21 (0.95,1.52) p=0.60

*Risk factors are diastolic blood pressure, cholesterol, body mass index, FEV1 score, smoking,
angina, ECG ischaemia, and bronchitis.

Table 5 Relative rates (95% confidence intervals) of mortality by social class

Social class

TrendI and II IIIN IIIM IV and V

Men
All cause
Age 1 1.25 (1.06, 1.47) 1.40 (1.23, 1.60) 1.52 (1.33, 1.74) p=0.0001
Age + deprivation score 1 1.23 (1.04, 1.45) 1.32 (1.16, 1.51) 1.41 (1.23, 1.62) p=0.0001
Age + risk factors* 1 1.13 (0.96, 1.34) 1.18 (1.03, 1.34) 1.22 (1.06, 1.40) p=0.005

Cardiovascular disease
Age 1 1.23 (0.99, 1.54) 1.35 (1.13, 1.60) 1.33 (1.11, 1.60) p=0.002
Age + deprivation score 1 1.21 (0.97, 1.52) 1.27 (1.07, 1.52) 1.24 (1.03, 1.49) p=0.033
Age + risk factors* 1 1.13 (0.90, 1.41) 1.20 (1.01, 1.44) 1.16 (0.96, 1.39) p=0.13

Women
All cause
Age 1 0.92 (0.77, 1.10) 1.38 (1.17, 1.64) 1.32 (1.14, 1.54) p=0.0001
Age + deprivation score 1 0.91 (0.77, 1.09) 1.35 (1.14, 1.60) 1.27 (1.09, 1.49) p=0.0001
Age + risk factors* 1 0.93 (0.78, 1.11) 1.21 (1.02, 1.44) 1.13 (0.97, 1.33) p=0.014

Cardiovascular disease
Age 1 0.88 (0.68, 1.15) 1.44 (1.12, 1.84) 1.50 (1.20, 1.87) p=0.0001
Age + deprivation score 1 0.87 (0.67, 1.14) 1.40 (1.09, 1.79) 1.44 (1.15, 1.80) p=0.0001
Age + risk factors* 1 0.90 (0.69, 1.17) 1.19 (0.93, 1.53) 1.25 (0.99, 1.56) p=0.005

*Risk factors are diastolic blood pressure, cholesterol, body mass index, FEV1 score, smoking, angina, ECG ischaemia, and
bronchitis.
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higher risk than non-manual groups for each
deprivation category. For women manual
groups had a higher mortality risk than non
manual groups for each deprivation category
and a clear association between deprivation
category and mortality was seen among
manual, but not non-manual, women.

Discussion
The population covered in this study all reside
within the Renfrew district, an area that
includes rural, new town, and commuter popu-
lations. The 0–64 year age band standardised
mortality ratio in 1980–85 for Renfrew district
was 107, with Scotland as the standard.19 The
area covered by the Renfrew and Paisley study
represents the more deprived parts of the Ren-
frew district, and includes the postcode sector
with the highest deprivation score in Scotland.19

This study therefore covers a representative
sample from a largely deprived area, and is
unusual in this regard for UK epidemiological
studies.23–25

Within this area of high overall deprivation
there was still considerable heterogeneity of both
individual social class and area-based depriva-
tion measures. Large diVerences in cardiovascu-
lar disease risk factors by individual social class
and area-based deprivation are seen. These gen-
erally ran in the same direction, with less favour-
able socioeconomic position, assigned by either
individual or area-based measures, being ac-
companied by shorter height, worse lung
function, and higher prevalences of bronchitis
and coronary heart disease. The two socioeco-
nomic measures contributed independently to
the distribution of these health relatedmeasures.
For women, but not men, body mass index was
higher in the groups in less favourable social cir-
cumstances, in keeping with other data on the
social distribution of obesity.26 Plasma choles-
terol concentrations were higher in the non-
manual social class groups in this study, in line
with other investigations carried out at around
the same time,23 24 although this direction of
association has not previously been reported for
women in the UK, for whom data are sparse.
The higher body mass index in women from
manual social groups would be expected to lead
to higher circulating cholesterol concentrations,
and clearly some other factor is involved in
determining the distribution of cholesterol con-
centrations.
A few studies have examined the contribu-

tion of individual and area-based socioeco-
nomic characteristics to the distribution of
health related behaviours.Multilevel modelling
approaches have generally identified eVects of

