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Summary. One thousand, two hundred and eighteen diabetic
subjects living in and around country towns of Western Aus-
tralia were screened for complications of diabetes. This popu-
lation included 134 subjects of Aboriginal descent, who were
compared with the Caucasoids taking part. In the Aboriginal
group there was a greater porportion of Type2 (non-insulin-
dependent) diabetic patients, a relative female preponderance
(69% compared with 51%) and a tendency to present at an ear-
lier age of onset than their Caucasoid counterparts. Diabetic
complications were at least as common in the Aboriginal

group as in the Caucasoid patients. Indeed, retinopathy with-
in 10years of onset of diabetes was more common in the
Aborigines. Peripheral neuropathy was more prevalent in
Aborigines treated by diet alone or oral hypoglycaemic agents
than in Caucasoids. A much greater prevalence of proteinuria
was an additional feature of the Aboriginal subgroup (29%
versus 4%).

Key words: Aborigines, Caucasoids, diabetic retinopathy, pro-
teinuria.

Diabetes is common in the Australian Aboriginal popu-
lation, with reported prevalence rates between 10% and
20% [1-4]. This population consists of full-blood and
part-Aborigines. The Western Australian population in-
cludes 31,000 subjects who acknowledge Aboriginal
descent. In the more urbanized south-western region of
the state, the Aborigines are almost entirely of mixed
Aboriginal and Caucasoid origin. Full-blood Abori-

Table 1. Characteristics of the population studied

gines live in the more isolated regions in the northern
and eastern parts of Western Australia. In 1978 the Li-
ons Save Sight Foundation of Western Australia and
the Diabetes Research Foundation of Western Austra-
lia initiated a community-based survey of known dia-
betic subjects in rural towns of the southwest and cen-
tral Western Australia. Most Aborigines in these areas
are part-Aborigines, with a small number of full-bloods

Number of subjects  Age at onset of
diabetes (years)

Duration of diabetes Age when studied ~ Body mass index
(years) (years) (kg/m?)

Aboriginal Cau- Aboriginal Cau-

Aboriginal Cau- Aboriginal Cau- Aboriginal Cau-

casoid casoid casoid casoid casoid
Male subjects
Group 1 9 101 30+2 22+1 5+2 11+1 34+3 33+1 284+16 248+04
Group 2
Insulin 3 133 58+7 54+1 5+4 9+1 64£5 631 347+63 285+03
Oral hypoglycaemic 20 219 47x3 57+¢1 8x3 7+1 552 64x1 293+1.0 287+03
agents
Diet alone 10 82 46+4 57+1 411 4+1 50+4 61x1 28.8+1.7 28.6+0.7
Female subjects
Group 1 9 78 24+3 20+1 10x3 14+1 34+4 35£2 293x05 239+0.5
Group 2
Insulin 18 142 47+3 55+1 7+1 12+1 53+3 66+1 353x+18 303+£05
Oral hypoglycaemic 55 247 48+2 58+1 6+1 7£05 54%x2 65+2 30.2+0.8 29.6+04
agents
Diet alone 10 82 43+4 55+£1 3+1 4+1 464 59+£1  289x25 28.5+07

Results expressed where appropriate as mean + SEM
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Fig.1. Distribution of age at onset of diabetes in Aboriginal and Cau-
casoid populations studied (group 2). Aboriginal (n =116) [_]; Cauca-
soid (n =905)

being included from the northern towns of Geraldton,
Port Hedland and Kalgoorlie. The initial screening in-
volved 1218 diabetic patients of whom 134 were of
Aboriginal descent. The Aboriginal group has been ex-
amined in detail and compared with the diabetics of
Caucasoid origin attending this survey. In this way we
have attempted to define the clinical picture of diabetes
in urbanized Aborigines and to clarify whether they are
more or less prone to complications of diabetes than
their Caucasoid counterparts.

Subjects and methods

Subjects

The population studied consisted of diabetic patients who volun-
teered to attend the survey (Table 1). It included about 70% of the esti-
mated number of known diabetics in the region. The total population
was divided into two groups. Group 1 was defined by clinical diabetes
with onset before the age of 40 years, requiring permanent insulin
therapy within 2 years of diagnosis. In this way juvenile-onset, insu-
lin-dependent diabetic patients were separated from the rest of the
population (group2). Group 2 was a composite group consisting
mainly of subjects with Type 2 diabetes. This group was sub-classified
according to the type of treatment.

