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OBJECTIVE—To examine the role of area-level socioeconomic status (SES) on the develop-
ment of abnormal glucose metabolism (AGM) using national, population-based data.

RESEARCH DESIGN AND METHODS —The Australian Diabetes, Obesity and Lifestyle
(AusDiab) study is a national, population-based, longitudinal study of adults aged =25 years. A
sample of 4,572 people provided complete baseline (1999 to 2000) and 5-year follow-up (2004
to 2005) data relevant for these analyses. Incident AGM was assessed using fasting plasma
glucose and 2-h plasma glucose from oral glucose tolerance tests, and demographic, socioeco-
nomic, and behavioral data were collected by interview and questionnaire. Area SES was defined
using the Index of Relative Socioeconomic Disadvantage. Generalized linear mixed models were
used to examine the relationship between area SES and incident AGM, with adjustment for
covariates and correction for cluster design effects.

RESULTS —Area SES predicted the development of AGM, after adjustment for age, sex, and
individual SES. People living in areas with the most disadvantage were significantly more likely to
develop AGM, compared with those living in the least deprived areas (odds ratio 1.53; 95% CI
1.07-2.18). Health behaviors (in particular, physical activity) and central adiposity appeared to
partially mediate this relationship.

CONCLUSIONS—Our findings suggest that characteristics of the physical, social, and eco-
nomic aspects of local areas influence diabetes risk. Future research should focus on identifying

the aspects of local environment that are associated with diabetes risk and how they might be
modified.

Diabetes Care 35:1455-1461, 2012

dysglycemia is rapidly increasing in

Australia (1) and worldwide (2), and
it has been shown that people in the lower
socioeconomic groups experience dis-
proportionately high levels of abnormal
glucose metabolism (AGM) (including
impaired fasting glucose [IFG], impaired
glucose tolerance [IGT], and type 2 diabe-
tes) (3-5). Area-level disadvantage as a risk
factor for diabetes, however, has received

The prevalence of type 2 diabetes and

little attention. Yet, if shown to indepen-
dently influence one’s risk of development
of AGM, it would have important implica-
tions for policy interventions that target local
populations and communities, in addition
to the current focus on more individually
based behavioral interventions.

National survey monitoring data from
Australia shows that rates of self-reported
diabetes are greater in areas with greatest
disadvantage (6). Work from the U.S. and
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Scotland also demonstrates the relationship
between neighborhood socioeconomic
characteristics and diabetes incidence
(7-9). These previous studies, however,
comprised significant limitations, using se-
lect populations without objective mea-
sures of incident diabetes. The reliance on
self-report for diabetes diagnosis is a partic-
ularly important limitation, as rates of both
clinical diagnosis and recall of diagnoses
may vary by socioeconomic status (SES)
(10) and availability of local healthcare re-
sources. Furthermore, the relationship be-
tween area SES and diabetes risk is likely to
be confounded by individual SES (11);
therefore, it is essential to account for indi-
vidual socioeconomic characteristics in
analyses.

The pathways that might explain the
relationship between area SES and AGM
have not previously been explored. Various
models of how the social determinants of
health have been proposed. In this study,
we draw on the model proposed by Turrell
and Mathers (12), which illustrates the
stages at which different socioeconomic de-
terminants exert their influence on health. It
divides the causes of health inequalities into
upstream (such as SES at an individual and
environmental level), midstream (individual
health behaviors and psychosocial adver-
sity), or downstream (biological risk factors
such as obesity) determinants of disease.

The current study aims to examine
the prospective relationship between area-
level SES and objective measurement of
incident AGM using Australian national,
population-based data. This dataset also al-
lows us to investigate the potential moder-
ating role of individual SES, another
upstream factor, as well as the possible me-
diation of midstream (health behaviors and
psychosocial adversity) and downstream
determinants (adiposity).

