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Lipid Metabolism in Diabetic Australian
Aborigines After Temporary Reversion to
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SUMMARY

The rationale for the present study was that temporar-
ily reversing the urbanization process in diabetic Abo-
rigines should improve all aspects of their carbohy-
drate and lipid metabolism that are linked to insulin
resistance. Ten full-blood, diabetic Aborigines from the
Mowanjum Community (Derby, Western Australia)
agreed to be tested before and after living for 7 wk as
hunter-gatherers in their traditional country in north-
western Australia. They were middle aged (53.9 = 1.8
yr) and overweight (81.9 + 3.4 kg), and all lost weight
steadily over the 7-wk period (average, 8 kg). A de-
tailed analysis of food intake over 2 wk revealed a low-
energy intake (1200 kcal/person/day). Despite the high
contribution of animal food to the total energy intake
(64%), the diet was low in total fat (13%) due to the
very low fat content of wild animals.

Oral glucose tolerance tests (75 g glucose) were
conducted in the urban setting and repeated at the end
of 7 wk of traditional lifestyle. The marked improve-
ment in glucose was due to both a fall in fasting glu-
cose (11.6 = 1.2 mM before, 6.6 = 0.8 mM after) and an
improvement in postprandial glucose clearance (incre-
mental area under the glucose curve: 15.0 = 1.2 mmol/
L/h before, 11.7 = 1.2 mmol/L/h after). Fasting plasma
insulin concentration fell (23 = 2 mU/L before, 12 = 1
mU/L after) and the insulin response to glucose im-
proved (incremental area under the insulin curve:

61 £ 18 mU/L/h before, 104 = 21 mU/L/h after). The
marked fall in fasting plasma triglycerides (4.0 = 0.5
mM before, 1.2 = 0.1 mM after) was due largely to the
fall in VLDL triglyceride concentration (2.31 = 0.31 mM
before, 0.20 = 0.03 mM after).

In conclusion, the major metabolic abnormalities of
type 1l diabetes were either greatly improved or com-
pletely normalized in this group of Aborigines by rela-
tively short reversal of the urbanization process. At
least three factors known to improve insulin sensitivity
(weight loss, low-fat diet, and increased physical activ-
ity) were operating in this study and would have con-
tributed to the metabolic changes observed. DIABETES
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he high prevalence of diabetes in urbanized Aus-
tralian Aboriginal communities’® represents a se-
rious and growing public health problem that has
not responded to conventional therapies for a va-
riety of cultural, historic, and economic reasons. In a previous
study, we demonstrated that healthy, lean, young Aborigines
from a community in which diabetes is highly prevalent
among the people over 40 yr of age exhibited mild impair-
ment of glucose tolerance, hyperinsulinemia, and elevated
very-low-density lipoprotein (VLDL) lipids.® It is possible that
these metabolic characteristics in some way facilitated sur-
vival in the traditional hunter-gatherer lifestyle (the “thrifty
gene’®), but render these people highly susceptible to non-
insulin-dependent (type i) diabetes mellitus when they
change to a westernized lifestyle ® In both short-term (2 wk)
and longer-term (3 mo) studies, we have shown that tem-
porary reversion to traditional diet and lifestyle in nondiabetic
Aborigines was associated with improvement in glucaose tol-
erance, reduction of hyperinsulinemia, and reduction in total
plasma triglyceride concentrations.”® The change from an
urban to a traditional lifestyle involves several factors that
directly affect insulin sensitivity: increased physical activity,
reduced energy intake and weight loss, and changes in the
overall dietary composition. All of these factors improve in-
sulin sensitivity and should, therefore, be of benefit to the
insulin-resistant diabetic. In this way it is possible to link
urbanization directly to the increasing prevalence of type i
diabetes among Aborigines. The rationale of the present
study was that temporarily reversing the urbanization proc-
ess should improve all aspects of diabetic carbohydrate and
lipid metabolism that are linked with insulin resistance.
A group of established diabetic subjects from the Mo-
wanjum Community, Derby, in the northern Kimberley region
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TABLE 1
Design of the study and composition of the diet during the 7-wk lifestyle change period
Phase of study Traveling Coast Inland
Main foods Beef 75% Fish 80% Kangaroo 36%
(as % total calories) Fresh-water fish (bream) 19%
Yams 28%
Kangaroo Birds Honey, figs
Turtle Kangaroo 20% birds, crocodiles 17%
Bream 25% Crocodile turtle, yabbies
Yams
Honey
Composition of diet Estimate only Estimate only Measured over a 2-wk period
Carbohydrate 10% < 5% 33%
Protein 50% 80% 54%
Fat 40% 20% 13%
Energy (cal/person/day) 1100-1300 1100-1300 1200
Week 0 1 3 4 5 6 7

Baseline metabolic
studies

Follow-up metabolic
studies

of Western Australia agreed to be tested before and after
living for 7 wk as hunter-gatherers in their traditional country
in an isolated location in that region of Australia.

