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OBJECTIVE — To determine the population-based prevalence of diabetes and other categories of glucose intolerance (impaired glucose tolerance [IGT] and impaired fasting glucose [IFG])
in Australia and to compare the prevalence with previous Australian data.
RESEARCH DESIGN AND METHODS — A national sample involving 11,247 participants aged ⱖ25 years living in 42 randomly selected areas from the six states and the Northern
Territory were examined in a cross-sectional survey using the 75-g oral glucose tolerance test to
assess fasting and 2-h plasma glucose concentrations. The World Health Organization diagnostic
criteria were used to determine the prevalence of abnormal glucose tolerance.
RESULTS — The prevalence of diabetes in Australia was 8.0% in men and 6.8% in women,
and an additional 17.4% of men and 15.4% of women had IGT or IFG. Even in the youngest age
group (25–34 years), 5.7% of subjects had abnormal glucose tolerance. The overall diabetes
prevalence in Australia was 7.4%, and an additional 16.4% had IGT or IFG. Diabetes prevalence
has more than doubled since 1981, and this is only partially explained by changes in age profile
and obesity.
CONCLUSIONS — Australia has a rapidly rising prevalence of diabetes and other categories
of abnormal glucose tolerance. The prevalence of abnormal glucose tolerance in Australia is one
of the highest yet reported from a developed nation with a predominantly Europid background.
Diabetes Care 25:829 – 834, 2002

T

he prevalence of type 2 diabetes varies widely between populations, refl e c t i n g d i f f e r e n c e s i n b o t h
environmental influences and genetic
susceptibility (1). The aging of popula-

tions and the effects of modernization of
lifestyle have led to a dramatic increase in
the prevalence of diabetes globally with
very high rates in developing nations, particularly in Asia and the Pacific (1). Cur-
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rently, it is estimated that 150 million
people in the world have diabetes (2).
This number is expected to increase to
300 million by the year 2025; most of
these cases will be type 2 diabetes (2).
The heightened susceptibility and
high prevalence of type 2 diabetes of Micronesian and Polynesian Pacific Islanders (3), Native Americans (4), Indigenous
Australians and Torres Strait Islanders
(5), and Asian Indians (6) has been well
documented. Despite the large body of
epidemiological data now available on the
high prevalence of diabetes in developing
countries, a paucity of data exists on the
prevalence of diabetes in developed nations. In fact, despite increasing awareness of the growing problem of diabetes
and the recent publication of a number of
predictions of current and future prevalences of diabetes worldwide, the U.S. is
the only country in the developed world
with reliable data on national prevalence
(7).
In Australia, there are only two previous population-based studies of diabetes
prevalence based on the oral glucose tolerance test (OGTT). In 1981, a study from
the rural Western Australia town of Busselton (8) showed a prevalence of 3.4%
(2.5% known cases and 0.9% newly diagnosed) in subjects aged ⱖ25 years. The
prevalence of impaired glucose tolerance
(IGT) was 2.9%. In 1992, a study from
rural Victoria reported a diabetes prevalence of 3.4% (1.6% known and 1.8%
newly diagnosed) among Europid adults
ⱖ15 years (9). The IGT prevalence was
6.0%. Based on national data on selfreported diabetes only in 1989 and 1990,
the prevalence of previously diagnosed
diabetes was 1.9% in men and 2.0% in
women (10).
The Australian Diabetes, Obesity and
Lifestyle Study (AusDiab) (11) is the first
national study of the prevalence and impact of diabetes in Australia. The results of
this study are compared with those of the
1981 study from Busselton (8) to determine to what extent changes in preva829
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Table 1—Prevalence of KDM and NDM, according to age and sex for the Australian population
Age (years)
35–44

45–54

55–64

65–74

75⫹

ⱖ25

40–74

0.0
0.1

1.2
1.5

2.7
3.9

8.9
7.8

12.8
7.9

13.9
9.6

4.3
3.7

5.8
5.1

0.3
0.1

0.9
1.3

3.8
2.0

4.0
5.5

6.6
9.0

8.8
13.9

3.1
3.7

3.8
4.0

0.2
0.1
0.3

1.0
1.4
2.4

3.3
2.9
6.2

6.5
6.6
13.1

9.4
8.5
17.9

10.9
12.1
23.0

3.7
3.7
7.4

4.8
4.6
9.4

Data are %.