Participants in the survey were asked about their racial origin and
then divided into Caucasoid and Aboriginal groups. The latter in-
cluded all subjects claiming to be of Aboriginal descent. Most were
part Aboriginal/part Caucasoid. Gene-dilution studies suggested that
they were on the average approximately 50% Aboriginal and 50%
Caucasoid (see Results).

Methods

The organization and screening methods have been described previ-
ously [5]. Briefly, the screenings were carried out by a team of ophthal-
mologists, physicians and para-medical personnel in collaboration
with local medical authorities. Attempts were made to inform all
known diabetic patients in the district. Ophthalmic examination in-
cluded direct and indirect ophthalmoscopy, colour fundal photogra-
phy but not fluorescein angiography. Retinopathy was divided into
simple background, obstructive and proliferative. Obstructive reti-
nopathy was characterized by blot haemorrhages, cotton wool spots
and/or obliterated vessels.

A questionnaire providing information about the time of onset of
diabetes, treatment regimen, frequency of hypoglycaemic episodes or
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ketoacidosis and the presence of complications of diabetes was com-
pleted by the patient and checked with a physician. It contained a se-
ries of questions from the London School of Hygiene questionnaire
[6] used to define chest pain. Cardiovascular disease was said to be
present if the subject had definite angina, or there was a past history
of myocardial infarction. Claudication and stroke were also assessed
by questionnaire and confirmed by the physician. People with macro-
vascular disease included subjects with one or more of the following
disorders: cardiovascular disease, stroke and peripheral disease. Lim-
ited examination by the physician included blood pressure in the su-
pine and erect positions, peripheral sensation, deep tendon reflexes
and peripheral arterial pulses. Hypertension was defined by systolic
blood pressure >160 and/or a diastolic >100 mmHg, or treatment
for hypertension at the time of the survey. Sensory neuropathy was
defined as a symmetrical loss of sensation in the feet on clinical ex-
amination. Urine was tested for protein with Albustix (Ames, New
York, USA) and a result >1g/1 was considered significant protein-
uria. Non-fasting blood and serum samples were taken for analysis
for blood glucose, haemoglobin A; (HbA,), serum creatinine, total se-
rum cholesterol and the high density lipoprotein cholesterol fraction.
Blood glucose and serum creatinine were determined by an automat-
ed glucose oxidase technique using an autoanalyser (Technicon
SMAC II, Tarrytown, New York, USA). A microcolum [7] was used
for HbA, estimations. Total serum cholesterol was determined enzy-
matically and HDL cholesterol separately [8]. Height and weight were
recorded and the body mass index calculated.

Statistical analysis

Multiple linear and logistic regression analyses were used to test
whether there was significant racial difference between the two popu-
lations, after possible confounding variables had been taken into ac-
count. In addition the model reduction procedure was performed, be-
ginning with the largest possible model and reducing until reductions
were statistically significant [9].

Results

Characteristics of the Aboriginal group

The Aboriginal group included all subjects of Aborigi-
nal descent, most of whom were part-Aborigines
(Table 1). Gene-dilutional studies with red-blood-cell
acid phosphatase (full-blood Aborigines assumed to be
100% Type B) and properdin (full-blood Aborigines as-
sumed to lack Type F) suggested a gene replacement
rate of 50% and 69%, respectively. Thus this population
is approximately 50% Aboriginal and 50% Caucasoid
when assessed by these genetic markers.

When the Aborigines and Caucasoids were com-
pared, more females were present in the Aboriginal
group. Sixty-nine percent of the Aborigines were female
compared with 51% of the Caucasoid group. This sex
difference was due to a greater proportion of female
Aborigines with Type 2 diabetes.

Presentation and diagnosis of Type 2 diabetes often
occurs at an earlier age in Aborigines than in Cauca-
soids. For instance, the mode of the distribution of age
at onset of diabetes in group 2 subjects occurred a de-
cade earlier in the Aborigines. As the statistical distribu-
tion of age of onset was similar in both groups there was
no suggestion that the younger presentation of Abori-
gines was due to a subgroup within the Aboriginal pop-
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Table2. Laboratory investigations and complications of diabetes
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Biochemical results

Plasma glucose

(mmol/1)

HbA, (%)

Plasma cholesterol

HDL cholesterol

(mmol/1)

(mmol/1)

