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Abstract

Objectives: Our aim was to examine the effect of local area 

socio-economic disadvantage after accounting for individual 

socio-economic status (SES), and to determine if these differ 

between various health and risk factor variables. 

Methods: The North West Adelaide Health Study (NWAHS) is a 

biomedical representative population study of adults. The In-

dex of Relative Socio-Economic Disadvantage (IRSD), produced 

from the Australian Bureau of Statistics (ABS) Census data at 

the level of Collector Districts (200 dwellings) was used as an 

indicator of local area disadvantage. Multi-level modeling 

techniques examined the effects of IRSD level on a variety of 

health outcomes and risk factors, after accounting for individ-

ual socio-economic factors. 

Results: Significant, independent associations were seen be-

tween IRSD and obesity, smoking, and health-related quality of 

life, with 5 % to 7.2 % of the variance located at the neighbor-

hood level. No independent associations were seen between 

IRSD and estimated cardiovascular disease risk, diabetes, physi-

cal activity, or at-risk alcohol use. 

Conclusions: Aggregated area-level characteristics make mod-

est, but significant independent contributions to smoking, 

obesity and quality of life, but not for other health outcomes. 

Keywords: Socio-economic disadvantage – Multilevel modeling – 
Obesity – Health-related quality of life – Social determinants of health.

Introduction

A number of studies have examined the association of local 
area context as a mediator between income inequality and 
health1,2 Pickett and Pearl3, in a systematic review of multi-
level studies of the association of neighbourhood area and 
health, concluded that there is evidence for an association 
between area and health outcomes. However, these area as-
sociations with health are generally smaller than those seen 
for individual socioeconomic status (SES) variables (such as 
age, gender, social class, and employment status). In addition, 
several studies have shown interactions between area and in-
dividual characteristics in predicting health.4–6

Findings from the US demonstrate an association between 
income inequality and self-rated health that persists after ad-
justment for individual level factors.7 However, this finding 
does not seem to be generalisable to other countries where the 
evidence for any association between income inequality and 
health outcomes is mixed.8,9 A potential limitation of these 
analyses is the focus on income10 without consideration of 
other measures of SES such as education which show a strong 
association with such factors as cardiovascular risk factors in 
other studies11.
At smaller levels of geographical analysis in the U.S., multi-
level studies have produced mixed findings for health out-
comes including self-rated health12,13 and for mortality14,15. A 
number of studies from the US and Canada have found that 
the relationship between mortality and income is different 

for disadvantaged and advantaged neighborhoods15,16. These 
studies have shown excess mortality among those with low 
individual SES living in high SES neighbourhoods over peo-
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ple with low individual SES living in low SES neighbour-
hoods. Of note, Winkleby et al found there were few differ-
ences in baseline lifestyle risk factors between those with low 
individual SES who were living in low or high SES areas.15 
This suggests that factors other than individual risk were at 
play in these results. In previous Australian studies, the most 
deprived neighborhoods were associated with adverse health 
outcomes, including mortality17, and chronic diseases18,19. 
However, these studies did not make any adjustments for in-
dividual socio-economic status. 
Studies examining the association between area and health 
risks have also produced mixed results. Individuals living in 
the most deprived neighborhoods have shown an increased 
risk of being obese, physically inactive and smoking when 
adjusted for individual status6. However, criticism has been 
made that some of the studies examining links between area 
and health risks have not adequately controlled for important 
individual cardiac risk factors, such as smoking20,21,22. In Aus-
tralia, area level disadvantage has been identified as an im-
portant risk factor for obesity, after adjusting for individual 
SES23. However this study was limited by a marked over-rep-
resentation of women, use of self-report BMI measurements, 
and achieved a low response rate from low SES individuals. 
This raises the possibility of bias and confounding in the re-
sults, as the sample may not have been representative of Aus-
tralian adults, and may not have accurately assessed the key 
variable of obesity with self-reported BMI24. 
Therefore, confirmation of an area level association with health 
risks independent of individual level characteristics in a recent, 
representative population cohort is important. To examine this 
question we used data from the North West Adelaide Health 
Study (NWAHS), a population study of predominantly Cau-
casian adults from Adelaide, South Australia. The first aim of 
this study is to analyze in an Australian context whether there 
is an association between local area socio-economic disadvan-
tage and health that persists after accounting for individual 
socio-economic status. The second aim is to analyze whether 
any local area effect varies for different health and risk factor 
variables. We also examine if any relation between health risk 
factors and income or education is differential for disadvan-
taged and advantaged neighborhoods. 

