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During the past few decades, interest in the ef-
fects of overnutrition and undernutrition on blood
cholesterol values, and their bearing on the patho-
genesis of atherosclerosis, has led to the carrying
out of numerous experimental studies on both ani-
mals and man (1, 2). Several studies have shown
that diets characterized by reduced fat intake, are
associated with, or give rise to reductions in serum
cholesterol levels (3, 4). Dealing specifically with
changes in fat intake, Keys, Mickelsen, Miller, and
Chapman (5), using iso-caloric diets, found that
when fat intake is substantially altered, well-
marked changes appear in serum cholesterol con-
centration, which, moreover, are independent of
cholesterol intake.

Confirmation of the correlation between fat in-
take and cholesterol values is afforded by two
types of evidence. Firstly, populations subjected
to dietary restrictions, which invariably include
reduced fat intake, have been shown to have lower
cholesterol levels than when the relevant conditions
returned to normal. Thus, in the last war, very
low cholesterol values were observed among the in-
mates of various European concentration camps
(6-8). Conversely, a significant rise in mean
blood cholesterol level occurred in groups of Ger-
man subjects from 1947 to 1949, this change being
attributed to dietary improvements, including in-
creased fat intake (9).

The second type of evidence is provided by pop-
ulations habituated to a high fat intake, e.g., the
inhabitants of the United States (10) and Den-
mark (11), who have higher mean serum choles-
terol values than peoples accustomed to a lower fat
intake, e.g., population groups in Italy (12), Spain
(13), China (14), India (15), Belgian Congo

' This paper is published with permission of the South
African Council for Scientific and Industrial Research.

(16), Southern Rhodesia (17), and Bechuana-
land (18).

In addition to the observation that serum choles-
terol level varies directly with fat intake, the evi-
dence indicates that the extent of the rise in serum
cholesterol which occurs with age is influenced by
the amount of fat customarily consumed. Thus,
Keys and his co-workers (10) examined a series
of American adult males habituated to a high fat
intake (that of the nation as a whole supplies a
mean of 38 per cent of calories), and observed a
sharp regular rise in cholesterol levels from youth
to late middle age (51 to 60 years), followed by a
recession of values. Onthe other hand, with other
workers, Keys (13) investigated the serum cho-
lesterol age trend of a comparable series of Italians,
who are used, inter alia, to a much lower fat in-
take (the mean national intake supplies about 20
per cent of calories) ; they found that the mean se-
rum cholesterol level began on approximately the
same plane, rose until the middle thirties when a
plateau was reached (12).

This last investigation stimulated us to determine
the age trend of serum cholesterol concentration in
groups of the South African Bantu, whose average
intake of fat is less than a half of that usual in the
United States, and also less than that consumed
by the Italian groups cited.

MATERIAL

Fat Intake

Among the Bantu of Southern Africa, maize, wheat,
and, in certain areas, "kaffir corn" (sorghum), together
with small amounts of legumes such as "cow peas"
(Vigna unguiculata), "sugar beans" (Phaseolus vulgaris),
"Jugo beans" (Voandseia subterrannea) are the staple
sources of calories: the fat intake is low (19-23). In
Johannesburg in 1941, Fox and Janisch (20) carried out
a study of African income and expenditure in 987 families,
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and reported an average daily consumption of 35 g. fat,
which supplied 17 per cent of the mean estimated calorie
intake. In a study carried out in 1951, du Toit (23) in-
vestigated the food intake of 100 families in an urban
Bantu township in Springs, near Johannesburg. Families
were selected to constitute a random sample, and observa-
tions extended over three months. The mean fat intake
per man unit per diem was 45 g., which supplied 14 per
cent of mean estimated calorie intake. (Daily diet pro-
vided a mean of 2,950 calories, and 84 g. gross protein.)
There is additional information on the food habits of these
urban and peri-urban Bantu population groups, which,
although based on less factual data, confirms the low pro-
portion of calories, certainly less than 20 per cent, which
are provided by dietary fat.