lence of diabetes can be explained by
changes in obesity.
RESEARCH DESIGN AND
METHODS
Survey design
A detailed description of the methodology
has been published elsewhere (11). A representative sample of the national population was drawn from 42 randomly
selected urban and nonurban areas (Census Collector Districts [CDs]) across Australia (six CDs in each of the six states and
the Northern Territory). CDs containing
⬍100 individuals aged ⱖ25 years, CDs
classified as 100% rural, or CDs with a
population comprising ⬎10% Aboriginal
or Torres Strait Islanders were excluded.
Within each CD, all homes were approached, and adults aged ⱖ25 years who
were usual residents were invited to attend the survey. The survey work took
place from May 1999 to December 2000
and consisted of a short household interview followed by a biomedical examination (including blood sampling) at a study
examination site within or close to the selected residential areas.
Households not responding to the
initial doorstep approach were recontacted up to four more times. Of those
homes in which a response was obtained
and at least one eligible adult was residing, 70% took part in the household questionnaire. The final survey sample (those
attending the biomedical examination)
included 11,247 adults, representing
55.3% of those completing the household
interview.
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Survey procedures
Between 7:00 and 10:00 A.M. each day,
⬃40 individuals were invited to attend
the survey site. Participants were asked to
fast overnight and not to take hypoglycemic medication on the day of the test. If
their reported fasting time was less than
8 h, they were asked to return on another
day. After registration, an OGTT was performed on all participants, except those
on insulin or oral hypoglycemic drugs or
those who were pregnant. The OGTT was
performed according to World Health
Organization (WHO) specifications (12).
All subjects were given a 300-ml beverage
containing 75 g glucose and were asked to
consume it in ⬍5 min. Blood specimens
were collected into fluoride/oxalate tubes
immediately before and 2 h after the glucose
load. The specimens were centrifuged,
plasma was separated immediately, and
plasma glucose levels were determined using an Olympus AU600 automated analyzer, which uses a glucose oxidase method.
Height and weight were measured with the
subjects wearing light clothing and no
shoes, and BMI was calculated as weight
(kg)/height (m2).
Glucose tolerance was classified according to the WHO criteria (12). Participants who reported a history of
physician-diagnosed diabetes and who
were 1) taking oral hypoglycemic tablets
or insulin injections or 2) had a fasting
plasma glucose (FPG) level ⱖ7.0 mmol/l
or 2-h plasma glucose (2hPG) level
ⱖ11.1 mmol/l were classified as having
known diabetes mellitus (KDM). Subjects
not reporting diabetes and who had FPG
ⱖ7.0 mmol/l or 2hPG ⱖ11.1 mmol/l
were classified as having newly diagnosed

Statistical analysis
To adjust for nonresponse, the data have
been weighted to match the age and gender distribution of the 1998 estimated
residential population of Australia aged
ⱖ25 years (13). The weighting factor was
based on the probability of selection in
each cluster. Therefore, all prevalences
provided relate to the total 1998 Australian population aged ⱖ25 years (13). To
account for the clustering and stratification of the survey design, prevalences and
95% CIs were calculated using Stata Statistical Software Release 6.0 (StataCorp,
College Station, TX), which adjusts the
95% CIs to account for these aspects of
survey design. Unweighted data were calculated using SPSS Version 10.0.5 for
Windows (SPSS, Chicago, IL).
The weighting was not used for comparisons with the Busselton data in the
section on secular changes, but both populations were adjusted (age and sex) to
the 1998 Australian population by the direct method.
Logistic regression was used to determine to what extent differences in age,
sex, and BMI could account for differences in diabetes prevalence between
Busselton and AusDiab.
RESULTS — There were 11,247 respondents to the biomedical examination. The following significant differences
were found between responders and nonresponders. Compared with nonresponders, responders were less likely to
DIABETES CARE, VOLUME 25, NUMBER 5, MAY 2002
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Men
KDM
NDM
Women
KDM
NDM
All subjects
KDM
NDM
All diabetes