Methods

The North West Adelaide Health Study (NWAHS) is a rep-
resentative biomedical population study of people aged 
eighteen years or older living in the north western suburbs of 
Adelaide, South Australia (regional population 0.6 million). 
The aims of the study were to provide estimates of chronic 

conditions and associated risk factors and quality of life for 
the regions. The sample is representative of the community 
profile of Adelaide25. The methods have been described previ-
ously in detail25. 
The North West Adelaide Health Study (NWAHS) recruit-
ed between 2000 and 2002 with a total of n = 4060 adults 
participating. The overall response rate of the completed 
telephone interview, self-completed questionnaire and clin-
ic biomedical assessment (including blood sample) was  
50 % (69 % of those interviewed)”. Persons aged ≥ 18 years 
from households selected at random from the electronic white 
pages directory were eligible. Respondents completed sur-
veys of health status and demographic data and underwent 
clinic assessment, including measurement of blood pressure, 
height, weight, waist and hip circumference, fasting glucose 
and lipid levels. The study was approved by institutional eth-
ics committees of the North West Adelaide Health Service, 
and all subjects gave written informed consent.
Individual level variables included age, gender, country of 
birth, marital status, education level, household income, re-
ceiving government benefits or pension, employment status. 
The Index of Relative Socio-Economic Disadvantage (IRSD) 
is a measure of area socio-economic position produced from 
the Australian Bureau of Statistics (ABS) Census data26 that 
focuses on low income, relatively lower educational attain-
ment and high unemployment. We used indices developed 
from 2001 census data to correspond with the timeframe of 
the NWAHS Study. It is a composite measure derived from 
the following area attributes of percentages of people with: 
low household income (< $15 600); families with offspring 
with parental income < $15 000; unemployment; lower skill 
workers (those classified as “labourer and related workers”, 
“intermediate production and transport workers”, elementary 
clerical, sales and service workers”) tradespersons; people 
aged 15 and over with no qualifications and/or did not go to 
school; one parent families with dependent offspring only; 
people separated or divorced; households renting from gov-
ernment authorities; dwellings with no motor cars; occupied 
private dwellings with two or more families; people lacking 
fluency in English. The IRSD is compiled at the Collector’s 
District (CD) level, a census collection unit equivalent to 
about 200 dwellings in urban areas. The CDs are similar in 
population size to enumeration districts in the UK. We present 
results for IRSD scores divided into quintiles for single-level 
models and per CD level in the multi-level models. 
Health states and risk factors definitions are as follows. 
Smoking was defined as current smoking. Recreational physi-
cal activity was assessed to Australian standards using items 
for the Active Australia Survey27. Activity was calculated as 
the number of times activity was undertaken by average time/
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session by (self-perceived) intensity, categorized into seden-
tary, low, moderate and high exercise27. High blood pressure 
was defined as systolic blood pressure ≥ 140 mmHg and or 
diastolic blood pressure ≥ 90 mmHg. High cholesterol was 
defined as total blood cholesterol ≥ 5.5mmol/litre. Intermedi-
ate to high alcohol use was defined for males and females. 
Males: average daily intake of at least 5–8 standard drinks or 
occasional excess; Females: average daily intake of at least 
4 standard drinks or occasionally 9–12 drinks in one day28. 
Obesity was defined as BMI > 30 kg/m2. High waist circum-
ference waist circumference of > 102 cm for males / > 88 cm 
for females The metabolic syndrome was defined using the 
ATP Expert Panel III definition, as 3 or more of the follow-
ing variables: triglyceride level of > 1.7 mmol/L; HDL choles-
terol level of < 1.0 mmol/L in men or < 1.3 mmol/L in women; 
blood pressure of at least 130/85 mm Hg; fasting glucose 
level of > 6.1 mmol/L; or waist circumference of > 102 cm for 
males / > 88 cm for females29. For Framingham Heart Study 
functions of predicted CHD risk we used published criteria30 
based on age, total and HDL cholesterol, blood pressure, dia-
betes and smoking. We defined high risk for CHD as 10-year 
risk of > 15 % for men and women aged 35–75 years, with no 
previous history of CHD or stroke. Quality of life was meas-
ured using the Short-Form 36 (SF-36) scale, aggregated into 
the Physical Health Component Summary (PCS) and Mental 
Health Component Summary (MCS) scores, which is a vali-
dated measure of quality of life in Australia31. 