Subjects

Bantu subjects used for determining the age trend of
serum cholesterol. Wefound it impossible to collect blood
from persons pursuing their every-day life in the Bantu
townships around Johannesburg, the chief reason being
the reluctance of non-hospitalized natives to give blood.
Our subjects were chosen from patients attending Barag-
wanath Non-European Hospital (1,350 beds), which
serves Johannesburg and the surrounding townships.
The 218 persons examined included 167 men and 51
women, whose ages ranged from 15 to 93 years. Subjects
were mainly ambulant out-patients awaiting treatment for
minor surgical lesions, e.g., hydrocele, wounds, otorhino-
laryngal complaints, skin diseases, etc.; in the light of
present knowledge these conditions are not considered
likely to seriously affect general nutritional state or serum
cholesterol values. The number of elderly persons at-
tending out-patients departments, unfortunately, is small;
the majority of such subjects were patients with cataract
just admitted to hospital for operative treatment. All
subjects were in fair state of nutrition; there were no
cases of undernourishment or emaciation.

Bantu subjects from other South African territories (a)
Bechuanaland. The diet of the Tswana of South Bechu-
analand resembles that consumed by urban Bantu. Re-
ports by Squires (24, 25), together with our own impres-
sions, suggest that the consumption of "kaffir corn" is
probably higher, and possibly that larger amounts of meat
and vegetables are consumed. The average amount of
fat eaten is considered to be of the same order as in urban
areas. The above reports indicate that, speaking gener-
ally, the state of nutrition is reasonably good. At Lobatsi
and Kenya, blood samples were obtained from 38 sub-
jects, i.e., 23 male and 15 female subjects, their ages rang-
ing from 21 to 38 years, mean age being 30 years. Of the
male subjects, 10 were prison laborers, and 10 were agri-
cultural workers; the remaining three males and all
the females were attending out-patients departments (the
female subjects mainly on account of their children) in
the two centers mentioned. All subjects were in out-
ward good health.

(b) Basutoland Bantu. The indigenous Basuto con-
sume a diet of similar pattern to that of the urban Bantu,

except that their consumption of maize is higher and of
wheat lower compared with town dwellers (26). The in-
take of fat is not believed to be different. In Johannes-
burg, the Witwatersrand Native Labour Association Head-
quarters is the clearing station through which pass an-
nually about a quarter of a million Bantu mineworkers
before being directed to the different mines, where they
work for recurrent periods of about nine months. Blood
samples were obtained from 31 subjects immediately after
their arrival from Basutoland. Ages ranged from 21 to
40 years, mean age being 29 years. All subjects were
passed as medically fit.

Bantu consuming a partially Europeanized diet uith
higher fat content. Serum cholesterol values were de-
termined on 69 Bantu adult males from two local centers
of employment which provided rations for their workers.
The diets, although still containing a large amount of
cereal products, differed from those usually consumed
mainly on account of their higher energy and higher fat
contents, the latter being about 65 to 80 g. per diem and
providing 20 to 25 per cent of estimated calorie intake.
Ages ranged from 21 to 40 years, mean age being 31 years.
Subjects had been used to the diet for a minimum of one
month, though usually for a longer period. All subjects
were medically fit.

European control subjects. The European subjects ex-
amined were either on the staff of this Institute, or were
blood donors to the South African Blood Transfusion
Service. All persons were in a good state of health.
Two age groups were selected for study. The first, 21
to 30 years, numbered 55 subjects, with mean age 28
years. The second group 41 to 50 years, with mean age
46 years, was composed of 46 subjects. Unfortunately, no
recent dietary surveys have been undertaken on local
Europeans. In the family Budget Inquiry (27) carried
out in 1936, the middle income groups dwelling in Johan-
nesburg consumed a mean daily fat intake of 108 g. which
supplied roughly 36 per cent of the estimated calorie in-
take. In le Riche's study in Pretoria (28), the lower class
European group consumed a mean of 91 g. fat per diem,
which provided about 24 per cent of estimated calorie in-
take. Our impressions are that the fat consumption of
our European subjects differed little from that of the
corresponding strata of population found in the United
States, i.e., fat intake supplied at least 30 to 35 per cent
of calorie intake.

Time of Sampling
Blood was collected approximately mid-way between

breakfast and lunch time, except that about half of the
bloods of the Bantu consuming the Europeanized diet
were collected between noon and 4 p.m.