Percentage with
plasma creatinine
>120 mmol/1

Aboriginal Caucasoid

Aboriginal Caucasoid

Aboriginal Caucasoid

Aboriginal Caucasoid

Aboriginal Caucasoid

Male subjects

Group 1 77+x11 13.0x07 112+07 123x02 6.1+04 55£02 1.0 +0.05 143+£005 — 7+3
Group2
Insulin 9.6+1.8 115+05 103+06 113+02 58+02 6101 123+029 1.20£0.04 — 14£3
Oral hypoglyc-  10.0+1.1 92+02 11.7+06 103x0.1 56+03 59£01 1.01£0.03 1.09+0.02 16+ 8 16+3
aemic agents
Diet alone 98+12 80+04 13.1£11 94+02 63%+14 359+02 093+020 1.21£0.04 — 1214
Female subjects
Group 1 134+25 143x+08 13.0+06 124+03 59+04 58+02 1.14x0.11 1.55+0.06 3316 6+3
Group 2
Insulin 145+12 123+04 133406 11.0+£02 69+£08 65+01 1.33£0.10 1.33+0.05 11+ 7 10+3
Oral hypoglyc- 10206 99+03 119+03 10902 6.0x£02 65+01 1.15+0.04 1.31£0.03 4+ 3 6+2
aemic agents
Diet alone 103+23 79+04 112+09 94+02 57+04 66101 1.34+0.14 1422007 0 1+1
Prevalence of complications
Retinopathy Neuropathy Proteinuria Macrovascular Hypertension
(%) (%) (%) disease (%) (%)
Aboriginal Caucasoid Aboriginal Caucasoid Aboriginal Caucasoid Aboriginal Caucasoid Aboriginal Caucasoid
Male subjects
Group 1 11£10 325 11£10 9+3 33£16 4+2 11+10 154 11+£10 17+4
Group 2
Insulin 0 30+4 0 23+4 52 100 53+4 67127 494
Oral hypoglyc- 26+ 10 23+3 2510 18£3 45+ 11 2+1 30£10 5143 60+11 49+£3
aemic agents
Diet alone 33+16 10+3 20+13 11+3 1+1 10+ 9 45%6 60+15 385
Female subjects
Group 1 78+ 14 35+5 22+14 8+3 56+17 5+£2 2+14 17+4 44+17 154
Group 2
Insulin 5612 46+4 6+ 5 28+4 17+ 9 6+2 56+12 65+4 44+12 62t4
Oral hypoglyc- 29+ 6 26+£3 20t 5 10+2 27+ 6 3+1 31+ 6 51+3 48+ 7 68+3
aemic agents
Diet alone 0 17+4 30+14 10+3 30£14 32 50+16  34x5 50+ 16 52+6
Results expressed as mean+ SEM
ulation characterized by an earlier age of onset (Fig.1). Type of diabetes

At the time of the survey the Aborigines tended to be
younger and to have had diabetes diagnosed for a shor-
ter period (Table 1).

Obesity was more common in the Aboriginal group
(Table 1). Factors other than race which influenced
obesity included sex, age and type of treatment. When
differences in these factors were taken into account,
there was no significant difference in the degree of
obesity between group 2 Aborigines and Caucasoids
treated with diet alone or diet and oral hypoglycaemic
agents. Only Aborigines in group 2 who received insulin
were more obese than their Caucasoid counterparts. In
both racial groups females were more obese than males
and the degree of obesity increased with age. Similar
trends were present in group 1, but the small number of
Aborigines in this group limited interpretation of the
data.

Type 2 diabetes was more common in the Aborigines
than the Caucasoid group. Only 13% of the Aborigines
were classified as having Type1 (insulin-dependent)
diabetes compared with 17% of Caucasoids. Within
group 2, 18% of Aborigines received insulin compared
with 30% of the Caucasoid patients. These differences
in therapy suggest that Type 2 diabetes accounted for
the increased prevalence of diabetes in this Aboriginal

group.

Investigations

Plasma glucose and glycosylated haemoglobin (Table 2):
Relatively greater hyperglycaemia, as estimated by a
non-fasting blood glucose and a HbA,, was a feature of
the Aborigines in group 2. The mean HbA; in female
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Caucasoids in group 2 was 11% compared with 12% in
female Aborigines. This difference was similar for all
treatments, in both sexes, except in the subgroup of
males on insulin. However there were only three male
Aborigines on insulin in group 2. For plasma glucose
the racial difference was statistically less significant be-
cause measurements were more variable. In contrast, in
group 1 these measures of hyperglycaemia were similar
in Caucasoids and Aborigines.