RESEARCH DESIGN AND
METHODS

Study population
The Australian Diabetes, Obesity and Life-
style (AusDiab) study baseline methods
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and response rates have been described in
detail elsewhere (13). In brief, it is a na-
tional, population-based survey of 11,247
adults aged =25 years in 1999 to 2000. A
stratified cluster sample was drawn from
42 randomly selected census collector dis-
trict clusters across Australia. Information
was collected using a brief household in-
terview, followed by a biomedical exami-
nation. Of the eligible adults, 70%
completed the household interview, and
55% (n = 11,247) of these completed the
baseline biomedical examination (14). All
participants provided written consent. In
2004 to 2005, all living eligible partici-
pants were invited to attend follow-up.
Those who were considered ineligible in-
cluded those who refused further contact
(n = 128), were deceased (n = 310), had
moved overseas or into a nursing facility clas-
sified for high care, or had a terminal illness
(n = 21). Among those eligible, 6,537 re-
turned for the 5-year follow-up during
which baseline assessment was repeated;
the response rate was 60.6%. Compared
with nonresponders, attendees were signif-
icantly less likely to be hypertensive, to have
a lower level of education attainment, or to
be smokers, and they had lower 2-h plasma
glucose (2hPG), glycated hemoglobin, and
smaller waist circumferences at baseline.

Measurements

Abnormal glucose metabolism. All par-
ticipants, except for those currently re-
ceiving treatment for diabetes or who were
pregnant, underwent a standard 75-g oral
glucose tolerance test (14). Only those peo-
ple with normoglycemia at baseline were
included in these analyses (1,575 with
baseline AGM and an additional 143 with
missing data were excluded). The outcome
category of incident AGM comprised the
pooled categories of IFG, IGT, and diabetes
at 5-year follow-up. Glucose tolerance sta-
tus at baseline and follow-up was based on
plasma glucose results, using the 1999
World Health Organization diabetes classi-
fication (15). Diabetes was classified on the
basis of fasting plasma glucose (FPG) 7.0
mmol/L or 2hPG 11.1 mmol/L or current
treatment with insulin or oral hypoglyce-
mic agents. For those not reporting treat-
ment for diabetes, FPG <7.0 mmol/L and
2hPG 7.8 mmol/L but <11.1 mmol/L in-
dicated IGT, FPG 6.1-6.9 mmol/L and
2hPG <7.8 mmol/L indicated IFG, and
both FPG <6.1 mmol/L and 2hPG <7.8
mmol/L indicated normal glycemia.
Area-level SES. Area SES was measured us-
ing an aggregate measure of individual-
level data called the Index of Relative

Socioeconomic Disadvantage (IRSD). The
IRSD, one component of the Socioeco-
nomic Indexes for Areas (16), character-
izes the general SES of census collection
districts (the smallest geographic area
defined in the Australian Standard
Geographical Classification, comprising
an average of 225 dwellings) in Australia.
It is developed by the Australian Bureau
of Statistics (16) to create a summary mea-
sure from a group of 20 variables (related
to education, income, employment, fam-
ily composition, housing benefits, car
ownership, ethnicity, English language
proficiency, and residential overcrowd-
ing) that display dimensions of social
disadvantage. Principal components
analysis determined the importance of
each of the 20 characteristics depending
on their interrelationships, and these re-
lationships are used to create a weight for
each characteristic (see Supplementary
Tables 1 and 2 for further details about
Socioeconomic Indexes for Areas, as well
as full list of IRSD variables included in
the index and their individual weighting).
The IRSD has been shown to have excel-
lent construct validity, tested against other
large health and economic datasets and
through stringent examination by an ex-
ternal expert panel (more information
about the IRSD construction and valida-
tion process can be found elsewhere [17]).
For these analyses, the IRSD scores were
based on the 2001 census, and the data
were divided into quartiles.