METHODSOF ANALYSIS

Serum cholesterol. Serum was shaken with the usual
Bloor mixture, and after evaporation, the extracted cho-
lesterol was determined by the Liebermann-Burchard re-
action, the final color being stabilized as described by
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TABLE I

Serum cholesterol data on Johannesburg Bantu of different age groups *

Minnesota data
Age Average Range of Mean and

groups age No. of serum S.D. Average Mean and
(years) (wes) subjects cholesterol values age S.D. values

20 18 25 99-224 155432 18 168431
21-30 26 45 88-236 166428 25 184434
31-40 38 40 92-265 169440 35 200443
41-50 45 54 85-240 179-37t 45 236i37t
51-60 54 28 73-252 184-39t 55 256+46t
60+ 68 26 103-283 183442t 70 225 42t

* Cholesterol values given in mg. cholesterol per 100 ml. serum.
t Means differ significantly (P < 0.01).

Sheftel (29). To obviate any uncertainty, the method
employed will be described in detail.

All glassware is thoroughly dried beforehand. Into
a 15 ml. stoppered centrifuge tube are put 8 ml. absolute
alcohol and 3 ml. ether; 0.2 ml. serum is added slowly.
After shaking for one min., the tube is allowed to lie hori-
zontally for one hour, and then centrifuged for 10 min. at
3,000 r.p.m. The supernatant liquor is poured into a small
flat-bottomed flask, and the alcohol-ether mixture evapo-
rated off at low temperature on a sand bath. When cool,
5 ml. dry chloroform are added, the precipitate dissolved,
and the solution poured into a small glass stoppered rea-
gent bottle. The standard solution, 5 ml. chloroform con-
taining 0.4 mg. cholesterol (prepared from stock chloro-
form solution containing 100 mg. per cent cholesterol), is
poured into a similar bottle. To each bottle is added 1
ml. glacial acetic acid and then 2 ml. acetic anhydride
containing 10 per cent sulphuric acid (this mixture is
freshly prepared on each occasion and cooled before use).
The green colors produced are allowed to develop in the

TABLE II

Serum cholesterol data on different Bantu and South
African European groups

Age Average
group age No. of Cholesterol

Race (years) (years) subjects values

Bechuanas 21-38 30 38 149+36*
(86-210)

Basutos 21-40 29 31 153437*
(94-221)

Johannesburg 21-40 31 85 167433*
Bantu group (88-265)

Europeanized 21-40 31 69 178136*
Bantu group (100-249)

South African 21-30 28 55 206-35
Europeans (145-322)

41-50 46 46 238i38
(186-328)

* The means of Bechuanas and Basutos are significantly
lov-er than that of the Johannesburg Europeanized Bantu
(F < 0.05).

dark for 30 min., and measured in a Hilger Spekker
Spectrophotometer using Spectrum Red filter 608.

The method followed records all color as cholesterol.
Hence, all values are very slightly too high because the
color intensity of cholesterol esters is greater than that
of free cholesterol (29).

Using this method, average difference between 100 du-
plicates was 5.8 mg. cholesterol, per 100 ml. serum. Fifty
determinations were carried out in parallel with Dr. W.
M. Politzer of the Routine Biochemistry Department of
this Institute, using the same method. The average differ-
ence between results was 6.2 mg. cholesterol per 100 ml.
serum. Finally, on taking five sera of cholesterol value
of about 150 to 170 mg. per cent, and adding pure cho-
lesterol sufficient to double this value, the mean recovery
rate was 98 per cent (range 95 to 101 per cent). With
five sera having values about 300 to 320 mg. per cent, and
treated correspondingly, mean recovery of added cho-
lesterol was 97 per cent( range 94 to 102 per cent).

Liver function tests. Determinations were made of
thymol turbidity (30), cephalin-cholesterol flocculation
(31), Takata Ara (32), and gamma globulin (33).

RESULTS

The results are summarized in Tables I to III.

COMMENT2

The American data cited refer to values obtained
when subjects were at basal condition. Accord-
ing to the findings of Keys and his co-workers
(10) the values we obtained are likely to be ap-
proximately 4 mg. per cent higher than at basal
state.

The age trend of serum cholesterol concentration
in the Bantu. Below 40 years, there is no statisti-
cal difference between the mean cholesterol values
of the Bantu and American age groups. After 40

2 Statistical analysis of our results was undertaken by
Mr. Walter Lutz B.A. of the Department of Mathematics
of the Witwatersrand University.
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TABLE III

Liver function data on different Bantu groups

Europeanized
urban
Bantu

Bechuanas Basutos group*

No. of subjects 38 31 57
Per cent showing liver

dysfunction 68 71 65
Mean serum cholesterol

in dysfunction group 151437 151439 180i37
Mean serum cholesterol

in group not showing
dysfunction 145L34 155-36 175+35

* The liver function tests on the Johannesburg Bantu
consuming the Europeanized diet were undertaken by Dr.
I. Bersohn and Miss C. D. Sussman, B.Sc. of the Diag-
nostic Department of this Institute.