25–34

diabetes mellitus (NDM). For those without KDM, FPG ⬍7.0 mmol/l and 2hPG
ⱖ7.8 mmol/l but ⬍11.1 mmol/l indicated IGT; impaired fasting glucose (IFG)
was defined as FPG ⱖ6.1 mmol/l and
⬍7.0 mmol/l, with 2hPG ⬍7.8 mmol/l;
and normal glucose tolerance was defined
as FPG ⬍6.1 mmol/l and 2hPG ⬍7.8
mmol/l.
The details of the 1981 Busselton survey have been published previously (8).
The Busselton study included 2hPG collected with no FPG. For all comparisons
with the Busselton data, only the 2hPG
was used for each data set, and subjects on
any dietary treatment for diabetes were
also classified as having KDM, irrespective of their 2hPG. BMI was calculated as
for AusDiab, and such data were available
on 2,900 of the 3,196 (90.7%) Busselton
survey participants and 11,067 of the
11,247 (98.4%) AusDiab participants.
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Table 2—Prevalence of IGT and IFG according to age and sex for the Australian population
Age (years)

Men
IGT
IFG
Women
IGT
IFG
All subjects
IGT
IFG

25–34

35–44

45–54

55–64

65–74

75⫹

ⱖ25

40–74

2.1
3.4

4.7
8.4

9.0
9.3

14.8
12.8

20.4
11.5

24.8
4.6

9.2
8.1

12.0
10.7

4.9
0.5

8.9
2.1

11.0
5.1

15.7
4.5

21.9
4.3

22.1
8.4

11.9
3.4

14.0
4.2

3.4
2.0

6.5
5.2

10.0
7.2

15.2
8.7

21.2
7.6

23.2
6.8

10.6
5.8

13.0
7.4

be men (44.9% [95% CI 44.0 – 45.8] vs.
51.3% [50.2–52.1]) and were slightly
older (mean age 51.5 years [50.7–52.3]
vs. 47.7 years [46.6 – 48.8]). Responders
were more likely to be married (71.5%
[68.8 –74.2] vs. 67.0% [64.4 – 69.5]), English-speaking (96.0% [94.6 –97.4] vs.
93.6% [91.2–96.3]), and born in the U.K.
(11.3% [9.7–12.8] vs. 8.2% [7.2–10.2])
(11). Also, the percentage of those who
suspected they had diabetes was higher in
responders than nonresponders to the
biomedical examination (1.5% [1.3–1.7]
vs. 0.5% [0.4 – 0.7]). However, given the
low prevalence of those who suspected
they had diabetes, this observed difference would be expected to have only a
negligible effect on total diabetes prevalence estimates (11).
Diabetes
The total diabetes prevalence (known and
newly diagnosed cases) was 7.4% (5.9 –
8.8) (Table 1). The prevalence was 0.3%
in the youngest age group (25–34 years),
increasing to 23.0% in those aged ⱖ75
years. The prevalence of KDM was 3.7%,
and that of NDM was 3.7%. Therefore,
half of all those identified as having diabetes were undiagnosed, and this varied
little across the age groups.
Impaired glucose metabolism (IFG
and IGT)
Until 75 years of age, the prevalence of
IFG was found to be considerably higher
in men than women. Overall, the prevalence of IFG was 8.1% in men and 3.4% in
women (5.8% in total; Table 2). For IGT,
there was less of a difference between men
and women, but it was more common in
women (11.9 vs. 9.2%) and 10.6% in total.
DIABETES CARE, VOLUME 25, NUMBER 5, MAY 2002

Total glucose intolerance
The prevalence of abnormal glucose tolerance (individuals with IGT, IFG, or diabetes) in men was 25.3%, whereas in
women, the frequency was 22.2%. The
total prevalence of abnormal glucose tolerance was 23.7%. The prevalence of abnormal glucose tolerance was 5.7% in the
youngest age group (25–34 years), increasing to 53.1% in those aged ⱖ75
years.
Table 3 shows prevalence data comparing the American Diabetes Association
(ADA) criteria for epidemiological studies
(14), based on FPG ⱖ7.0 mmol/l, with
the WHO criteria, based on the OGTT
(12). With the fasting criterion alone, the
prevalence of newly diagnosed diabetes
was 1.8%—substantially lower than the
2.9% rate using 2hPG alone or the 3.7%
using the FPG and 2hPG criteria based on
WHO recommendations. Furthermore,
there were differences in the individuals
who were identified by the two tests. Of
all those with NDM, only 28.3% were diabetic on both FPG and 2hPG criteria,
and only 15.6% of all individuals with
IGT or IFG had both conditions.