Individual-level variables. At baseline
and follow-up, the physical examination
included blood samples, anthropometric
measurements, and questionnaires. De-
tails on the glucose and lipid assays used
between studies can be found in detail
elsewhere (13). Height, weight, and waist
were measured as described previously
(14). BMI was calculated as weight (kg) di-
vided by the square of the height (m?).
Blood pressure was measured using
Dinamap or a standard mercury sphyg-
momanometer with appropriate adjust-
ments made as previously described (13).
Individual-level SES data (education and
total household income) were collected by
an interviewer-administered questionnaire,
as was information on health behaviors.
Education was classified into four catego-
ries, based on the highest educational
qualifications received: 1) secondary
school education; 2) trade/technical cer-
tificates; 3) associate degree, undergrad-
uate diplomas, and nursing/teaching
qualifications; and 4) bachelor’s degree
and postgraduate qualifications. Total

household income per week was assessed
by a question asking the participant to
choose the closest income band for their
total household income before tax. The
responses were categorized into tertiles.

Total leisure-time physical activity
was measured using the Active Australia
questionnaire (18). Sedentary behavior
was measured using self-reported televi-
sion viewing as used previously (19); this
determined the total time spent watching
television or videos in the preceding
week. Smoking history (current smoker,
past smoker, or never smoked) was col-
lected using a previously validated instru-
ment (20). Diet was measured using the
self-administered Anti-Cancer Council of
Victoria food frequency questionnaire
(21), and an overall index of diet quality
was created using a scale of 1-100 (with
100 indicating high diet quality) (22). Al-
cohol data were also obtained from the
Anti-Cancer Council of Victoria food fre-
quency questionnaire, as a continuous
measure expressed in grams of ethanol
per day. Perceived stress was measured
at baseline using the Perceived Stress
Questionnaire (23). The total score
ranged from O to 1; these scores were
then categorized into quartiles.

Statistical analysis

Baseline demographic, socioeconomic,
behavioral, and biochemical characteris-
tics across the four categories of area SES
were analyzed using complex survey meth-
ods to allow for the clustered design in
the survey. Differences in proportions pre-
sented in Table 1 were analyzed with Pear-
son x* tests, whereas differences in means
were tested using analyses of variance.

To allow for the fact that individuals
living within clusters were more likely to
be similar to each other compared with
others from different clusters and to
accommodate the collinearity between
the clusters and area disadvantage, gen-
eralized linear mixed models (using the
binomial distribution with the logit link
function) were employed to examine the
relationship between area disadvantage
and AGM. Because area SES is defined at
the collection district level, all members
of a cluster had the same area SES level;
therefore, collection district was included
as the random effects term to correct for
the design effects. Collinearity between
fixed-effects variables was assessed using
bivariate correlations; none were ob-
served. The fixed effects for Model 1 were
age, sex, and area SES (the area with the
lowest area disadvantage was used as the
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Table 1—Baseline characteristics (means and percentages) of the sample according to area SES categories

IRSD categories

1, least disadvantaged 2 3 4, most disadvantaged
(n=1,155) (n=1,129) (n=1,115) n=1,173) P value
Age (years) 49.9 (0.37) 49.1 (0.37) 49.8 (0.38) 49.6 (0.37) 0.45
Men (%) 43 (40-46) 44 (41-47) 43 (40-46) 45 (42-48) 0.65
Education (%)

Secondary school 24 (22-27) 31 (28-33) 39 (36-42) 47 (44-50)

Trade/technician certificate 24 (22-27) 29 26-32) 32 (29-34) 32 (29-34)

Diploma/nursing/teaching 17 (15-20) 17 (15-19) 13 (11-15) 10 (9-12)

Bachelor’s degree/postgraduate 34 (31-37) 23 (21-26)* 17 (15-19)* 11 (9-13)* <0.001
Weekly household income (%)

<$800 32 (29-34) 40 (37-43) 54 (51-57) 66 (63-69)

>$800 68 (66-71) 60 (57-63)* 46 (43-49)* 34 31-37)* <0.001
Smoking (%)

Never smoked 66 (63-69) 60 (57-63) 62 (59-65) 55 (52-58)

Ex-smoker 27 (24-30) 29 27-32) 28 (25-30) 27 (24-30)

Current smoker 7 (6-9) 11 (9-12)* 11 (9-13)* 18 (15-20)* <0.001
Exercise (%)