The liver function data were obtained in an endeavor
to learn whether there was any correlation between pres-
ence of liver dysfunction and level of cholesterol concen-
tration. Initially, a subject was judged to show liver
dysfunction when the thymol turbidity value exceeded 2
units, the cephalin cholesterol (24 hour reading) and
Takata Ara tests were positive, and the gammaglobulin
concentration exceeded 1.25 g. per 100 ml. serum. Since
this classification revealed dysfunction present in 80 to 90
per cent of subjects, a re-grading was carried out in which
the thymol turbidity ceiling level was raised to 3 units,
and the gamma globulin to 1.40 g. per 100 ml. serum.
Subjects with liver function data equal to or below the
stated values were considered to show no or mild liver
dysfunction; the remainder, for the purposes of argument,
were regarded as having marked dysfunction.

years, the means of the Bantu groups are signifi-
cantly lower than the American means (P < 0.01).

The mean annual increments were computed as
the slopes of the least squares regression lines
fitted to the data over age groups showing no sig-
nificant curvilinearity, i.e., 17 to 45 years. The
slopes differ significantly (P < 0.01). The rises
in serum cholesterol per year are 0.378 + 0.89, and
2.29 + 0.180 mg. per 100 ml. serum, respectively,
for the Bantu and Minnesota groups. There is no
significant difference between the corresponding
origins, 141.7 and 127.7 mg. per cent respectively.

Cholesterol values of other Bantu groups. There
is no significant difference between mean cho-
lesterol values of the 21 to 40 age group of the
Johannesburg Bantu, the Bechuanas, and the
Basutos.

The mean cholesterol value of the 21 to 40 year
group of the urban Bantu consuming the Euro-
peanized diet is significantly higher than the values
for the Bechuanas and Basutos (P < 0.05), al-
though not for the Johannesburg Bantu.

Cholesterol values of the European groups. The
serum cholesterol value of the 21 to 30 year group

of South African Europeans, although slightly
higher, does not differ significantly from the cor-
responding American value. Likewise, our 41 to
50 year group does not differ from the American
group significantly in mean serum cholesterol
value.

Liver function tests. Among the three Bantu
groups examined (Table III) there is no signifi-
cant difference between the mean cholesterol values
of the sections showing little or no dysfunction,
and those showing marked dysfunction.

DISCUSSION

It will be apparent that the low fat intake of the
South African Bantu correlates with their low se-
rum cholesterol values. The factors that may share
in the responsibility for the correlation will now be
considered.

Race

Populations, both White and Non-White, who
are habituated to a low fat diet are marked by low
serum cholesterol levels. Furthermore, Snapper
(14) noted low values in poor Chinese in Peiping,
yet high values among commercial Chinese dwell-
ing in Indonesia. In addition, Verhoef (34) re-
ported low values among indigenous Javanese,
compared with normal values occurring in Javanese
who had been resident in Holland for some time.
Our Europeanized Bantu group on their higher
fat intake, had a higher mean cholesterol concen-
tration in the serum compared with the two rural
Bantu groups consuming their usual low fat diet.
Bearing these points in mind, we agree with van
Oye and Charles (16) in doubting whether the
racial factor has any relevance in the present issue.

State of health

Subjects in the main Bantu group examined
either were attending or were recently admitted
to hospital. Hence, understandably, their cho-
lesterol data may be treated with some reserve.
Nevertheless, our results reveal no significant dif-
ference between the serum cholesterol concentra-
tions of the 21 to 40 year age groups of the hospital
Bantu on the one hand, and the Bechuanas, and
Basutos on the other. Since all three groups were
believed to be accustomed to much the same pat-
tern of diet, and since the two rural groups were
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known to be in a good state of outward health, it
would seem that the complaints for which the
Johannesburg Bantu were attending hospital were

not markedly affecting their serum cholesterol
figures. It is therefore probable that the age trend
of serum cholesterol values observed in the hos-
pital Bantu group is likely to be equally valid for
Non-hospitalized Bantu pursuing their usual avo-

cations.
It is apparent that every-day good health as ex-

perienced by the Bechuana and Basuto subjects is
compatible with low serum cholesterol concentra-
tions.