residential area on smoking behaviour and
alcohol consumption,27 28 together with influ-
ences on physiological risk factors such as
blood pressure and circulating cholesterol con-
centration that are responsive to health related
behaviours. These area eVects tend to be con-
siderably smaller than the eVects of individual
socioeconomic position, but the categorisation
of the areas has not been one that has explicitly
focused on their socioeconomic characteristics.
A study in Glasgow that investigated health
related behaviours and physical measurements
in relation to individual social class and social
characteristics of area of residence found that
poorer areas contained people who were less
likely to consume (and had less access to)
healthy foods, less likely to participate in sport,
more likely to be smokers, to be shorter, have
higher body mass indices and greater waist to
hip ratios.29 30 Our analyses suggest that the
inhabitants of deprived areas are more likely to
be smokers, have poor lung function, be
shorter and, for women, have higher body mass
indices, even after the occupational social class
of these people has been taken into account.
Geographical diVerences in mortality that are

independent of individual socioeconomic char-
acteristics can be seen in international compari-
sons or in broad geographical diVerences within
a country (for example, north versus south in
England and Wales).31 32 Few investigations of
individual and area-based socioeconomic meas-
ures in relation to mortality among subjects have
been carried out, however. Carstairs and Morris
demonstrate consistent gradients in mortality by
deprivation level within social class groups,
while the reverse is not the case. This suggests
that an important area of residence eVect
exists.14 In the Scottish Heart Health Study both
an area-based deprivation indicator and indi-
vidual social class were associated with prevalent
coronary heart disease, with both remaining sig-
nificant predictors in a multivariable model.33 In
the US National Longitudinal Mortality Study
median family income for census tract of
residence and individual family income have
been related to mortality. While larger mortality
diVerentials were seen in relation to individual
family income, individual and area-based meas-
ures made independent contributions to mortal-
ity risk among people of working age.34 In the
England andWales Longitudinal Study an area-
based deprivation indicator showed little influ-
ence on mortality once the constituents of the
indicator had been adjusted for at the individual
level.15 These latter two studies suVer from the
conceptual problem of using identical markers
at an aggregate and individual level. If specific

Table 6 Age adjusted relative risk (95% confidence intervals) for all cause mortality by deprivation category and social
class

Deprivation category

1 3 4 5 6 7

Men
Non-manual 1 1.06 (0.78, 1.44) 1.02 (0.75, 1.37) 1.26 (0.95, 1.67) 1.43 (1.03, 1.98) 1.70 (0.94, 3.08)
Manual 1.17 (0.79, 1.73) 1.22 (0.92, 1.64) 1.47 (1.13, 1.92) 1.56 (1.21, 2.01) 1.57 (1.21, 2.04) 2.28 (1.67, 3.11)
Women
Non-manual 1 1.05 (0.75, 1.48) 1.01 (0.73, 1.40) 1.18 (0.87, 1.59) 1.40 (1.00, 1.95) 0.94 (0.49, 1.80)
Manual 1.07 (0.65, 1.76) 1.47 (1.05, 2.06) 1.40 (1.04, 1.88) 1.62 (1.23, 2.15) 1.77 (1.32, 2.36) 1.67 (1.17, 2.39)
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influences of place type are considered to exist
then their particularity may better be indicated
by variables other than those considered at the
individual level. Indeed a re-analysis of the
England and Wales Longitudinal Study using
the Craig-Webber area classification demon-
strated an independent contribution of area
characteristics after individual socioeconomic
indicators had been taken into account.35

In our data, as in the similar analyses carried
out for the Alameda County Study,13 36 an
independent, but attenuated, association be-
tween area-based deprivation and all cause
mortality was seen after adjustment for an
extensive array of risk factors. In our data this
was only seen for men, while multivariable
analyses were only carried out for both sexes
combined in the Alameda County Study. It
could be considered that misclassification in
the risk factor data will lead to under-
adjustment and that with better data the
already substantial attenuation in the associa-
tion between area-based deprivation and mor-
tality brought about through risk factor adjust-
ment would be even greater. Alternatively, the
unequal distribution of risk factors according
to socioeconomic characteristics of areas of
residence could be considered to mediate
between area and health, rather than confound
the association. In this case the multivariable
adjustments we have carried out could be con-
sidered to represent over-adjustment.
In this study, as in the Alameda County