MATERIALS AND METHODS

Subjects. Ten diabetic (5 women, 5 men) and four nondi-
abetic (2 women, 2 men), full-blood Aborigines from the
Mowanjum Community (Derby, Western Australia) partici-
pated in this study. The mean age of the diabetic subjects
was 539 * 18 yr and of the nondiabetic subjects,
52.3 = 4.3 yr. All subjects were weight stable before the
study. The initial mean body weight of the diabetic subjects
was 81.9 * 3.4 kg, equivalent to a body mass index (BM)
of 27.2 £ 1.1 kg/m?. The nondiabetic subjects had an initial
mean body weight of 76.7 = 3.4 kg, equivalent to a mean
BMI of 25.3 = 0.7 kg/m?. Of the 10 diabetic subjects, only
one was being treated with oral hypoglycemics (tolbutamide)
before the study and none was on insulin. This subject’s
medication was withdrawn beginning on the morning of the
baseline metabolic test. The same subject was also on an-
tihypertensive medication (atenolol, amiloride, and hydro-
chlorothiazide) that was withdrawn under close supervision.
This subject and another were also on thyroxine, which was
continued. One previously undiagnosed case of severe hy-
pertension was revealed during routine blood pressure
measurements as part of the baseline studies in one of the
nondiabetic subjects. She was treated with metoprolol for
the duration of the 7-wk study. Five of the diabetic subjects
(2 women, 3 men) were moderate-to-heavy drinkers in the
urban setting, while the others were nondrinkers. Three of
the four nondiabetic subjects were heavy drinkers in the
urban setting.

Field study. The field study was carried out at Pantijan, the
Mowanjum Community’s cattle station and traditional country
of many of the Aborigines now resident at Mowanjum. It is
an extremely isolated location north of Derby, 1.5 days' travel
by four-wheel drive vehicle or 1 h by light plane. The Abo-
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rigines had no access to store foods or beverages from the
time they left Derby until when they returned 7 wk later. This
investigator was present throughout the study to ensure strict
compliance with the experimental diet. The only food eaten
after leaving Derby was that hunted or collected by the par-
ticipants. They traveled from Derby to Pantijan by vehicle.
The 7-wk period was spent as follows: en route to Pantijan,
1.5 wk; at the coastal location, 2 wk; and inland, 3.5 wk.
Experimental diet. During the 10-day trip from Derby to the
coastal location, the diet was mixed and included locally
killed beef, since supplies of bush food were inadequate:
meat (beef, kangaroo), fresh-water fish and turtle, vegeta-
bles, and honey. It was estimated that beef comprised 75%
of the energy intake during this 10-day period and the overall
dietary composition was estimated to be: protein 50%, fat
40%, and carbohydrate 10%. No further beef was consumed
once the group arrived at the coastal location.

During the 2-wk period spent on the coast, the diet was
derived predominantly from seafood with supplements of
birds and kangaroo. The lack of vegetable food in this area
eventually precipitated the move inland to the now-aban-
doned site of the old homestead. The estimated dietary com-
position while on the coast was: protein 80%, fat 20%, and
carbohydrate <5%.

At the inland location, which was on a river, the diet was
much more varied: kangaroo, fresh-water fish and shellfish,
turtle, crocodile, birds, yams, figs, and bush honey. A de-
tailed analysis of the food intake was conducted over a 2-
wk period during this phase of the study (Table 1). All food
was weighed before it was eaten and samples were col-
lected and stored in liquid nitrogen before being flown back
to Melbourne for analysis. Energy intake over this period
averaged 1200 kcal/person/day. In terms of total dietary
energy consumed over the 2-wk period, kangaroo ac-
counted for 36%, fresh-water bream 19%, and yams 28%.
The remaining 17% was made up from wild honey, figs,
birds, turtle, crocodile, and yabbies. The dietary composition
in terms of total energy was 54% protein, 13% fat, and
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FIGURE 1. Fall in body weights of the 10 diabetic Aborigines over the
7-wk period of traditional lifestyle (mean > SEM).