Plasma lipids: There were minor differences in total
plasma cholesterol which varied between treatment
groups. Aborigines tended to have slightly lower total
plasma cholesterol levels than their Caucasoid counter-
parts (Table 2); however, this reached statistical signifi-
cance only in the group treated with diet and/or oral
hypoglycaemic agents. The HDL cholesterol fraction
was lower in the Aborigines (group 1 y%)=14.2, p<
0.01; group 2 x % =11.9, p=0.07). In female Aborigines
the mean was 1.20, compared with 1.37 in female Cau-
casoids. This difference was present in both sexes, in
both groups and in all treatment modes within group 2,
except in males on insulin. As noted above comparisons
were limited in this subgroup by the small number of
subjects.

Complications of diabetes (Table 2)

Retinopathy: Retinopathy was at least as common in
Aborigines as in Caucasoids. For the comparison to be
valid, differences in duration as well as sex ratio and
treatment must be taken into account. As the adjust-
ment for duration is different for each race and sex, fit-
ted rates for 2 and 20 years’ duration were calculated. At
2 years’ duration, the prevalence rate in Aborigines was
approximately 10% higher than in Caucasoids and this
diminished with time, being insignificant after 10 years.
Similar trends were present in group 1. The type of reti-
nopathy was not analysed in detail as the Aboriginal
group was too small to allow correction for variables in-
cluding duration, sex and treatment mode. Overall, ob-
structive retinopathy was more common in the Aborigi-
nal subjects (12% versus 8%).

Proteinuria and raised creatinine levels: The prevalence
of proteinuria was greater in the Aborigines (29%) than
in Caucasoids (4%; p=90.01) in all clinical groupings
irrespective of the type of treatment. In contrast, the fre-
quency of renal impairment was similar in the two ra-
cial groups.

Macrovascular disease: There was no significant differ-
ence in the prevalence of macrovascular disease be-
tween the Aboriginal and Caucasoid subjects, even af-
ter adjusting for the age effect of the younger Aborigi-
nal subjects.

19

Hypertension: More Aborigines than Caucasoids were
hypertensive at the time of the survey. Fitted regression
lines demonstrated the higher systolic blood pressure
recorded in group 2 Aborigines of both sexes after tak-
ing age into account. However more Caucasoids than
Aborigines were receiving treatment for hypertension
and after inclusion of these subjects in the hypertension
subgroup, only in males was the prevalence of hyper-
tension higher in Aborigines. After adjustment for age
and obesity, hypertension was still 20% more prevalent
in male Aborigines than in male Caucasoids. At
60 years of age and a body mass index of 31, the adjust-
ed prevalence rate for hypertension was 70% in male
Aborigines taking oral hypoglycaemic agents and 49%
in the corresponding Caucasoid group.

Sensory neuropathy: Sensory neuropathy was more
common in the Aboriginal population. Duration and
age at onset of diabetes were important determinants
for sensory neuropathy. After adjusting for these vari-
ables the Aborigines on diet alone and diet plus oral hy-
poglycaemics had more neuropathy than their Cauca-
soid counterparts (¥ =20.2, p=0.01). This racial dif-
ference was absent in subjects receiving insulin. Al-
though the Aborigines generally had poorer control
than Caucasoids there was no correlation between
HbA, and prevalence of neuropathy in the different
treatment subgroups of the Aboriginal subjects.

Discussion

Although the prevalence of diabetes in Aborigines can-
not be determined accurately by this type of study, the
findings do suggest that diabetes is more prevalent in
this racial group. The Western Australian Government
census of Aborigines in 1983 (D. Hicks, personal com-
munication) found there were 1,239 Aborigines in this
region, in an age range similar to that of the Aboriginal
subjects in the diabetic survey. Our study population
constituted 11% of the total age-matched Aboriginal
population, but the true prevalence of diabetes must be
greater as not all known diabetics attended the survey.

Subject self-selection did not create any obvious
bias in the Caucasoid subjects. In age distribution, sex
ratio and duration of diabetes this group was similar to
a population of Caucasoid diabetic subjects studied in
Newcastle, Australia [10]. As there is no similar infor-
mation for Aborigines, we cannot eliminate bias in that
subgroup; however the method of recruitment for the
survey was identical for all subjects.