Statistical Analyses
Data for self-report variables was 99 % complete, other than 
income (95 %) and for measured variables was over 98 % com-
plete. Data obtained were weighted to the 1999 Estimated Res-
idential Population for South Australia32 by region, age group, 
gender and probability of selection in the household, to provide 
population representative estimates. Data were analyzed using 
the Statistic Package for the Social Sciences (SPSS Version 
10.0) and Stata Version 9. Logistic regression was used to ex-
amine associations of income, education and Socio-economic 
Indexes for Areas (SEIFA) IRSD scores with health states, life-
style factors and quality of life, adjusted for age and gender. 
The SF-36 was scored using coefficients based on a structural 
equation model. The summary scores based on the exploratory 
factor analysis approach of Ware et al.31 have been questioned 
in the literature33, and the structural equation modeling ap-
proach has been demonstrated to overcome the problem34. The 
component summary scores are constructed so that the mean 
for the general population is set at 50 with a standard deviation 
of 10, and higher scores indicate better quality of life.
The assessment of the significance of area-level effects tak-
ing into account the characteristics of individuals is inherent-

ly multi-level10,19. The data takes the form of persons nested 
within areas, a two level structure. Multi-level models correct 
the variance estimates of the coefficients in the fixed part of 
the model by partitioning the error variance between the lev-
els of the nested effects, thus allowing for the clustering or 
non-independence of the observations. The IRSD index score 
was matched to the dataset at the CD level, and quintiles com-
puted. Accordingly analysis was carried out at the CD level. 
Multi-level models were fit with CD as level 2, with SEIFA 
index of relative socioeconomic disadvantage quintiles as a 
predictor in the fixed part of the model. Models were fit using 
MLwiN version 2.10 beta 4. The analysis was conducted with 
non-integer weights at level 1 since the data are derived from 
a survey, with a clinic follow up component. Level 2 weights 
were calculated as recommended by the MLwiN documen-
tation, the method being credited to Bob Johnson (National 
Opinion Research Centre, University of Chicago).
For normally distributed dependent models the amount of 
variance associated with each level of the data hierarchy is the 
intra-class correlation, and can be read directly from the vari-
ance contributions of the fitted model. The situation is more 
complex for non-linear models, such as logistic regression 
models. For these models it is necessary to calculate the vari-
ance partition coefficient (VPC) from the outputs provided by 
the model, and the VPC cannot be interpreted as an intra-class 
correlation. In these models the VPC is dependent on the pre-
dictors in the model, and the values of the predictors, and it is 
different for each case. For each binary dependent variable, a 
variance components model was fit to produce an indication 
of the size of the variance partition coefficient at each level. 
We used the first order Taylor series approximation (Method 
A) of Goldstein et al35. We set the tolerance to 10–3 to force a 
more accurate solution. Binary models were fit using 1st or-
der marginal quasi likelihood (MQL) followed by 2nd order 
penalised quasi likelihood (PQL) where possible. Since the 
binary dependent models were fit using quasi likelihood, the 
likelihood statistic was not accurate. In these models the joint 
significance of the socioeconomic status quintile dummies 
was tested using Wald tests.
The adjusted R2 for the normally distributed models was cal-
culated as one minus the variance of the fitted model divid-
ed by the total variance identified in a variance components 
model. The joint significance of the socioeconomic quintile 
dummy variables was tested using a likelihood ratio test.
Models were also calculated with IRSD scores for postcode 
levels, constructed by the ABS computing weighted average 
scores across all CD’s comprising the postcode. No differ-
ences were seen in any of the relationships or the significance 
of any of the results. As age makes a substantial contribu-
tion to CHD risk scores, models were also recalculated using 
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age-standardised parameters. This did not have a significant 
effect on any of the associations of IRSD SEIFA and health 
outcomes.

Results

The prevalence of health risk factors, diabetes and the meta-
bolic syndrome, and quality of life scores in the sample popu-
lation have been published previously25. The prevalence of 

lifestyle risk factors and health states within quintiles of area 
relative socio-economic disadvantage and the effect of educa-
tion level (Tab. 1) and household income (Tab. 2), are shown. 
When comparing people within quintiles of local area disad-
vantage, those with the lowest levels of education and income 
had significantly higher levels of smoking, physical inactivity, 
hypertension and the presence of 2 or more risk factors than 
people in the highest group of education and income, after 
adjusting for age and gender. This effect was seen across all 
SEIFA IRSD quintiles. Consistent differences were not seen 

Table 1. Risk factor prevalence (%) within quintiles of the SEIFA Index of relative socio-economic disadvantage among those with different levels of 
education. 