HDL were separated from other plasma lipoproteins that had
been precipitated by heparin manganese chloride.? Lipids
in low density lipoproteins (LDL) were calculated from the
differences between whole plasma and VLDL plus HDL.
Diagnostic criteria for diabetes. The criteria chosen for
definition of diabetes were those of the National Diabetes
Data Group' for venous plasma glucose. Diabetes: fasting
> 7.8 mmol/L and 2-h oral glucose tolerance test > 11.1
mmol/L; impaired glucose tolerance: fasting < 7.8 mmol/L
and 2-h oral glucose tolerance test between 7.8 and 11.1
mmol/L; and normal glucose tolerance: 2-h oral glucose
tolerance test < 7.8 mmol/L.

Statistical methods. Statistical analysis of the resuits was
carried out using Student’s t test for unpaired data. The areas
under the curves for insulin and glucose were calculated
using the trapezoidal rule. Incremental areas under the curve
were calculated by subtracting the total area from the base-
line area.

RESULTS

The overall design of the study and composition of the diet
over the 7-wk lifestyle change period is presented in Table
1. Animal foods comprised 90% of the energy intake during
the first phase (traveling), essentially all of the energy intake
on the coast, and 64% during the final (inland) phase of the
study. When the Aborigines were eating wild animal foods
exclusively (coast and inland, 5.5 wk) the diet was low in fat
due to the low fat content of wild animals and fish."'? This
would have been an important factor in their weight loss.
During the one period when their energy intake was accu-
rately measured (2 wk in the third phase of the study), it was
found to average 1200 kcal/person/day. Since weight loss
was constant over the 3 phases of the study (Figure 1), it
was assumed that the energy intake was also fairly constant
(1100-1300 kcal/person/day) over the 7-wk period.

The mean change in body weight of the 10 diabetic sub-
jects is shown in Figure 1. Initial and final body weights for
all subjects are reported in Table 2. All subjects lost weight
steadily over the 7-wk period: the mean total weight loss was
8.0 = 0.9 kg (range 3.1-12.0 kg). The three leanest diabetic
subjects (baseline BMI < 24 kg/m?) lost the least weight
(3.1-5.1 kg), while the remaining seven diabetic subjects
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(baseline BMI > 26 kg/m?) lost between 7.8 and 12.0 kg.
Weight loss was highly correlated with baseline BMI (r =
0.819, P < 0.01). Despite this impressive weight {oss, most
of the diabetic subjects were still overweight at the end of
the study (BMI > 24 kg/m?). Physical activity over the two
periods of assessment (weeks 5 and 6) did not correlate
with total weight loss.

Fasting plasma glucose concentrations in the 10 diabetic
subjects fell from 11.6 £ 1.2 mmol/L before the study to
6.6 = 0.5 mmol/L after it (P < 0.001, Table 3). Overall, glu-
cose tolerance showed a striking improvement (P < 0.001.
Figure 2). In addition to the lower glucose concentration in
the basal state, there was also an improvement in glucose
removal after glucose ingestion, as shown by the significant
reduction in the postprandial rise in glucose concentration
in the glucose tolerance test (P < 0.005, Figure 3). This is
highlighted by the total and incremental areas under the
curve (AUC) for glucose, which were reduced by 37% (P <
0.001) and 22% (P < 0.005), respectively (Table 3). How-
ever, in the final analysis, the marked reduction in basal
glucose concentration contributed more to the improvement
in glucose tolerance than did the improved glucose removal
postprandially. Glucose tolerance also improved in the non-
diabetic subjects (P < 0.05, analysis of variance, Table 3).
However, there was no change in the fasting glucose con-
centration in the nondiabetic subjects.

Fasting plasma insulin also fell significantly in the diabetic
subjects (23 = 3 mU/L before, 12 = 1 mU/L after the study,
P < 0.005, Table 3). Although there was no significant dif-
ference in the peak postprandial insulin concentrations be-
fore and after the study (Figure 2), the actual insulin response
(increase above fasting values) was significantly improved
(Figure 3). This is brought out more clearly by comparing
the total AUC for insulin, which was not changed by 7 wk of
traditional lifestyle, with the incremental AUC for insulin,
which was increased by 72% (P < 0.05, Table 3). The insulin
response to a given blood glucose concentration was mark-
edly improved in the diabetic subjects. There was no sig-
nificant change in either the fasting insulin concentration or
the insulin response to glucose in the nondiabetic subjects
(Table 3).