Dietary factors
Fat intake. At first sight, it would seem reason-

able to consider that the low fat intake of these
people is likely to be primarily responsible for the
low cholesterol values observed. There are, how-
ever, a number of observations which preclude the
unreserved acceptance of this view: (a) The serum

cholesterol value of the Johannesburg Bantu on

the higher fat diet was less affected by the increase
in fat intake than was anticipated: actually, there
was no significant difference between the mean

cholesterol value and that of the Johannesburg
Bantu consuming their usual low fat diet; (b) In
a comprehensive Dutch study (35), it was found
that a diet of almost exclusively vegetable products
had the effect of reducing the mean cholesterol
value of 20 subjects, mean age 38 +,8 years, from
260 to 200 mg. per cent in three months, although
the diet was rich in vegetable fat-a mean of 108 g.

per diem, providing 36 per cent of calories; (c)
In a further recent Dutch study (36), the mean se-

rum cholesterol value of 55 strict vegetarians
("vegans"), of mean age 39 years, was found to
be 166 mg. per cent, although, here again, the fat
content of the diet provided no less than 34 per

cent of calorie consumption. In studies (b) and
(c), it is clear that a factor or factors other than
reduced or low fat intake were in operation. While
there is little doubt that the low fat intake of the
Bantu is implicated in the low cholesterol values
recorded, present knowledge allows no precise-

ness of incrimination.
Cholesterol intake. Certainly the cholesterol

content of the habitual diet of the Bantu is low in
comparison to the levels of intake that are com-

mon overseas. In America, the comprehensive

studies of Keys, Mickelsen, Miller, and Chapman
(5, 13) have demonstrated that alterations in cho-
lesterol intake have virtually no influence on se-
rum cholesterol value. Whether such results
would be equally demonstrated in the Bantu pat-
tern of diet, we are not in a position to say.

Caloric deficiency. Keys and his associates (4)
have critically examined reported data on blood
lipids in acute and semi-starvation. They con-
sider that the latter produces little if any change in
blood lipid levels except for a decrease in cho-
lesterol, which contrasts with the suggestive slight
increase in this component in acute starvation.
Unfortunately, there is little information avail-
able on cholesterol levels accompanying mild de-
grees of caloric insufficiency such as occur occasion-
ally at certain seasons with the Bantu of Southern
Africa. As noted earlier, upon altering fat in-
take only in diets of iso-caloric content, Keys,
Mickelsen, Miller, and Chapman (5) obtained
highly significant changes in serum cholesterol
concentration. But the influence of alterations in
caloric intake only in diets of iso-fat content has
been less thoroughly investigated. Walker (37)
has recently studied changes in various blood lipid
components of subjects during weight reduction
on diets already low in fat but of reduced calorie
content; he observed significant changes in cer-
tain lipo-protein fractions, although not in cho-
lesterol level. On this account we question
whether the possibly lower plane of caloric nutri-
tion exhibited by the subjects in this series is of
relevance in regard to the low cholesterol values
observed.

Pattern of diet. In relevant publications, of the
dietary factors considered, almost exclusive atten-
tion has been devoted to the roles of fat, choles-
terol, and calorie intakes, in influencing serum
cholesterol concentrations. The pattern of diet,
however, habitual to population groups displaying
hypocholesterolemia, is distinctive, and has not
been given the attention that it deserves. During
war-time, it is frequent for diets to fall in energy
value, protein (particularly animal protein), and
fat (particularly cholesterol) contents, and to rise
in carbohydrate and crude fiber contents. The
consumption of meat, dairy produce, eggs, fatty
foods and sugar usually goes down, but increases
occur in consumption levels of cereals and their
products, legumes, and vegetables. Speaking
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generally, this pattern of diet is much the same as
that of Non-White dwellers in tropical and semi-
tropical regions. One feature of the diet described
which may be of relevance is that it usually con-
tains a large amount of crude fibre, thereby con-
stituting a "high residue" diet, which contrasts
with a "low residue" diet, i.e., one based on refined
foodstuffs. In this respect, attention is drawn to
the two Dutch investigations cited above (35,
36); both diets consumed, which were relatively
high in fat, although associated with reduced or
low mean cholesterol values, were high in bulk-
forming capacity. Wemust point out that knowl-
edge of the effect of pattern of diet on cholesterol
synthesis, excretion into the bile, absorption and
re-absorption in the intestine, and loss in the stools,
is virtually nil. Investigations on certain of these
aspects have been initiated.