Risk factor * 1st Quintile
(n = 839)

2nd Quintile
(n = 767)

3rd Quintile
(n = 792)

4th Quintile
(n = 825)

5th Quintile
(n = 836)

Obesity 33.2 28.4 28.2 28.4 21.0

High school 34.1 30.9 31.1 29.5 19.4

Technical † 32.3 28.6 25.8 29.8 20.9

University 30.8 17.7 25.6 18.0 17.2

OR   1.1 (0.6–2.0)   2.5 (1.3–4.7)   1.2 (0.8–2.0)   1.6 (0.9–2.8)   1.0 (0.6-1.6)

Current smoking 30.9 23.0 26.5 19.2 20.3

High school 31.8 18.5 29.8 18.5 18.7

Technical 29.9 33.3 27.7 22.8 23.9

University 29.2 10.1 12.7   7.9 14.4

OR   2.3 (1.1–4.7)   2.3 (1.1–4.7)   3.3 (1.8–5.9)   3.2 (1.5–7.0)   1.8 (0.96-3.2)

Physical inactivity 51.4 49.9 49.4 47.0 39.3

High school 54.2 51.1 52.0 55.0 43.5

Technical 50.2 51.9 50.6 39.6 41.7

University 35.4 39.2 37.6 37.1 23.2

OR   2.2 (1.2–4.1)   1.8 (1.1–3.1)   1.9 (1.2–2.9)   2.3 (1.4–3.8)   2.2 (1.4-3.5)

Risky alcohol use   5.4   5.2   8.6   5.7   5.4

High school   6.3   6.6   9.0   6.6   5.5

Technical   4.7   4.8 10.0   3.9   7.1

University   1.5   1.3   3.4   9.0   0.8

OR   1.6 (0.4–6.9)   3.1 (0.7–14.1)   2.0 (0.7–5.4)   0.8 (0.3–2.0)   2.3 (0.6–8.0)

Met. syndrome 17.7 16.9 13.3 15.6   9.5

High school 18.1 19.2 15.0 15.8   9.6

Technical 17.9 17.7 14.6 17.2   8.9

University 10.8   7.6   6.8   7.9   8.9

OR   1.4 (0.6–3.1)   2.0 (0.9–4.7)   2.5 (1.1–5.4)   1.9 (0.9–4.2)   0.8 (0.4–1.6)

≥ 2 risk factors 52.7 44.1 45.1 44.9 37.8

High school 55.7 48.2 48.3 47.3 41.8

Technical 49.9 47.2 46.9 45.6 40.5

University 44.6 19.0 29.9 30.7 21.0

OR   1.4 (0.8–2.5)   3.5 (1.9–6.2)   2.3 (1.4–3.6)   2.2 (1.3–3.7)   2.0 (1.3–3.2)

*Obesity: BMI ≥ 30 kg/m2; Physical inactivity: < 150 min/week moderate activity; Alcohol risk: for males - average daily intake of at least 5-8 standard 
drinks or occasional excess; for females: average daily intake of at least 4 standard drinks or occasionally 9-12 drinks in one day; 
Metabolic syndrome: ≥ 3 of waist circumference > 102cm for males, > 88cm for females; HDL < 1.0 mmol/l for males, < 1.3 mmol/l for females; 
blood pressure ≥ 130/85; serum triglyceride ≥ 1.7 mmol/l; fasting plasma glucose ≥ 6.1 mmol/l. Multiple risk factors: ≥ 2 of obesity, current smoking, 
insufficient physical activity, high BP, alcohol risk; dyslipidemia. † Technical category includes vocational, technical studies, certificate or diploma. 
†Technical category includes vocational, technical studies, certificate or diploma.    
‡Odds ratios (95 % CI) are for High school compared with University, adjusted for age and gender.
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for obesity or truncal adiposity, and there were no differences 
in dyslipidemia or risky alcohol use. 
Clear trends were seen across quintiles of SEIFA scores and 
the prevalence of risk factors and health states. Diabetes, the 
metabolic syndrome and with physical and mental health 
quality of life, and the risk factors of obesity, smoking and 
insufficient recreational physical activity were more common 
among people residing in lower quintiles of SEIFA scores. 
Similar patterns were seen for differences of income and edu-

cation level, with the exceptions of diabetes and education, 
and the metabolic syndrome and income. Large, statistically 
significant differences were seen across income categories for 
both physical and mental health quality of life scores. Similar 
patterns were seen for education levels and area economic dis-
advantage but the magnitude of these differences was smaller 
than that seen for income (Tab. 3).
Differences were seen across SEIFA quintiles within cat-
egories of education (Tab. 4) and income (data not shown). 