The diabetic subjects were extremely hypertriglyceridemic
before the study (Table 2), with the bulk of their excess
triglycerides being carried in the very-low-density lipoprotein
(VLDL) fraction (Table 4). There were striking falls in total
plasma triglycerides by the end of the study (P < 0.001,
Table 2), the most marked being in the VLDL fraction, which
fell to one-tenth its baseline concentration (P < 0.001, Table
4). Similar, although less marked, changes were observed
in the nondiabetic subjects. ’

Total plasma cholesterol concentrations, which were not
high initially, did not fall significantly (Table 4). However,
there was a change in the distribution of cholesterol between
the different lipoprotein fractions that may have occurred, at
feast partly, to compensate for the greatly reduced contri-
bution of VLDL to the total lipids at the end of the experi-
mental period. Both VLDL and HDL cholesterol fell signifi-
cantly, while LDL cholesterol tended to rise (Table 4). HDL
cholesterol was highest initially in the heavy drinkers but fell
in all subjects (inciuding the nondrinkers) at the end of the
study.
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FIGURE 2. Change in plasma glucose (lower) and insulin (upper) con-
centrations in 10 diabetic Aborigines after 75 g oral glucose before
and after 7 wk of traditional lifestyle (mean + SEM).

DISCUSSION
The major finding in this study was the marked improvement
in glucose tolerance in 10 diabetic Aborigines after a 7-wk
reversion to traditional hunter-gatherer lifestyle. There were
two components to this improvement: a striking fall in the
basal (fasting) glucose concentration and a less marked, but
nevertheless significant, improvement in glucose removal
after oral glucose. Associated with the improvement in basal
glucose metabolism was a significant fall in the fasting insulin
concentration in the diabetic subjects. Although peak post-
prandial insulin concentrations were no different before and
after the temporary lifestyle change, the fall in fasting insulin
concentrations indicated that the actual insulin response to
oral glucose had increased in these diabetic subjects. This
increased response occurred despite the markedly reduced
glycemic stimulus.

The data in the present study indicate that there have been
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improvements in two of the major metabolic defects in type
Il diabetes (insulin secretion and insulin action) as a result
of the lifestyle change. The improvement in insulin response
to oral glucose was not as striking as the reduction in basal
insulin concentrations. Nevertheless, it is consistent with nu-
merous other reports that reducing hyperglycemia in type Il
diabetic subjects restores, at least in part, the pancreatic B-
cell secretory function.™-'® Despite the improved insulin re-
sponse to glucose, which was evident in the diabetic sub-
jects at the end of the study, this response remained clearly
defective relative to that of the nondiabetic subjects.

The lifestyle changes operating in the present study en-
compassed three main factors that are known to improve
insulin sensitivity: weight loss, low-fat diet, and increased
physical activity.'-2 Theoretically at least, they could all have
contributed to the improved metabolic control evident in
these diabetic subjects at the end of the study. The marked
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FIGURE 3. Incremental glucose (lower) and insulin (upper) responses
to 75 g oral glucose in 10 diabetic Aborigines before and after 7 wk of
traditional lifestyle (mean + SEM).
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TABLE 4

Changes in the triglyceride and cholesterol concentrations in total
plasma and lipoprotein fractions in 10 diabetic subjects after the
7-wk lifestyle change

Pre Post
Total cholesterol 565 023 498 +0.34
triglyceride 4.02 = 0.46 1.15 = 0.03t
VLDL cholesterol 1.01 £0.15 0.18 + 0.03t
triglyceride 2.31 £ 0.31 0.20 = 0.03t
LDL cholesterol 3.34 £ 0.27 410+ 0.32
triglyceride 0.95 = 0.23 064 =0.07
HDL cholesterol 1.29 = 0.16 0.69 = 0.06*
triglyceride 0.76 + 0.08 0.29 = 0.031

*P < 0.005; 1P < 0.001

weight loss that occurred in all subjects was probably a
major factor in the improvement. However, it should be em-
phasized that the type Il diabetic subjects in the present
study were neither grossly overweight initially (BMI 27.2) nor
slim by the end of the study (BMI 24.5). In this respect, the
present study differs from other reports of reversal of type |l
diabetes, in which the subjects have tended to be consid-
erably more obese initially.’*-'¢ The results of this study sup-
port the concept of a multifactorial basis for the improve-
ments in carbohydrate and lipid metabolism. Under the
conditions of this study it is difficult to separate out effects
of dietary composition, low energy intake, and weight loss.
Reduced stress in the traditional lifestyle may also have con-
tributed to the improvements; however, it was not possible
to accurately assess this variable in the present study.

The role of increased physical activity in mediating these
benefits is difficult to assess. Physical fitness per se was not
assessed in this study. However, the mean daily activity
estimated on a scale of 1 to 5 over a 2-wk period indicated
that the level of physical activity during the study period was
not particularly high, despite being greater than in the urban
setting. There was no correlation between level of physical
activity and improvement in any of the metabolic parameters.
This may, of course, have been due to lack of appropriate
data on true level of physical activity or improved physical
fitness.