Summarizing, of the dietary factors, our impres-
sion is that, apart from low fat intake, there is a
factor or factors in the pattern of diet of the Bantu
possibly related to its high fibre content which
bears some responsibility for the low serum cho-
lesterol values observed.

Pathology and dysfunction of the liver

Hypocholesterolemia is the rule in advanced
forms of cirrhosis (38), a lesion commonly ob-
served among the South African Bantu, as with
many other indigenous populations of tropical
and semi-tropical countries (39-41). Local ob-
servers have the impression that cirrhosis is
present in approximately a tenth of the adult hos-
pitalized urban Bantu population. Moreover, in-
termediate degrees of chronic liver disease are
common (42), and certain liver function tests have
revealed widespread abnormalities affecting more
than half of the Bantu population (43). The
question naturally arises, to what extent this com-
monness of hepatic disease and dysfunction is re-
sponsible for the low serum cholesterol values ob-
served. Unfortunately, present evidence does not
permit a satisfactory answer to be given. How-
ever, regarding cirrhosis, we doubt whether its
incidence is sufficiently high to account for our
results. In relation to milder hepatic damage and
dysfunction, no information is available upon the
extent to which such states affect serum cholesterol
values, although a detailed investigation on this

subject is now in progress at this Institute (43).
Two of our findings, however, appear to be rele-
vant. Firstly, among the 69 Bechuanas and Basu-
tos, the biochemical tests undertaken revealed ab-
normalities in 48 (67 per cent); yet there was no
significant difference in mean cholesterol levels
between the groups with and without dysfunction.
Furthermore, of the Bantu group consuming the
Europeanized diet, 37 of the 57 subjects examined
(65 per cent) showed abnormality of liver func-
tion according to the criteria used; yet the groups
with and without dysfunction had mean cholesterol
concentrations which did not differ significantly
(Table III). Wetherefore suggest that hepatic
dysfunction and mild chronic liver disease are
little implicated in the low serum cholesterol values
obtained.

Pancreatic disease

Marked atrophy of the parenchymal cells of the
pancreas is common among Bantu infants and
young children, but such lesions are found to be
milder and much less frequent in adults (44). As
far as we are aware, no correlation has been postu-
lated between the presence of such lesions and al-
tered serum cholesterol concentrations. Hyper-
cholesterolemia is a feature of diabetes, but the
latter occurs very infrequently among the Bantu
population generally (39, 41). We thus con-
sider it unlikely that pancreatic disease is impli-
cated in the low serum cholesterol data obtained.

Non-dietary factors

Both Keys (13) and Groen, Tjiong, Kamminga,
and Willebrands (35) have referred to subjective
factors, such as mental over-exertion, emotional
tension, etc., in promoting hypercholesterolemia.
Wedo not know to what extent these factors in
the Bantu influence their cholesterol levels.

The uncertainties involved in the subject under
discussion are clearly apparent and indicate the
extent of the further investigational work required.
Nevertheless, we feel justified in believing that an
important influencing factor sharing responsibility
for the low serum cholesterol concentrations ob-
served in the Bantu is their habitually low fat in-
take. In addition, however, we have the impres-
sion that there is a factor in the pattern of diet,
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possibly its bulk-forming capacity, which bears
some responsibility.

SUMMARY

1. The South African Bantu, in common with
most indigenous populations dwelling in tropical
and semi-tropical regions, are habituated to a
diet, inter alia, of low fat content, averaging less
than a half of that consumed in the United States.

2. The age trend of serum cholesterol has been
investigated in 218 urban Bantu subjects, of ages
ranging from 15 to 93 years. Up to 40 years, the
differences between mean values obtained among
the Bantu and in Minnesota (Keys and his associ-
ates), are not significant; thereafter, the Bantu
data are significantly lower (P < 0.01). The re-
gression curves of the Bantu and Minnesota data
for the group from 17 to 45 years differ signifi-
cantly in slope (P < 0.05).

3. Groups of rural Bantu from other terri-
tories likewise accustomed to a low fat intake, and
in a good state of health, were also found to have
low mean cholesterol values.

4. Urban Bantu consuming a Europeanized diet
with an increased fat intake have a significantly
higher mean serum cholesterol concentration than
corresponding groups of rural (though not urban)
Bantu eating their usual diet with its low fat con-
tent (P < 0.05).