Table 2. Risk factor prevalence (%) within quintiles of the SEIFA Index of relative socio-economic disadvantage among those with different levels of 
income. 

Risk factor 1st Quintile
(n = 901)

2nd Quintile
(n = 713)

3rd Quintile
(n = 817)

4th Quintile
(n = 882)

5th Quintile
(n = 748)

Obesity 33.2 28.0 28.1 27.8 20.7

< $20,000 38.1 27.7 34.4 29.5 32.5

$20,001–$50,000 31.4 33.8 26.3 31.6 16.9

$50,001–$80,000 33.1 23.2 28.7 25.8 21.8

> $80,000 19.6 19.0 22.2 17.9 16.1

OR*   1.7 (0.8–3.9)   1.5 (0.7–3.4)   1.8 (0.97–3.5)   1.1 (0.6–2.1)   1.9 (1.02–3.4)

Current smoking 29.8 23.2 26.8 19.4 20.3

< $20,000 25.8 20.8 18.5 18.8 17.2

$20,001–$50,000 34.1 25.7 32.8 21.5 19.6

$50,001–$80,000 31.5 25.8 25.8 18.1 23.4

> $80,000 16.1 13.6 23.2 16.9 19.9

OR   4.4 (1.7–11.3)   5.3 (2.1–13.3)   2.3 (1.1–4.7)   4.2 (1.9–9.3)   3.2 (1.6–6.5)

Physical inactivity 50.9 48.3 47.9 46.5 38.1

< $20,000 55.5 50.6 50.3 49.4 40.5

$20,001–$50,000 53.9 52.7 51.9 45.3 44.9

$50,001–$80,000 42.1 48.0 44.8 49.0 39.6

> $80,000 33.3 25.9 37.4 41.5 24.8

OR   1.6 (0.8–3.4)   2.7 (1.3–5.4)   1.8 (1.03–3.2)   1.6 (0.9–2.8)   2.1 (1.2–3.6)

Risky alcohol use   5.0   5.3   9.0   5.7   3.7

< $20,000   3.8   2.6   3.9   5.7   6.0

$20,001–$50,000   4.8   6.3 11.5   6.5   7.1

$50,001–$80,000   5.6   7.9 11.9   2.5   5.1

> $80,000 10.7   1.7   4.1   8.5   3.7

OR   0.5 (0.1–1.6)   1.0 (0.2–5.7)   1.3 (0.3–4.6)   2.2 (0.6–7.2)   1.8 (0.6–5.5)

Metabolic Synd. 17.7 16.9 13.3 15.6   9.5

< $20,000 22.4 24.7 17.2 18.2 13.8

$20,001–$50,000 16.1 14.9 14.3 17.9   9.8

$50,001–$80,000 15.7 13.2 10.3   9.6   8.6

> $80,000 10.7 13.6 10.1 15.3   6.8

OR   1.3 (0.5–3.4)   0.8 (0.9–2.0)   1.2 (0.5–2.8)   0.7 (0.4–1.5)   1.0 (0.4–2.3)

≥ 2 risk factors 51.6 43.3 43.5 44.5 36.5

< $20,000 62.2 50.6 47.4 48.3 50.0

$20,001–$50,000 50.9 45.0 45.5 47.2 37.5

$50,001–$80,000 42.1 41.7 41.8 40.4 37.1

≥ $80,001 30.4 22.0 34.3 38.1 24.8

OR   2.5 (1.2–5.4)   2.9 (1.4–6.0)   1.9 (1.04–3.3)   1.8 (1.02–3.3)   2.2 (1.3–3.7)

*OR (95 % CI) for comparison < $20,000 versus > $80,000, adjusted for age and gender. 
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Compared with the highest quintile of SEIFA, those living 
in the lowest quintile had significantly increased odds ratios 
for obesity, smoking, sedentary recreational physical activity 
and the metabolic syndrome, at each level of individual edu-
cation and income. Consistent differences were not seen for 
hypertension, at-risk alcohol consumption, dyslipidemia, or 
CVD risk. 