No activity 11 (9-13) 14 (12-16) 17 (15-19) 18 (16-20)

Insufficient 28 26-31) 31 (28-34) 32 (29-35) 30 (27-33)

Active 61 (58-64) 55 (53-58)* 51 (48-54)* 52 (49-55)* <0.001
Diet quality (using Diet Quality Index) 69.2 (0.37) 67.3 (0.37)* 65.7 (0.38)* 64.1 (0.38)* <0.001
Alcohol intake (g/day) 14.2 (0.49) 13.7 (0.49) 11.2 (0.51)* 9.7 (0.50)* <0.001
BMI (kg/m?) 25.6 (0.13) 25.9 (0.13)* 26.6 (0.13)* 26.6 (0.13)* <0.001
Waist circumference (cm) 85.1 (0.42) 87.8 (0.41) 89.1 (0.43)* 89.5 (0.42)* <0.001
Systolic blood pressure (mmHg) 126 (0.50) 125 (0.49) 128 (0.51)* 126 (0.50) 0.021
Diastolic blood pressure (mmHg) 70 (0.34) 69 (0.33)* 69 (0.34)* 69 (0.34)* 0.006
Total cholesterol (mmol/L) 5.6 (0.03) 5.6 (0.03) 5.6 (0.03) 5.6 (0.03) 0.24
HDL cholesterol (mmol/L) 2.4(0.44) 1.5(0.44) 1.4 (0.45) 1.4 (0.45) <0.001
Triglycerides (mmol/L) 1.3 (0.03) 1.4 (0.03)* 1.4 (0.03)* 1.5 (0.03)* 0.004
Fasting plasma glucose (mmol/L) 5.2 (0.01) 5.3 (0.01) 5.3 (0.01)* 5.3(0.01) 0.005
Postload plasma glucose (mmol/L) 5.3 (0.03) 5.4 (0.03) 5.5 (0.03)* 5.6 (0.03)* <0.001
Family history of diabetes (%) 34 (31-36) 32 (29-35) 28 26-31) 24 (22-27)* <0.001

Data are presented as means (SE) and percentages (95% Cls). Complex survey methods accounted for the clustered design in the survey. P values indicate effect of
IRSD group using analyses of variance and x~ tests as appropriate. Alcohol intake was measured in grams of ethanol per day. *Group differences, P < 0.05 (least

disadvantaged IRSD group as the reference category).

reference category). Interaction terms
were included to detect any interactions
among age and sex and area SES. No
interaction effects were identified, and
therefore, these terms were omitted from
the analyses. Age- and sex-stratified an-
alyses were performed, and similar rela-
tionships were observed across sex and age
categories (results not shown). Model 2
included the other upstream variables,
individual markers of SES, education,
and household income as potential con-
founding variables, with Model 3 incor-
porating the midstream health behaviors of
physical activity, sedentary behavior, and
smoking as possible mediators. Missing
data for diet quality (n = 145) and alcohol
consumption (n = 289) meant these varia-
bles could not be included in main models;
however, sensitivity analyses tested their
inclusion, and the same results for Model 3

were observed. Models 4 and 5 assessed the
roles of stress (perceived stress) and central
adiposity (waist circumference), respec-
tively, as possible mid- and downstream
mediators of the relationship between area
SES and AGM (respectively). The final fully
adjusted model (Model 6) included all pre-
vious covariates, as well as the baseline met-
abolic syndrome components of systolic
blood pressure (SBP; defined according to
10-mmHg intervals), triglycerides, and
HDL cholesterol. Potential mediation by
mid- and downstream variables was in-
ferred by attenuation of the odds ratio (OR)
for area SES on AGM in relevant models. To
test for trend, the models were reanalyzed,
with area SES (IRSD) included as a contin-
uous variable in separate generalized linear
mixed models. Analyses were performed
using SPSS version 19 (IBM), with a signif-
icance level of P < 0.05.

