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The normal tolerance to glucose and the low fat fractions
in the blood shown by the Bantu! in South Africa may be
regarded as favourable in so far as they are associated
with a very low death rate from coronary disease. The
relatively low incidence of severe atherosclerosis and coro-
nary disease in the Bantu can probably be ascribed to
their diet and manner of life. The atheromatous lesions
associated with abnormal carbohydrate and fat metabo-
lism are frequently associated with incorrect eating habits
of long duration, and available evidence indicates that
White subjects, once they become habituated to the Bantu
type of diet, take on many of the favourable metabolic
features characteristic of these people.l:? This accords
with the general belief that atherosclerosis is a metabolic
disease which is preventable and up to a point reversible.?

In view of the possible relationship between atheroscle-
rosis and abnormal carbohydrate and fat metabolism, it is
important to know to what extent diet can improve the
abnormal carbohydrate and fat metabolism found in so
many White persons, especially those who have suffered
an attack of coronary thrombosis. The present report
deals with the effects of dietary therapy on 20 subjects
with evidence of abnormal carbohydrate and fat metabo-
lism.

The type of diet chosen was one devised by Rautenbach?
for the treatment of diabetic patients, i.e. patients with an
impairment in carbohydrate and fat metabolism resem-
bling that of coronary thrombosis patients but much
more severe in extent. The theoretical object of the diet
was to cause a reduction in insulin requirement by re-
ducing the total carbohydrate intake, and in adrenal
activity by reducing the fat intake.

MATERIAL AND METHODS

A group of 20 test persons received dietary treatment for
8-12 months. Eleven had suffered an attack of coronary
thrombosis and all showed deviations as far as sugar-tolerance
curves and/or fat fractions in the blood were concerned. The
diet provided approximately 1,800 calories per day, of which
659 was derived from carbohydrates (predominantly starch)
and 25% from fat. The protein intake was limited to approx-
imately 55 G/per day. The basic diet which was prescribed
for all the subjects was modified where necessary to ensure
that the overweight subjects lost no more than 5-8 Ib./month.
All the subjects regulated their own intake.

Tests were carried out at the start of the experiment and
twice thereafter at intervals of 3 - € months. The concentrations
of total fatty acids, essential fatty acids (linoleic and
arachidonic acids) and cholesterol were determined in the
fasting blood as previously described,5 and a glucose-tolerance
test was performed after the oral administration of 50 G of
glucose.

RESULTS

The mean values for blood glucose obtained during the
glucose-tolerance tests are shown in Fig. 1. The values are
expressed as percentages of the levels obtained at the be-
ginning of the test (fasting level). The three curves represent
(a) the average values obtained before the dietary regimen.
(b) those obtained 3 -6 months after, and (c) those obtained
8- 12 months after commencing dietary therapy.

The subjects showed on the average a reduced glucose
tolerance at the start of the experiment, evidenced particularly
by the delay in the return of the glucose concentration to
the fasiing level after glucose administration. The curves
tended to become more abnormal after the subjects had been
on the diet for 3-6 months but became normal after 8-12
months of dietary treatment.
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Fig. 1. Changes of g'ucose tolerance in patients undergoing dietary
treatment.

The statistical analysis of the glucose-tolerance curves
presented some difficulty, since to the best of our knowledge
no test exists which is suited to this particular problem. As
an approximate solution, the Friedman two-way analysis of
variance was applied to the I14-hour glucose readings on
the curves. There was no significant difference at a 5% level
between the three sets of values (5% <<P<<10%). The same
test applied o the area under the glucose-tolerance curve
demonstrated a highly significant over-all difference (P<<1%).
It is of interest to note that the sums of ranks in the Friedman
test for the three periods were 46, 46 and 28 respectively,
indicating that the areas under the first and second curves
were similar but that they differed greatly from that under
the third curve.

The average total fatty acid concentration in the serum
of the 20 test persons, all of whom improved their glucose
tolerance. dropped from 513 mg. /100 ml. at the beginning to
317 mg./100 ml. at the end of the test period (Fig. 2). The
serum-cholesterol concentrations also decreased, in some cases
sharply and in others more gradually. The percentages of
linoleic and arachidonic acids present in the total fatty acids
increased from 20.7-26.0"., and from 56 -7-47 respectively
(Fig. 2).

The two-tailed Friedman two-way analysis of variance was
applied to the various fat fractions to test whether the dietary
treatment had affected these entities in any way. The test
showed that a highly significant difference existed between
the three sets of values in respect of total fatty acids,
cholesterol, linoleic acid and arachidonic acid. In the case of
total fatty acid and cholesterol concentrations the final values
were lower than the initial values while the opposite was true
in the case of linoleic and arachidonic acid concentrations
These differences were all statistically significant.
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DISCUSSION

The dynamic equilibrium which exists between triglyce-
rides and the tissue pool of free fatty acids is the result of
two opposing processes, viz. esterification (lipogenesis)
and lipolysis. The balance between these two processes
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Fig. 2. Changes in the concentration of some serum lipids in patients
undergoing dietary treatment.

controls the exchange of fatty acids between tissue trigly-
cerides and the plasma. When the availability of glucose
to the adipose tissues is low, the rate of lipolysis exceeds
the rate of lipogenesis and free fatty acids accumulate in
the plasma. Lipogenesis has been found to be markedly
depressed in the adipose tissue of starved rats and also in
the tissues of rats maintained on a high-fat, low-carbo-
hydrate diet.5 7

It has been suggested that a high-fat diet may stimulate
secretion of the anterior pituitary hormones and thereby
indirectly cause an increased production of adrenal cortical
hormones.® The glucocorticoid effects of certain hormones
on carbohydrate, lipid and protein metabolism are well
established.? These effects include the stimulation of
gluconeogenesis with its facilitating action on noradrenalin-
induced lipolysis!” and on the development of adrenalin-
induced hyperglycaemia.!! The effect on the adrenals of a
high-fat diet could also explain the findings of Samuels
et al.,’? viz. that rats on a high-fat diet respond to an
injection of glucose with a blood sugar rise about 50 mg./
100 ml. greater than that of similarly treated animals
maintained on a high-carbohydrate diet.