CONCLUSIONS — AusDiab is the
largest national diabetes prevalence study
in the developed world to have used the
OGTT. This study has revealed that Australia has one of the highest recorded
prevalences of diabetes for a developed

Table 3—Prevalence of categories of glucose tolerance according to FPG and 2hPG diagnostic
criteria for the Australian population
2hPG (mmol/l)
FPG (mmol/l)

⬍7.8

7.8–11.1

ⱖ11.1

Total

⬍6.1
6.1–6.9
ⱖ7.0
Total

76.3
5.7
0.3
82.3

8.0
2.6
0.5
11.1

1.0
0.8
1.0
2.9

85.4
9.1
1.9
96.3*

Data are %. *Total value is 96.3%, because 3.7% of the population had previously diagnosed diabetes.
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Data are %.

Secular trends: 1981 to 1999 –2000
Using the diagnostic criteria of the Busselton survey (8) and after age/sex adjustment of both populations to the 1998
Australian population, the prevalences of
known diabetes among men was 4.8% for
the AusDiab and 2.9% for the Busselton
survey populations. For women, the comparative prevalences were 4.0% and
2.8%. For NDM, the prevalences were
2.7% for the AusDiab and 0.7% for the
Busselton men and 2.9% for the AusDiab
and 0.7% for the Busselton women. Overall, the total prevalence of diabetes had
increased from 3.4 to 7.2% since 1981.
Using the same diagnostic criteria, the
prevalence of diabetes was 7.3% in the
seven rural towns (n ⫽ 2,186) that were
included in AusDiab and 6.1% in the state
of Western Australia (n ⫽ 1,542).
Figure 1 shows the prevalence of diabetes by BMI category for both the Busselton and AusDiab surveys. It shows that
for each category of BMI, there has been
an increase in diabetes prevalence between the two surveys. Logistic regression
(Table 4) shows that when the two data
sets were combined, BMI was a significant
predictor of diabetes status, but survey
(AusDiab versus Busselton) was also an
independent predictor. Participants in
AusDiab were more than twice as likely as
Busselton participants to have diabetes,
even after accounting for the effects of
BMI, age, and sex. This held true when
men and women were analyzed separately and when individuals with previously diagnosed diabetes were excluded
from the analysis.

Diabetes prevalence in Australia

nation. When IFG and IGT are also considered, almost one in four adult Australians has abnormal glucose tolerance. The
prevalence of diabetes is similar to that
reported from the U.S. (7) for nonHispanic whites (7.3% for those aged
ⱖ20 years) but not as high as rates reported for Hispanics (7), Asian Indians
(6,15), American Pima Indians (16), or
Micronesian Nauruans (17). The prevalence in Australia seems to be higher than
in northern Europe. In the Hoorn study of
Dutch people aged 50 –74 years (18), the
prevalence was 8.3%, and among 60year-old Danes, the prevalence was
12.3% in men and 6.8% in women (19).
These figures are both lower than the relevant age-specific data for AusDiab.
The study has also demonstrated a
significant secular increase (more than a
doubling over 20 years) in the prevalence
of diabetes in Australia, which is consis-

tent with increasing trends in selfreported diabetes prevalence reported
previously (10). Given the high prevalence of IGT, it can reasonably be expected that the prevalence of diabetes will
continue to increase in Australia in the
near future. Some caution, however, is required in comparing the current AusDiab
data with the earlier Busselton results.
The primary limitation is the survey sample. Busselton is a rural town in Western
Australia, which even after adjustment for
age, sex, and BMI, may not be entirely
representative of the national picture in
1981. However, a major increase in prevalence is apparent (3.4 vs. 7.2%), and this
approximate doubling of the prevalence
since 1981 was the same whether Busselton was compared with the whole AusDiab sample, with other rural towns, or
with the state of Western Australia.
Marked increases in diabetes prevalence

Table 4—Logistic regression identifying independent predictors of diabetes (KDM and NDM)* in a combined data set of AusDiab (1999 –2000)
and Busselton (1981)
Variable as diabetes predictor
Sex (male versus female)
Age (per year)
Survey (AusDiab versus Busselton)
BMI (per unit increase)
Constant

␤
0.273
0.063
0.851
0.117
⫺8.90

95% CI for ␤
0.14–0.41
0.058–0.069
0.64–1.06
0.10–0.13
⫺9.45 to ⫺8.35

Odds ratio (95% CI)

P value

1.31 (1.15–1.50)
1.07 (1.06–1.07)
2.34 (1.90–2.90)
1.12 (1.10–1.14)