RESULTS

Baseline characteristics

Table 1 presents the unadjusted baseline
characteristics of the sample, divided ac-
cording to the four categories of area socio-
economic disadvantage. People living in the
more disadvantaged areas reported having
lower educational achievement and receiv-
ing significantly lower weekly incomes
compared with the people in the least dis-
advantaged area. In general, there were sig-
nificant behavioral and biological differences
between the areas, with people living in the
more socially disadvantaged areas more
likely to report smoking, physical inactivity,
and lower quality of diet, as well as having
unhealthier cardiovascular disease risk pro-
files (according to anthropometric, lipid, and
glucose levels) at baseline compared with
people in the area with the least disadvantage.
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Area SES as a predictor of AGM

A total of 478 participants had developed
AGM after 5 years (143 with IFG, 277
with IGT, and 58 with type 2 diabetes). As
shown in Table 2, area SES was a signifi-
cant predictor of AGM at follow-up in this
sample, after controlling for age and sex
(P=0.002). This was a graded relationship
with people living in the areas with greater
social disadvantage being more likely to
develop an impairment of glucose metab-
olism compared with those living in areas
with lesser disadvantage. The test for trend
showed that SES, as a continuous variable,
was significantly related to AGM (P =
0.006). Adjustment for individual SES did
not substantially attenuate the associations
between area SES and AGM (Model 2),
with area-level disadvantage remaining a
significant predictor of incident AGM
(OR 1.53; 95% CI 1.07-2.18). With
the inclusion of physical activity, sedentary
behavior, and smoking in Model 3, physical
inactivity was associated with increased
AGM (P = 0.004). This adjustment for
health behaviors mildly attenuated the es-
timates of the relationship between area
SES and AGM (1.46; 1.02-2.08). Adjust-
ment for perceived stress in Model 4 did
not affect the association between area
SES and AGM (1.52; 1.05-2.20)

The inclusion of waist circumference
in Model 5 attenuated the associations,
such that elevated risk of AGM in indi-
viduals living in the most disadvantaged,
compared with the least disadvantaged,

areas were no longer statistically signifi-
cant, although there remained a trend
toward increased risk of AGM in the most
deprived area (OR 1.27, 95% CI 0.90-
1.79). Waist circumference was a significant
predictor of AGM (1.05, 1.04-1.06). Model
6 made adjustments for the potential
confounders of education and income, the
possible mediators of physical activity,
sedentary behavior, smoking, stress, and
waist circumference, as well as the meta-
bolic syndrome components of SBP, triglyc-
erides, and HDL cholesterol. In this
model, only age (1.02; 1.01-1.03), waist
circumference (1.03; 1.02-1.04), SBP
(1.13; 1.05-1.21), and triglycerides (1.28;
1.16-1.42) were shown to predict incident
AGM. Area-level SES was no longer signif-
icantly associated with an increased risk of
developing glucose metabolism dysfunc-
tion (1.28; 0.88-1.87).

CONCLUSIONS—Using population-
based data, we have shown that people
living in areas with greater socioeconomic
disadvantage were significantly more
likely to develop AGM compared with
those in areas with less disadvantage.
This relationship persisted despite the in-
clusion of measures of individual SES.
This finding indicates that area-level fac-
tors are relevant to the development of
diabetes, beyond their relationship with
individual socioeconomic characteristics.
Although one’s choice of residential neigh-
borhood is clearly patterned by individual

factors, such as income and ethnicity, it has
been demonstrated that measurement of
individual SES does not capture a person’s
complete socioeconomic experience (11).
Understanding the different levels of factors
that influence the progression of diabetes
is essential if we are to successfully reduce
the escalating rates. Most importantly, the
findings from this study identify people’s
environmental circumstances as an impor-
tant focus for interventions to prevent
diabetes and its progression, in addition to
the current focus on interventions directed
primarily at individual level factors.