Carbohydrate metabolism is influenced by many hor-
mones, of which the amount secreted is affected by certain
nutritional regimes. It is therefore possible that the pro-
cesses which govern carbohydrate metabolism, including
insulin secretion, may be rendered inadequate by certain
dietary patterns. The habitual high-fat, high-protein diet of
Western peoples could be responsible for a pituitary-
adrenal overactivity. Such overactivity causes an increase
in appetite and digestive capacity and in the secretion of
insulin. The development of a diabetic tendency in spite
of increased insulin secretion could be explained by the
increased utilization of insulin during lipogenesis or by
the anti-insulin effect of most of the pituitary and adrenal
hormones. In addition, a congenital weakness of the islets
of Langerhans might prevent sufficient insulin from being
secreted to meet the increased demands and may even
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cause a degeneration of the secretory cells.

In view of the probable deleterious effect of the
Western-type diet, it was ot surprising to find that the
sugar tolerance of the subjects in the present series showed
a progressive improvement when a low-fat diet was given
which supplied a restricted amount of calories per day.

Carbohydrate metabolism is closely linked with fat
metabolism and it is to be expected that a reduced glucose
tolerance will be coupled with an increased fat fraction in
the blood. If the defective carbohydrate metabolism is
corrected, the high fat fraction can be expected to de-
crease to more normal levels. The average total fatty acid
concentration in the blood of the 20 test persons, all of
whom improved their tolerance to glucose (Fig. 1), fell
from 513 mg./ 100 ml. at the beginning to 317 mg./ 100 ml.
at the end of the test (Fig. 2). The latter values approxi-
mated those obtained for groups of people among whom
coronary thrombosis seldom occurred.'®

The cholesterol concentration in the serum of the test
persons decreased sharply in some cases, but to a lesser
extent in others, and occasionally even rose. This finding
would appear to indicate that the cholesterol fraction in
the serum of man is less rapidly affected by dietary treat-
ment than the total fatty acid fraction.

The sharp increase in the total percentage of essential
fatty acids present in the total fatty acid fraction of the
serum was mainly the result of an increase in linoleic acid
from 207 to 26:0% and in arachidonic acid from 5-6 to
7-4%. Tt is of interest that Lossow and Chaikoff!* found
an increased oxidation of linoleic acid in the body cells of
diabetic rats. In our test persons therefore, whose glucose
tolerance was decreased, it is possible that the initial low
percentage of linoleic acid in the total fatty acid fraction
may have been due to increased oxidation of this
essential fatty acid. This effect is enhanced when in
addition the intake of linoleic acid is low, a possibility
which must be kept in mind in view of the high propor-
tion of saturated fat consumed by most of the Western
peoples.

The improvement in the arachidonic acid concentration
of the fatty acid fraction seen in the present series may
have been due to an improvement in pyridoxine status.!?
A ‘conditioned deficiency’ of pyridoxine may be caused by
factors which increase the requirement for the vitamin.
Silberg!® has proved. for instance. that high-protein diets
increase the pyridoxine requirements of mice. Kratzer and
Williams!” found that chicks fed a ration containing 30
linseed oil developed what appeared to be a pyridoxine
deficiency, although the ration contained many times the
amount of pyridoxine normally required by chicks. The
work of Kotake!® has indicated that the administration of
large doses of the sodium salts of fatty acids to albino rats
can result in a deficiency of pyridoxine. The high standard
of living of the White population of the Republic of
South Africa and other countries of the West results in
excessive intakes of protein and fat which might therefore
cause a relative pyridoxine deficiency. Such a relative
pyridoxine deficiency would depress the conversion of
linoleic acid to arachidonic acid, and might explain the
low serum arachidonic acid values found in our series at
the beginning of the test.
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When the important part played by pyridoxine in pro-
tein metabolism is borne in mind, particularly in regard to
the mechanism of transamination, it seems not impossible
that pyridoxine deficiency may prove to be the ultimate
factor responsible for the pathological lesions which deve-
lop in the blood vessels in atheroma.’® Nor would it be
surprising to find that diet-induced intolerance to glucose
could cause hyperlipaemia, accelerated blood-clotting,20: 2!
increased blood viscosity and aggregation of the red blood
cells. =

SUMMARY
The influence of a calorie-restricted diet with a high pro-
portion of carbohydrate and a moderate proportion of protein
was studied for 8-9 months in 20 patients with abnormal
carbohydrate and fat metabolism. A basic 1,800-calorie diet
was prescribed for all the subjects but was modified where
necessary to ensure Lhat the overweight subjects lost no more
than 5 -8 Ib./month. The tolerance to glucose, after a tempo-
rary deterioration in some cases, improved considerably in
all the subjects during the 8-12 months of dietary therapy.
The high initial total fatty acid concentration in the serum
in each case decreased to what is considered a normal level
on the prescribed diet. The lowered polyenoic fatty acid
fraction of the serum total fatty acids increased gradually to
a normal level as the tolerance to glucose improved and the
concentration of the total fatty acids in the serum decreased.
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