⬍0.001
⬍0.001
⬍0.001
⬍0.001

␤ is the regression coefficient for the exponential. Sex, age, survey site, and BMI were the only variables entered into the regression. NDM was identified by 2hPG
only in both surveys.
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Figure 1—Diabetes prevalence (KDM and NDM) according to survey and BMI. Mean values for
each BMI category are provided for both surveys. Prevalence data on BMI were adjusted for each
population to the 1998 Australian resident population.

over the last three decades have also been
reported in a variety of developed and developing populations (6,7,20,21). Despite the relatively modest response rate
achieved, the current AusDiab results are
in keeping with a recent (1992–1996)
large population-based study from the
Australian state of Victoria (22). In that
study, 5.1% of the population aged ⱖ40
years reported previously diagnosed diabetes. This compares to 5.4% for the same
age group in AusDiab.
Some of the causes for the increasing
diabetes prevalence are obvious. Aging
populations will be expected to have
higher prevalences of age-related diseases, such as type 2 diabetes. Obesity is
strongly linked to diabetes, and has been
observed to have increased in many countries over recent decades, including Australia (23). Indeed, the intimate
relationship between diabetes and obesity
has given rise to the term “diabesity” to
characterize the close association of these
two disorders (24).
Interestingly, this study, by comparing the current data with the earlier Australian data (Busselton 1981) (22), while
confirming the importance of obesity in
the etiology of type 2 diabetes, showed
that neither this nor increasing age fully
explained the difference in diabetes prevalence between the two surveys. One reason for this may have been the obesity
measure used. Only BMI was measured in
1981, whereas it is recognized now that
measures of central obesity, such as waist
circumference or waist-to-hip ratio, show
better correlations with components of
the Metabolic Syndrome (25) and with
mortality than does BMI (26). Another
possible explanation is duration of obesity. Obesity is now being seen at younger
ages than in the past (27,28), and it is
therefore possible that those who were
obese in the AusDiab population had
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the high proportion of people whose diabetes was only diagnosed based on the 2hPG.
Of all those with undiagnosed diabetes,
50.2% had a nondiabetic FPG. This distribution is similar to that seen in a range of
other populations (38– 40) and emphasizes
the need to maintain the OGTT as part of
routine clinical practice as well as epidemiological studies. This is especially important, because it now seems that 2hPG is a
stronger predictor of mortality and cardiovascular disease than FPG (41,42).
AusDiab was designed to obtain national prevalence estimates and did not
attempt to provide a representative picture of diabetes in the Indigenous population. This minority group constitutes
⬃2% of the total Australian population
but only 0.8% of the AusDiab sample
(13). Diabetes is an enormous health
problem in Australian Aborigines and
Torres Strait Islanders; the overall prevalence is estimated to be 10 –30% (43).
Furthermore, the associated macrovascular and microvascular complications result in significant premature mortality
and ill health among the Australian Indigenous population (44). Further research,
including sample surveys using the AusDiab methodology, is planned to address
the significant gap in our knowledge of
the complex mechanisms that underlie
the high prevalence of diabetes and its
complications in Aboriginal and Torres
Strait Islander communities.
In summary, this study shows a high
prevalence of diabetes, IGT, and IFG and
a doubling of the prevalence of diabetes
within two decades. It is one of the first
studies to demonstrate such a dramatic
secular increase in a developed nation.
Because there are few national studies
from developed countries, AusDiab
should ring alarm bells for governments
and public health planners. Diabetes, together with its associated complications
and diseases, is set to be one of the major
contributors to health costs in all nations
during the 21st century.
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been obese for longer than those in the
Busselton survey. Duration of obesity is
known to be important in the risk of diabetes (29).
Although obesity is recognized as an
obvious factor associated with the increasing rates of diabetes (20,21,30), the
role of physical inactivity is likely to be
important and closely inter-related (31).
Although there are no long-term trend
data for physical activity patterns in Australia, there is evidence elsewhere that the
frequency of physical inactivity has
steadily increased in recent decades and
shows very close parallels with the rising
prevalence of obesity (31). In observational epidemiological studies, leisure
time physical activity seems to provide
strong protection against the development of type 2 diabetes. This is clearly
established in both cross-sectional and
prospective studies in women and in
men, where its effect is independent of
obesity (32,33). The link between physical activity and diabetes is further
strengthened by intervention studies.
Three trials have shown that lifestyle intervention among obese subjects with
IGT reduces the rate of progression to diabetes by 40 – 60% over a 3- to 6-year period (34 –36). The impact of increasing
physical activity was clearly additive to
that of dietary changes (34,35) and was
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