To our knowledge, this is the first
study to use objective markers of glucose
tolerance to explore the relationship
between area-level socioeconomic char-
acteristics and the development of AGM.
Previous studies have included select
populations with self-report diabetes
outcomes (7-9). There is some evidence
that undiagnosed diabetes is associated
with lower SES (10), a finding supported
by unpublished AusDiab data. There-
fore, the investigation of socioeconomic
predictors of diabetes using self-report
doctor-diagnosed diabetes may bias the
association between area SES and inci-
dent diabetes to the null.

This is also the first study, of which
we are aware, to investigate the role of mid-
and downstream mediators of the asso-
ciation between area SES and AGM. The
inclusion of the health behaviors, in par-
ticular physical activity, in these analyses

Table 2—Risk of incident abnormal glucose metabolism, according to level of socioeconomic disadvantage

Risk of incident AGM

IRSD 4

(least disadvantage) IRSD 3

IRSD 1

IRSD 2 (most disadvantage)

Model 1: Adjusted for age and sex

Model 2: Adjusted for age, sex,
education, and income

Model 3: Adjusted for age, sex, education,
income, physical activity, sedentary behavior,
and smoking

Model 4: Adjusted for age, sex,
education, income, and stress

Model 5: Adjusted for age, sex, education,
income, and waist circumference

Model 6: Adjusted for age, sex, education,
income, physical activity, sedentary behavior,
smoking, stress, waist circumference, and
metabolic syndrome components (SBP,
HDL cholesterol, triglycerides)

1.0 1.16 (0.81-1.65)
1.0 1.13 (0.79-1.62)
1.0 1.12 (0.78-1.60)
1.0 1.20 (0.83-1.74)
1.0 1.01 (0.71-1.44)
1.0 1.09 (0.75-1.60)

1.55(1.10-2.18) 1.61 (1.15-2.27)

1.50 (1.06-2.13) 1.53 (1.07-2.18)

1.44 (1.02-2.05) 1.46 (1.02-2.08)

1.57 (1.09-2.25) 1.52 (1.05-2.20)

1.24 (0.88-1.74) 1.27 (0.90-1.79)

1.33 (0.92-1.94) 1.28 (0.88-1.87)

Data presented as OR and 95% Cls. Lowest area disadvantage was used as the reference group. Only includes people with complete data (n =4,572; 143 were excluded

due to missing data).
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caused partial attenuation of the impact
of area disadvantage on AGM (missing data
for diet quality meant that this behavior
was not included in the analyses; however,
separate analyses indicate that its inclusion
would not have affected the relationships
observed), suggesting that aspects of the
environment patterned by area SES may
influence health behavior patterns and thus
impact the risk of diabetes. This partial
mediation of health behaviors on the re-
lationship between area SES and diabetes
has been observed previously (7). The
Multi-Ethnic Study of Atherosclerosis has
found that neighborhoods characterized by
greater physical activity resources and
availability of healthy food had a 38% lower
incidence of diabetes (24). Other work has
observed a socioeconomic gradient in the
density of fast food options (25) and food-
purchasing behavior, with people living in
low SES areas in Australia significantly less
likely to buy healthy food options (26).
These findings were independent of in-
dividual socioeconomic variables. Al-
though other evidence supporting such
findings is equivocal (27,28), these re-
sults suggest there may be area-level
differences in the availability and accessi-
bility of these resources and that the dif-
ferences are not solely due to individual
level factors such as choice and afford-
ability.

The inclusion of perceived stress in
our analyses as a potential midstream-
mediating variable did not influence the
relationship between area SES and AGM.
Previous research has not explicitly ex-
amined this relationship, although greater
levels of psychosocial adversity, such as
stress and depression, have been reported
in areas of low SES (29,30). It is possible
that the single time-point assessment in
this study may not have been sensitive
enough to measure the cumulative impact
of long-term exposure to psychosocial
disadvantage (31). Other psychosocial
factors, such as the safety of an area, are
also crucial to encourage people to partic-
ipate in exercise, and people living in
areas with lower SES are more likely to
report feeling unsafe (32). Furthermore,
other perceptions of one’s environment,
such as perceived access to attractive pub-
lic areas, may affect residents’ physical ac-
tivity behavior (33).