Diabetes is a feature of urbanized subjects from
many racial groups [11-13]. Both genetic and environ-
mental factors may contribute. Obesity alone does not
explain the greater prevalence of diabetes in this part-
Aboriginal population. A genetic factor may be impor-
tant, as the prevalence is much greater than that in Cau-
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casoid subjects from this region [14] but less than the
17% prevalence observed by Bastian [3] in full-blood tri-
bal Aborigines from the Kimberley region of northern
Western Australia. Racial admixture has been correlat-
ed with the prevalence of diabetes in Mexican Ameri-
cans [15].

Before comparing the prevalence of diabetic com-
plications in the two racial groups, adjustments were
made for population differences likely to affect the out-
come. For instance, the Aboriginal subjects included
more females, were younger at the time of examination
and had diabetes for a shorter time. After allowing for
these variables and the mode of treatment, all complica-
tions of diabetes were as frequent, or more frequent, in
the Aboriginal diabetics.

Duration of diabetes is the major risk factor in dia-
betic retinopathy [16, 17]. When Aborigines and Cauca-
soids were compared at different periods of diagnosis
during the first 10 years, diabetic retinopathy was more
common in the Aborigines. Factors which may have
contributed to this difference include poorer control of
hyperglycaemia and hypertension in the Aboriginal
patients. These factors may also influence the type of
retinopathy, obstructive retinopathy probably being
more prevalent in Aboriginal subjects. However, the
small numbers of Aboriginal patients within particular
subgroups with retinopathy prevented any conclusions
from this study.

Wise et al. [1] also detected proteinuria in nearly one-
third of Aboriginal diabetic subjects. Diabetic nephro-
pathy is unlikely to be the major cause as proteinuria in
the Aboriginal patients did not correlate with retino-
pathy or with duration or type of diabetes. In 34 of the
Aboriginal subjects from Geraldton, whose urine was
studied, there was no association between urinary tract
infections or abnormal urinary sediment and protein-
uria. However proteinuria was not a benign abnormali-
ty. It was associated with impairment of renal function
and hypertension. Fifteen percent of Aborigines with
proteinuria, but only 2% of those without, had a plasma
creatinine level greater than 120 mmol/1. Thirty-one
percent of the proteinuric Aborigines were hypertensive
compared with 23% of the remainder.

Risk factors for cardiovascular disease were com-
mon in this Aboriginal group. Male Aborigines were
more likely to have hypertension and were more hyper-
tensive at the time of examination than were male Cau-
casoids. Those receiving insulin were more obese and
Aborigines in group 2 had a worse lipid profile with re-
duced HDL cholesterol and increased total cholesterol
levels. In addition greater hyperglycaemia, as measured
by a HbA; may have increased the risk. In spite of this
worse risk profile, we were not able to document any
difference in the prevalence of cardiovascular disease,
and macrovascular complications generally, between
Aborigines and Caucasoids. This may be due to the in-
sensitivity of our questionnaire. A more detailed exami-
nation including ECG and chest X-ray might have pro-
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duced a different result as ECG abnormalities are very
common in diabetic Aborigines [3, 18].

Among group 2 subjects who were treated with diet
alone or diet and/or oral hypoglycaemic agents, neu-
ropathy was more prevalent in Aborigines. As this
group included the majority of Aboriginal subjects, it is
of particular significance. Surprisingly this association
was not present in those treated with insulin, whether in
group 1 or 2. This difference could not be explained by
the degree of hyperglycaemia assessed as HbA; nor did
treatment itself seem a likely explanation as the trend
with mode of treatment in the Aborigines was converse
to that in Caucasoids. Alcohol intake showed large
regional differences which made comparison between
groups difficult, but it did not appear to correlate with
sensory neuropathy. Thus a relatively high prevalence
of sensory neuropathy in Type2 Aboriginal diabetics
had no obvious explanation.

Diabetes is a major health problem in urbanized
Aborigines. The study has indicated that diabetes is
common in Aborigines and often associated with com-
plications. A relatively high prevalence of Type 2 diabe-
tes was a feature. Although Aboriginal diabetics often
present at an earlier age and include more female sub-
jects than do Caucasoids, there is no evidence that they
contain a subgroup with a different type of diabetes.
Diabetes is not a benign disorder in Aborigines, who
develop as least as many complications as Caucasoid
subjects. Aboriginal diabetics were also susceptible to
renal disease, and perhaps to hypertension. If we can
elucidate the environmental factors which aggravate a
possible genetic susceptibility to diabetes then steps
could be taken to reduce the health problem which has
been reflected in this survey.
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