Study, data on socioeconomic position in
adulthood were available, but data on child-
hood socioeconomic circumstances were not.
In a further study in the west of Scotland
adjustment for a cumulative socioeconomic
indicator, based on social circumstances from
childhood through to adulthood, led to consid-
erable attenuation of the association between
deprivation level of area of residence and mor-
tality among men.37 Cumulative lifecourse
socioeconomic measures will reflect other fac-
tors than socially patterned exposures in adult-
hood. Firstly, there may be direct influences of
childhood socioeconomic deprivation on mor-
tality from various causes in adulthood.37 38

Secondly, socioeconomic position in adulthood
and area of residence may both be influenced
by educational achievement and other factors
influencing geographical mobility. Several calls
have been made regarding the necessity to
consider geography as an additional dimension
in studies of variations in health.12 36 39 This call
should be extended to one that recognises the
need to include a temporal dimension in addi-
tion to current socioeconomic position and
residential area of people.

CONCEPTUAL ISSUES IN THE USE OF AREA-BASED
SOCIOECONOMIC INDICATORS

When using area-based indicators of socioeco-
nomic position two forms of bias could be
introduced.7 40 It could be considered that the
area-based measure serves as a proxy indicator
of individual socioeconomic circumstances. In
this instance the associations between area-
based socioeconomic measures and health out-
comes would be underestimates of underlying

associations between individual socioeconomic
position and health, as considerable misclassi-
fication of individual socioeconomic circum-
stances by the area-based measure would
occur. The use of larger geographical areas
should lead to greater misclassification of indi-
vidual socioeconomic position and therefore to
the associations between the area-based indica-
tor and health outcomes being attenuated esti-
mates of the underlying association between
individual socioeconomic position and health.
Conversely, there may be specific characteris-
tics of the areas that influence health in other
ways than through individual socioeconomic
diVerences. Technically, the residuals from
analyses using individual level data will be cor-
related with the area-based indicator.40 41 In this
case if the area-based measure is used as a
proxy for individual socioeconomic position it
could overestimate, rather than underestimate,
the magnitude of individual level associations.
Area-based measures will, however, provide
additional information on the socioeconomic
characteristics of residents within the area,
independent of the individual socioeconomic
circumstances of these people.
The empirical findings with respect to these

questions have been variable and have de-
pended upon the context of studies and the
health outcomes under examination.9 10 11 40

The contextual eVects of areas, and the size of
areas that determine these eVects, will diVer in
diVerent places and for diVerent health out-
comes, so this inconsistency in the literature is
not unexpected.
The particular aspects of diVerent areas that

may influence health independently of
individual social class are currently under
investigation.12 36 42 A range of such characteris-
tics, including environmental eVects, housing
conditions, social disorganisation, transport,
insecurity about personal safety, the availability
of retail and leisure facilities, socially deter-
mined health related behaviours, and access to
health care, have been implicated in this
regard. Further investigation of this issue, both
qualitative and quantitative, is required if our
current understanding is to be taken forward.

IMPLICATIONS AND CONCLUSIONS

A wide range of characteristics of areas that
reflect their broader social constitution, while
not being simply reducible to the socioeco-
nomic characteristics of the people living in

KEY POINTS

x Individual and area-based socioeconomic
measures are independently associated
with risk factors, morbidity, and mortal-
ity.

x The use of single socioeconomic indica-
tors as control variables in epidemiologi-
cal studies will leave considerable residual
confounding.

x The use of single socioeconomic indica-
tors does not allow full description of the
degree of health inequalities.
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these areas, have been related to mortality. This
includes such factors as socioeconomic inequal-
ity within the areas, voting patterns at elections,
crime rates, education and medical care ex-
penditure and welfare services.43–46 However,
studies to date—including our own—have
tended to use socioeconomic indicators that
have essentially the same meaning at aggregate
and individual level. Further investigation of a
wider range of socioeconomic and sociocultural
characteristics of areas should be undertaken.
Individually assigned and area-based socio-

economic indicators make independent contri-
butions to at least some important health out-
comes. The use of either indicator alone when
attempting to adjust for socioeconomic con-
founding in aetiological epidemiological stud-
ies may leave a substantial degree of residual
confounding. Similarly the use of only one kind
of indicator will not fully describe the degree of
inequalities in health that exist. Both area-
based and individually-based socioeconomic
data should be collected where possible and
social circumstances acting across the life-
course, rather than just at one stage, require
consideration.
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