Multi-level models
Using multi-level modeling we examined the association of 
neighborhood using SEIFA IRSD quintiles with health states 
and risk factors, after adjusting for individual demographic 
and socio-economic factors. Tab. 5 shows the odds ratios 
(for dichotomous variables) or linear coefficients (for linear 
variables) associated with each level of SEIFA for each of 
the dependent variables, as well as the variance residing at 
the SEIFA level for each variable (expressed by the variance 
partition coefficient). Significant, independent associations 
were seen between local area relative economic disadvantage 
and obesity, smoking, and health-related quality of life as as-
sessed by the SF-36 Mental Health and Physical Health Com-

Table 3. Mean (SE) SF-36 Physical Component Summary (PCS) and 
Mental Component Summary (MCS) scores† in relation to individual 
and area level socioeconomic factors adjusted for age and gender.

PCS MCS

SES indicator Mean (SE) Mean (SE)

SEIFA quintile
1st 47.4* (0.3) 48.9* (0.3)

2nd 49.2 (0.4) 50.0 (0.4)

3rd 48.4* (0.3) 48.9* (0.4)

4th 49.3 (0.3) 50.3 (0.3)

5th 50.2 (0.3) 50.5 (0.4)

Education

High school 48.1* (0.2) 49.4* (0.2)

Technical† 48.9* (0.2) 49.7 (0.3)

University 51.0 (0.4) 50.7 (0.5)

Income

< $20,000 45.7* (0.3) 47.0* (0.4)

$20,001–$50,000 49.0* (0.2) 49.8* (0.3)

$50,001–$80,000 50.8* (0.3) 51.4 (0.3)

≥ $80,001 52.1 (0.4) 52.4 (0.4)

†SF-36 PCS & MCS scores are constructed so that the mean for the 
general population is set at 50 with a standard deviation of 10, and 
higher scores indicate better quality of life.
* p < 0.05 versus the highest SES category

Table 4. Odds ratios (95 % CI)* for health risks and outcomes in relation to quintile of SEIFA within each education level.