The striking fall in VLDL triglyceride concentrations that
was also observed in the diabetic subjects at the end of this
study is consistent with improved insulin sensitivity in these
people ?' Elevation of VLDL triglyceride concentrations to the
levels evident in this group before the study are generally
considered to arise from a combination of increased hepatic
production and reduced peripheral clearance.**# A recent
study on VLDL triglyceride metabolism in diabetic Pima in-
dians revealed normal VLDL production rates but defective
clearance.® In this latter group of diabetic subjects, the tri-
glyceride concentrations were not elevated to anywhere near
the same extent as the baseline values of the diabetic Ab-
origines in the present study, although the two groups did
exhibit very similar degrees of fasting hyperglycemia. Al-
though alcohol intake may have contributed to the high pre-
study triglyceride concentrations, the lower concentrations
in the heavy drinking, nondiabetic subjects and the high
concentrations in several of the nondrinking, diabetic sub-
jects indicate that diabetes was the major contributing factor
to the hypertriglyceridemia. The complete normalization of
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both total plasma and VLDL triglyceride levels by the end
of the study was consistent with lower basal insulin levels,
since hyperinsulinemia has been shown to stimulate triglyc-
eride production in man.?® However, an alternative expla-
nation would be that the glucose intolerance and insulin
resistance were secondary to the hypertriglyceridemia, and
that the very-low-fat diet, together with the weight loss
achieved, were responsible for the dramatic reductions in
VLDL levels that, in turn, mediated the improvement in glu-
cose tolerance.?® ‘

Although HDL cholesterol levels were highest initially in
the heavy drinkers, they had fallen in all subjects, including
the nondrinkers, by the end of the study. Low HDL choles-
terol levels, associated with low total cholesterol levels, have
been reported in numerous nonurbanized populations in-
cluding Australian Aborigines.*?’# The general fall in HDL
cholesterol (even in the nondrinkers) may have been partly
in response to the greatly reduced VLDL concentrations in
all subjects at the end of the study. Similarly, the rise in LDL
cholesterol (although not statistically significant) may have
occurred to compensate for the greatly reduced VLDL. Thus,
although total cholesterot did not fall significantly (despite a
trend in that direction) there was a change in the distribution
of cholesterol between the different lipoprotein fractions.

The three most striking metabolic changes that occurred
in this study, namely the reductions in fasting giucose, in-
sulin, and triglyceride concentrations to normal or near-nor-
mal levels, were aimost certainly interrelated. Hyperinsulin-
emia and insulin resistance are associated, ipso facto, with
a reduced ability of a given concentration of insulin to stim-
ulate glucose uptake or inhibit lipolysis.?® However, hepatic
triglyceride synthesis does not appear to be subject to insulin
resistance.?®** As a consequence, the co-existent elevations
in insulin, glucose, and free fatty acids in insulin-resistant
states provide the setting for increased hepatic triglyceride
synthesis and increased VLDL triglyceride secretion. Ame-
liorating the insulin resistance (by any combination of weight
loss, low-fat diet, and increased physical activity) should
reverse these processes by improving glucose uptake, in-
hibiting lipolysis, and lowering basal insulin concentrations,
thereby removing the conditions previously promoting ex-
cessive VLDL triglyceride production and secretion.

However, the interpretation of the results of the present
study is complicated by the observation that despite the
marked improvement in basal glucose homeostasis, post-
prandial glucose clearance was only moderately improved.
This is perhaps even more unexpected in view of the im-
provement in postprandial insulin secretory response. It is
interesting to note that this pattern of response has been
reported in other studies of the dietary treatment of diabetes.
The improvement in glucose tolerance in diabetic subjects
after a high-carbohydrate, high-fiber diet was largely ac-
counted for by falls in basal glucose concentrations and not
by improved postprandial glucose clearance per se.* *

In summary, all of the metabolic abnormalities of type I
diabetes were either greatly improved (glucose tolerance,
insulin response to glucose) or completely normalized
(plasma lipids) in a group of diabetic Aborigines by a rela-
tively short (7 wk) reversion to traditional hunter-gatherer
lifestyle. The public health implications of these results are
far-reaching: diabetes is potentially preventable in these
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people. It should be emphasized that although it is not nec-
essary to revert totally to traditional lifestyle in order to pre-
vent or attempt to reverse diabetes, certain characteristics
of that lifestyle must be incorporated into any future public
health programs: high physical activity, low-fat diets, and
control of body weight.
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