We have shown that the downstream
variable of adiposity, determined in these
analyses by the central adiposity measure
of waist circumference, explained a large
proportion of the relationship between
area SES and AGM. This supports findings

from the U.S. Black Women’s Health Study,
which found that the association between
neighborhood SES and incidence of self-
reported diabetes was attenuated by the in-
clusion of BMI in the model and therefore
likely to be a key mechanism in the pathway
linking SES and diabetes (7).

For these analyses, we used the cate-
gory of AGM as the incident outcome
measure instead of diabetes alone. For
this, the categories of IFG, IGT, and di-
abetes were combined, because they share
the common pathophysiological mecha-
nisms of insulin resistance and (-cell dys-
function (34,35). Given the short follow-up
period of 5 years, we chose to use a binary
classification system indicating a wide
spread of hyperglycemia and disordered
carbohydrate metabolism.

The national, population-based na-
ture of this sample and the quality of the
glucose tolerance data are significant
strengths of our study, and therefore,
the results may be generalizable to other
populations of similar ethnicity and so-
cioeconomic range. However, there are
also some limitations to be considered.
This study was not able to assess whether
these results are generalizable across all
ethnic groups; the AusDiab sample in-
cluded limited ethnic group variation
(97% spoke English as a first language,
and only 0.7% were of Aboriginal or
Torres Strait Island origin). The inclusion
of language and ethnicity in the analyses
did not influence the results presented
(data not shown). Differences observed
between responders and nonresponders
mean that the sample may be subject to
selection bias, the effects of which cannot
be fully ascertained. However, lower SES
recorded in nonresponders (according to
education levels) could indicate that our
results have underestimated the strength
of the relationship between SES and
AGM. The single time-point assessment
of area disadvantage also limits the mea-
surement of social mobility across time.
The origins of socioeconomic and behav-
ioral risk factors track back to the early
years of life, even in utero (36). Although
education was the earliest indicator of SES
available, we did adjust for birth weight
as a marker of possible early life exposure
(results not shown). This did not affect
the predictive impact of area SES on in-
cident AGM, and therefore, the socio-
environmental factors that influence early
development and promote disease later
in life did not appear to moderate the re-
lationships observed. The self-reported
behavioral data in this study means that

Williams and Associates

the contributions of these variables may
not be accurate, and this may partly explain
why the inclusion of behavioral variables
had a small effect on the socioeconomic
gradient in AGM. It is possible that the ad-
justment for individual SES in the analyses
may introduce methodological issues since
the measurement of area SES comprised an
aggregation of the socioeconomic charac-
teristics of its residents (11). This is, how-
ever, an accepted method of determining
the effects attributable to the individual-
and area-level contexts (7,24,26). Although
we adjusted for education and income, it is
possible that residual confounding re-
mained, and we were not able to take into
account the full estimate of these individual
effects. Conversely, as described by King
et al. (37), adjustment for the individual
characteristics may represent an over-
adjustment, because these variables may act
as mediators in the relationship between
area SES and AGM. More work should
focus on the extent to which individual
characteristics moderate or mediate the
relationship between area-level disad-
vantage and health (38). We acknowledge
that the inclusion of upstream and down-
stream factors in our final model makes the
parameter estimates difficult to interpret.

Our findings confirm the socioeco-
nomic gradient in the development of
AGM and extend our understanding of
the influence of area-level socioeconomic
characteristics. The results indicate that
mid- and downstream variables of health
behaviors and central adiposity partially
mediate this relationship. As discussed by
Turrell (39), to reduce socioeconomic
disparities in society, policies are needed
that focus on upstream determinants.
However, interventions at each level of
the disease process are likely to have the
greatest impact (39). Therefore, designing
community-level programs that target these
individual risk factors may help address the
socioeconomic gradient in chronic disease
risk. Furthermore, our findings also have
significant policy implications for neighbor-
hood and area planning (40) and the allo-
cation of resources to lower socioeconomic
areas for the prevention of diabetes.
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