Risk factor 1st 2nd 3rd 4th 5th

Obesity

High School 2.3 (1.6–3.5) 1.9 (1.2–3.0) 2.0 (1.3–3.0)   2.0 (1.3–3.0) 1.0

Technical‡ 2.0 (1.3–2.9) 1.8 (1.2–2.9) 1.5 (0.9–2.2)   1.7 (1.2–2.6) 1.0

University 2.2 (1.0–4.8) 1.0 (0.4–2.4) 1.5 (1.7–2.8)   0.9 (0.4–1.9) 1.0

Smoking

High School 1.9 (1.3–2.8) 0.9 (0.6–1.4) 1.6 (1.1–2.3)   0.9 (0.6–1.3) 1.0

Technical 1.3 (0.9–1.8) 1.5 (1.0–2.2) 1.1 (0.8–1.6)   0.9 (0.6–1.3) 1.0

University 2.5 (1.2–5.1) 0.6 (0.3–1.6) 0.9 (0.4–1.8)   0.5 (0.2–1.3) 1.0

Sedentary 

High School 1.8 (1.2–2.5) 2.0 (1.4–2.9) 2.2 (1.5–3.2)   1.6 (1.1–2.2) 1.0

Technical 1.7 (1.2–2.4) 2.1 (1.4–3.1) 1.2 (0.8–1.8)   1.0 (0.7–1.5) 1.0

University 3.5 (1.2–10) 3.2 (1.1–9.3) 3.6 (1.4–9.4)   3.1 (1.1–8.6) 1.0

Hypertension 

High School 1.2 (0.9–1.7) 1.2 (0.9–1.7) 1.3 (0.9–1.9)   1.1 (0.8–1.6) 1.0

Technical. 1.2 (0.9–1.8) 1.3 (0.9–2.0) 1.1 (0.8–1.7)   1.2 (0.8–1.7) 1.0

University 1.4 (0.5–3.8) 1.8 (0.7–4.4) 1.1 (0.5–2.8)   0.8 (0.3–2.1) 1.0

Risky alcohol

High School 1.1 (0.6–2.0) 1.2 (0.6–2.3) 1.5 (0.8–2.7)   1.1 (0.6–2.0) 1.0

Technical 0.7 (0.3–1.2) 0.7 (0.3–1.4) 1.5 (0.8–2.6)   0.5 (0.3–1.1) 1.0

University 2.2 (0.1–41) 1.3 (0.1–33) 5.9 (0.6–60) 13 (1.4–122) 1.0

Metabolic syndrome

High School 2.4 (1.5–3.7) 2.4 (1.5–3.8) 2.0 (1.2–3.3)   2.0 (1.3–3.3) 1.0

Technical 2.4 (1.5–3.9) 2.5 (1.5–4.2) 2.0 (1.2–3.3)   2.2 (1.4–3.6) 1.0

University 1.5 (0.5–4.1) 1.0 (0.4–2.9) 0.9 (0.3–2.3)   0.8 (0.3–2.3) 1.0

*Reference category for odds ratios is the 5th or highest level quintile.
‡Technical category includes vocational, technical studies, certificate or diploma. 
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ponent Summary Scores. No independent associations were 
seen between SEIFA IRSD quintiles and estimated 10-year 
cardiovascular disease risk in men or women, diabetes, chron-
ic lung disease symptoms, recreational physical activity, or 
at-risk alcohol use, after adjustment for individual level SES 
factors. There were no significant individual-area interaction 
effects seen in the model. 

Discussion

We have demonstrated differences between health risk factors 
and outcomes in their association with local area disadvantage 
and individual SES. Consistent with some other studies11,23, 
we found modest but significant associations between living 
in socio-economically disadvantaged areas and smoking and 
obesity that persist after adjustment for individual SES. An 
association was also seen with health-related quality of life, 
in both physical and mental health domains. Although an as-
sociation was seen between local area disadvantage and the 
presence of diabetes, the metabolic syndrome, predicted risk 
of cardiovascular events, and recreational physical activity, 
these associations did not remain after adjustment for indi-
vidual SES. 
It is unclear why some risk factors such as obesity maintain 
strong associations with aggregated area-level disadvantage 
after taking individual SES into account, while other obes-
ity-related metabolic disorders, such as diabetes or the meta-
bolic syndrome, do not. It is possible that a universal health 
system may successfully ameliorate these adverse metabolic 
consequences of obesity with effective treatments of, for ex-

ample hypertension and hypercholesterolemia, so that area 
level effects are no longer discernable. There is also the pos-
sibility that diabetes and the metabolic syndrome may dif-
ferentially develop over time dependent on area level charac-
teristics. Interactions between individual characteristics and 
behaviour, such as access to food and food choices, exposure 
to take-away fast food outlets, and opportunities for physical 
activity may vary according to area level disadvantage. An 
association between high neighbourhood deprivation and an 
absence of protective cardiovascular disease-related health 
behaviour changes in the past year, but not predicted future 
CHD risk, independent of individual-level SES has been re-
ported36. 
Previous Australian studies suggest complex relationships 
between individual characteristics, behaviour and area level 
influences. Studies have shown inconsistent results regarding 
whether area disadvantage exerts a major effect on food pur-
chasing decisions18,37. A study from another Australian city 
reported a decreased likelihood of participating in sufficient 
physical activity in people living in economically disadvan-
taged areas after adjusting for individual SES38. The strongest 
negative association was seen between local area deprivation 
and jogging. However, the measure of local area economic 
disadvantage used only accounted for the proportion of low-
income households. This measure may not adequately adjust 
for confounding for individual factors and this may partly ac-
count for the differences in results with our study. It is pos-
sible that the characteristics of neighbourhoods that influence 
particular physical activities, such as jogging, vary substan-
tially between the two cities such that local area effects are 
seen differentially. 

Table 5. Odds ratios or linear co-efficients* for the association of various health outcomes and lifestyle risk factors with quintiles of SEIFA Index of 
Socio-economic Disadvantage in multi-level models, adjusted for individual level factors†.