5. Discussion of the relevant evidence suggests
that racial differences, state of health, caloric de-
ficiency, low cholesterol intake, and pathology and
dysfunction of liver and pancreas bear little re-
sponsibility for the low serum cholesterol values
observed.

6. The main dietary influencing factor may well
be the habitually low fat intake of these people.
Impressions suggest, however, that further dietary
factor or factors are implicated, possibly related
to the high "residue" diet of these people.

ACKNOWLEDGMENTS

For co-operation in obtaining blood samples, we are
grateful to Dr. R. C. Pearson of the Witwatersrand Na-
tive Labour Association Hospital, Dr. B. T. Squires of
the Bechuanaland Medical Services, Dr. M. Shapiro of
the South African Blood Transfusion Services, and Dr.
A. Zoutendyk of this Institute. Miss D. C. Fletcher and
Miss E. S. P. Strydom, B.Sc. assisted with the later cho-
lesterol determinations. Weare also grateful to Dr. J.
F. Murray and Dr. F. W. Fox of this Institute for advice
and criticism.

REFERENCES

1. Cowdry, E. V., (editor), Arteriosclerosis: A Re-
view of the Problem, New York, The Macmillan
Co., 1933.

2. Brody, S., Nutrition in Annual Review of Biochem-
istry, Edited by J. M. Luck, Stanford University,
California, Annual Review of Biochemistry, Ltd.,
1935.

3. Rabinowitch, I. M., Clinical and laboratory experi-
ences with high carbohydrate-low calory diets in
treatment of diabetes mellitus. New England J.
Med., 1931, 204, 799.

4. Keys, A., Brozek, J., Henchel, A., Mickelsen, O., and
Taylor, H. L., The Biology of Human Starvation,
Minneapolis, The University of Minnesota Press,
1950.

5. Keys, A., Mickelsen, O., Miller, E. V. O., and Chap-
man, C. B., The relation in man between cholesterol
levels in the diet and in the blood. Science, 1950,
112,79.

6. Brull, L., et al., Les etats de carence en Belgique pen-
dant l'occupation allemande, 1940-1944, p. 286, Edi-
tions Soledi, Liege., 1945.

7. Simonart, E., La denutrition de guerre: ftude clin-
ique, anatomo-pathologique et thirapeutique, p.
262. Acta medica belgica, Bruxelles, 1947.

8. Gsell, O., Klinik und Pathogenise von Hungerkrank-
heit und Hungerodem in Hottinger, A., Gsell, O.,
Uehlinger, E., Salzmann, C., and Labhart, A.,
Hungerkrankheit, Hungerbdem, Hungertuberku-
lose, Basel, Benno Schwalbe, 1948, p. 121.

9. Schettler, G., Zum Einfluss der Ernahrung auf den
Cholesteringehalt des Blutes. Klin. Wchnschr.,
1950, 28, 565.

10. Keys, A., Mickelsen, O., Miller, E. V. O., Hayes,
E. R., and Todd, R. L., The concentration of cho-
lesterol in the blood serum of normal man and its
relation to age. J. Chin. Invest., 1950, 29, 1347.

11. Kornerup, V., Concentrations of cholesterol, total
fat and phospholipid in serum of normal man.
Report of a study with special reference to sex, age
and constitutional type. Arch. Int. Med., 1950, 85,
398.

12. Keys, A., Fidanza, F., Scardi, V., and Bergami, G.,
The trend of serum-cholesterol levels with age.
Lancet, 1952, 2, 209.

13. Keys, A., The cholesterol problem. Voeding, 1952,
13, 539.

14. Snapper, I., Chinese lessons to Western Medicine,
New York, Interscience Publishers, 1941, p. 160.

15. Bose, J. P., and De, U. N., Cholesterolemia in nor-
mal and diabetic Indian subjects. Indian J. M.
Research, 1936, 24, 489.

16. van Oye, E., and Charles, P., Contribution a l'etude
de la fonction hipatique chez le noir Africain. vi. La
cholestirolimie. Ann. Soc. beige de med. trop.,
1952, 32, 297.