Dependent variable SEIFA Quintiles VPC‡ p-value

2nd 3rd 4th 5th

SF-36 MCS* 1.54 –0.10 0.92 0.53 5.0% 0.015

SF-36 PCS* 1.26 0.26 1.09 0.48 5.4% 0.059

Obesity 0.8 0.7 0.5 0.4 5.6% 0.0000

Current smoker 0.9 0.8 0.6 0.6 7.2% 0.005

Framingham 15% risk 

Males 1.0 1.1 1.0 1.5 2.1% 0.72

Females 0.9 0.9 0.7 0.4 3.7% 0.40

Diabetes 0.8 0.7 0.8 0.7 1.2% 0.64

Inadequate exercise 0.9 0.9 1.0 1.0 5.9% 0.95

High alcohol risk 1.8 1.8 0.3 1.7 5.1% 0.11

*Linear co-efficients for SF-36 Physical Component Summary (PCS) & Mental Health Component Summary (MCS), other values are odds-ratios for 
dichotomous variables. 
†Models include age, gender, household income, education level, work status/occupation and ethnicity, and the other variables in the table.
‡ VPC = Variance Partition Coefficient
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Consequently, the implications of these findings for policy 
planning are that further work is required that specifically 
examines these questions. One possibility is pseudo-experi-
mental study designs that could compare intensive efforts at 
individual risk factor reduction (e.g. blood pressure or choles-
terol reduction, exercise classes, education on food choices, 
smoking cessation counseling) in one area, with public health 
actions at area level (e.g. subsidized access to food and im-
proved food choices, urban design changes to enhance op-
portunities for physical activity) in another. 
We found significant differences between low and high-SES 
areas among those at similar individual SES levels for obes-
ity, smoking, sedentary recreational physical activity and the 
metabolic syndrome. In contrast, Winkelby et al found in the 
US that people with low SES living in high-SES neighbour-
hoods had higher mortality rates than other groups that were 
not explained by differences in baseline characteristics15. 
However, in their population, risk factor prevalence at base-
line was similar among those with low-SES living in either 
high or low-SES neighbourhoods. Others have suggested that 
the association between smoking and poor health in disadvan-
taged areas may be due to the low socio-economic status of 
individuals in these areas20. 
Alternatively, peer acceptance of smoking may play a major 
part in smoking uptake and continuation39, and people’s per-
ception of their own risk may depend on the people around 
them40. This may help to explain the differences in smoking 
across levels of area SES in people of similar individual SES 
in our study. The impact of social networking on obesity has 
been described and may eclipse the effect of immediate neigh-
bours on weight gain41. If close social contacts in lower SES 
areas are more likely to come from local areas than for people 
in higher SES areas, this may be a contributing factor to neigh-
bourhood effects on such variables as smoking and obesity. It 
would also point to interventions that modify the individual’s 
social network as important in modifying behaviour42, 43. 
Local area effect was associated with 5 % of the variance in 
SF-36 MCS scores, a modest but significant effect. Income 
differences appeared to have a greater association with MCS 
scores than education. Previous reports from UK and US data 
indicated neighbourhood effects on mental health were small, 
compared with the characteristics of the individuals who live 
in the area44. Propper et al. found that for GHQ-12 scores esti-
mated variance at neighbourhood level was < 1 % in adjusted 

models and concluded that policy should reflect that consid-
eration. They suggested that in terms of mental health status it 
is people and their households, rather than place that have the 
greater influence44. Our data suggest that attention to which 
features of neighbourhoods affect mental health is warranted 
as these may be more amenable to intervention than such indi-
vidual characteristics as age, gender and education. 
Some authors have suggested that census measures such as 
IRSD scores do not capture features of the neighbourhoods 
themselves that may influence health45. However, there is lit-
tle consensus regarding possible pathways linking area of res-
idence to health46. We included three measures of individual 
level SES limiting the likelihood of effects of confounding by 
unmeasured individual SES. Our study is limited by reliance 
on subject self-report for some of the health conditions de-
scribed. However, studies from community populations have 
found self-reported cardiac events and stroke to be accurate47. 
There was also a potential bias from survey non-response, 
although our study response rate is very good compared to 
other similar population studies, and there is no significant 
non-response bias by low SES groups, by gender or those 
with chronic diseases or health risk factors48. The sampling 
technique was unbiased other than the need for participants 
to be living in a household with a telephone, which represents 
about 97 % of Australian households, and the ability of these 
methods to achieve an unbiased population-based sample 
have been described previously. The NWAHS study popula-
tion covers the full range of economic strata, and there are 
sufficient numbers at each end of the SES scale to allow for 
describing differences in local area and individual SES48. A 
major strength of this study is the inclusion of a wide range 
of CHD and other health risk factors, chronic diseases and 
quality of life measurements, providing a broad picture of the 
effect of individual and area SES on health. 
We have found individual characteristics and aggregated level 
characteristics make independent contributions to smoking, 
obesity and quality of life, but not for other health outcomes. 
Future work is indicated to examine what neighbourhood fea-
tures in the Australian context contribute to putting people at 
risk for these differential adverse health effects. 
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