1364



AGE TREND OF SERUMCHOLESTEROLIN SOUTH AFRICAN BANTU

17. Stone, W., The blood chemistry of normal Southern
Rhodesian Natives. Tr. Roy. Soc. Trop. Med. &
Hyg., 1936, 30, 165.

18. Squires, B. T., Observations on the blood chemistry
of the Bechuanas. South African J. M. Sc., 1941,
6, 53.

19. Tuberculosis in South African Natives with special
reference to the disease amongst the mine labourers
of the Witwatersrand. Publ. S. Afr. Inst. Med.
Res., 5, no. xxx, 1932.

20. Fox, F. W., and Janisch, M., A Study of African In-
come and Expenditure in 987 Families in Johan-
nesburg. Johannesburg, Native and Non-European
Affairs Department, 1940.

21. Kark, S. L., and le Riche, H., A health study of
South African Bantu school-children. South
African M. J., 1944, 18, 100.

22. Dietary Surveys in Rural Bantu Areas, Division of
Nutrition, Union Dept. of Health, Pretoria, Gov-
ernment Printer, 1952.

23. du Toit, D., Dietary survey amongst 100 Native fa-
milies in the Payneville Location, Springs. South
African J. Soc. Sc., In press.

24. Squires, B. T., The feeding and health of African
school-children. Univ. Cape Town Sch. Afr.
Studies, N. S. No. 20, May, 1949.

25. Squires, B. T., Nutrition in Bechuanaland. Bull.
W. H. O., In press.

26. Waterlow, J. C., and Webb, R. A., Pellagra in
Basutoland, Report of Survey, London, Colonial
Med. Res. Committee, 1947.

27. Report on Inquiry into Expenditure of European
Families in Certain Urban Areas, 1936, Pretoria,
Government Printer, 1937.

28. le Riche, H., Physique and Nutrition, Pretoria, van
Schaik, 1940.

29. Sheftel, A. G., Determination of total and free cho-
lesterol. J. Lab. & Gin. Med., 1944, 29, 875.

30. Maclagan, N. F., The thymol turbidity test as an
indicator of liver dysfunction. Brit. J. Exper.
Path., 1944, 25, 234.

31. Hanger, F. M., Serological differentiation of obstruc-
tive from hepatogenous jaundice by flocculation of

cephalin-cholesterol emulsions. J. Clin. Invest.,
1939, 18, 261.

32. Ucko, H., A serum test for the diagnosis of liver
disturbances. Guy's Hosp. Rep., 1936, 86, 166.

33. de la Huerga, J., and Popper, H., Estimation of serum
gamma globulin concentration by turbidimetry.
J. Lab. & Clin. Med., 1950, 35, 459.

34. Verhoef, A. W., Het cholesterol gehalte in het bloed
bij versckillende rassen. Diss., Amsterdam, 1920.

35. Groen, J., Tjiong, B. K., Kamminga, C. E., and Wille-
brands, A. F., The influence of nutrtion, individu-
ality and some other factors, including various forms
of stress, on the serum cholesterol; an experiment
of nine months duration in 60 normal human vol-
unteers. Voeding, 1952, 13, 556.

36. Donath, W. F., Fischer, I. A., Meulen van Eysbergen,
H. C., and de Wijn, J. F., Voorlopige mededelingen
omtren ein onderzoek naar de voedingstroestand
van phsonen, die zich uitoluitend met plantaardige
middelen voeden. Gezondheid, voeding en vega-
nisme. Voeding, 1953, 14, 153.

37. Walker, W. J., Relationship of adiposity to serum
cholesterol and lipoprotein levels and their modi-
fication by dietary means. Ann. Int. Med., 1953,
39, 705.

38. Man, E. B., Kartin, B. L., Durlacher, S. H., and
Peters, J. P., The lipids of serum and liver in pa-
tients with hepatic disease. J. Clin. Invest., 1945,
24, 623.

39. Gelfand, S. M., The Sick African, 2nd Ed., Cape
Town, Steward Printing Co., 1948.

40. Becker, B. J. P., Cirrhosis of the liver. The modern
concept. Leech, 1944, 15, 15.

41. Gillman, J., and Gillman, T., Perspectives in Human
Malnutrition. NewYork, Grune and Stratton, Inc.,
1951.

42. Higginson, J., Gerritsen, T., and Walker, A. R. P.,
Siderosis in the Bantu of Southern Africa. Am.
J. Path., 1953, 29, 779.

43. Higginson, J., Bersohn, I., and Hersowitz, L., Personal
communication.

44. Higginson, J., Personal communication.

1365


