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THE REGULATION OF THE HUMAN
SERUM-CHOLESTEROL LEVEL

By H. GORDON, M.D.(Cape Town)
Formerly Research Bursar, Clinical Nutrition Research Unit, Department of Medicine, University of Cape Town

Much of the present interest in cholesterol
arises out of its occurrence in atheromatous lesions
and the possibility that there may be a relation-
ship between elevated serum-cholesterol levels and
ischaemic heart disease. Cholesterol, however, is
present in all animal tissues and it has consider-
able physiological, pathological and clinical im-
portance. It is chemically related to several
biologically significant substances including cer-
tain hormones (progesterone, aldosterone and
cortisol), vitamin D, bile acids and the benzpyrene
group of carcinogenic hydrocarbons. It is an
important physiological constituent of myelin and
of the red-cell membrane, and it plays a major
role in lipid-transport in vivo. Pathologically, it
is prominent in gall-stones, in xanthomata and in
some chronic granulomatous lesions. In clinical
practice, low serum-cholesterol levels are some-
times found in chronic liver disease, in thyro-
toxicosis and in anaemia; more constantly levels
above the average are encountered in uncontrolled
diabetes mellitus, the nephrotic syndrome, myx-
oedema, biliary obstruction, Cushing's syndrome,
progeria and in some of the lipoidoses. Thus,
there are many incentives for studying the factors
which determine the level of an individual's
serum-cholesterol and the deviations which occur
from it.

The Constancy of an Individual's Serum-
Cholesterol Level
When repeated determinations of an individual's

serum-cholesterol level are made during the course
of an ordinary day's activity and eating, no signi-
ficant fluctuations are found (Boyd, 1935; Turner
and Steiner, I939; Keys, Anderson and Mickel-
sen, 1956). Several workers have shown, how-
ever, that when an individual's serum-cholesterol
is repeatedly estimated at intervals of a week or
more, quite substantial fluctuations often occur.
Our own investigations confirm this (Gordon and
Brock, 1958). Observations were made on a
group of professional and business men eating

ordinary diets and pursuing their usual activities;
in each subject, the serum-cholesterol level was
estimated on about io occasions at approximately
weekly intervals. The mean intra-individual
range (i.e. the difference.between each subject's
highest and lowest readings) was 44.8 mg. per
Ioo ml. The pooled standard deviation of the
serum-cholesterol level for the whole group was
14.7 mg. per Ioo ml., indicating that when re-
peated estimations are made of an 'average'
person's serum-cholesterol level, 95 per cent. of
the values obtained will be within 29.4 mg. per
1oo ml. of his mean value.

In some of our subjects, a second series of
determinations was made under the same circum-
stances about six months after the first. Fluctua-
tions of the same degree were noted during the
second series as in the first; but in almost all cases
it was found that the mean serum-cholesterol
level during the second period was nearly the same
as the mean level during the first period. This
observation confirms what Sperry had noted in
I937, i.e. that each individual has a 'character-
istic ' serum-cholesterol level but that fluctuations
may occur about this level.
Hence it is urged that several readings of an

individual's serum-cholesterol should be made
before deciding whether his level is above, below,
or within the average limits for his age, sex and
race. Serial determinations are also necessary in
studying the effect of dietary or other factors. In
this respect, the ' internally controlled' trial with
base-line observations both before and after the
experimental period is particularly valuable. If
such a procedure were more generally adopted,
much of the present confusion and contradiction
in cholesterol research might be avoided.

Endogenous Factors and the Serum-
Cholesterol Level
Genetic
Although the importance of hereditary in-

fluences in cases of essential hypercholesterol-
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aemia has been established for some time (Adlers-
berg, I95I; Wilkinson, Hand and Fliegelman,
1948), their role in determining the serum-
cholesterol levels of the general population is less
clearly understood. The serum cholesterol is
affected by so many environmental factors, that
the clear separation of the genetic influence from
'family habits' in related persons is extremely
difficult. Recently, an ingenious study by Schaefer,
Adlersberg and Steinberg (1958) has shed light on
this problem. Data from a survey of serum-
cholesterol levels in I,236 healthy persons,
including 775 members of 201 families were
analysed. There was no correlation between the
serum-cholesterol levels of fathers and mothers
but between father and child, mother and child
and between siblings, the coefficient of correlation
was highly significant; this may be interpreted as
indicating the importance of the genotype in
determining the serum-cholesterol level.

Further evidence of the role of genetic factors
is derived from comparative studies of somato-
types: Gildea, Kahn and Man (1936) and Gertler
and White (1954) found substantially lower serum-
cholesterol levels in those of ectomorphic (or
leptosomic) habitus than in the endomorphs or
mesomorphs. It is also probable that apart from
any direct influence on the serum-cholesterol
level, genetic factors may also account for the
variability of individual responses to the same
environmental factor.

Age
It is generally accepted that the serum-choles-

terol level increases with age, but opinions differ
about the age at which the peak level is reached.
For men, it has been variously put at 33 years
(Adlersberg et al., 1957), 45 years (Lindholm,
1956), and 55 years (Keys et al., I950). An
increasing serum-cholesterol level is not an
inevitable manifestation of the ageing process. In
Johannesburg, Bersohn and Wayburne (1956)
found that while White and Bantu babies at birth
had similar levels (means of 75 mg. per Ioo ml.
and 72 mg. per Ioo ml. respectively), the White
mothers had much higher levels than the Bantu
mothers (means of 258 mg. per Ioo ml. and I90
mg. per Ioo ml. respectively). Furthermore,
Pomeranze et al. (I957) have shown that babies
fed with an artificial soy-milk formula do not
develop the rapid increase in serum-cholesterol
level which usually occurs in the first few months
of life. Clearly then, environmental and genetic
factors may partly be responsible for the age-
increase in the serum-cholesterol level. The
annual increment in an individual's mean serum-
cholesterol, however, is small and is not important

in relation to the week-to-week and month-to-
month fluctuations about that mean.

Sex
The serum-cholesterol level in both men and

women may be lowered by the administration of
oestrogens (Eilert, 1953; Barr, I953). In women,
cyclical fluctuations of the circulating-cholesterol
level have been correlated with fluctuating oestro-
genic activity (Oliver and Boyd, I953). Thus, in
12 healthy young women, marked falls occurred
at the time of ovulation and just before menstrua-
tion, i.e. at the peaks of oestrogenic activity. In
six healthy men, no cyclical changes were ob-
served. It is presumably the activity of oestrogenic
hormone which accounts for the fact that women
often have lower serum-cholesterol levels than men
during the reproductive years of their lives
(Adlersberg et al., 1957; Lawry et al., 1957).

Exogenous Influences on the Serum-
Cholesterol Level
Climate

Geographical factors per se have little effect on
the serum-cholesterol level. Thus, in the Cape
Peninsula, White, Cape Coloured and Bantu
populations share the same climatic environment
but their serum-cholesterol levels differ consider-
ably (Bronte-Stewart et al., 1955). The effect of
seasonal changes on individual serum-cholesterol
levels is unknown: Currie (1924), in Glasgow,claimed that the levels were higher in summer
than in winter, but McEachern and Gilmour
(1932), in Canada, denied this; neither of these
two investigations was adequate, however, and
conclusions cannot justifiably be drawn from them.

Exercise
The low serum-cholesterol levels of under-

privileged races have been attributed by Mann
et al. (I955) to the greater physical activity of
these peoples; but from extensive epidemiological
studies in Italy, Sweden, the United States of
America, and South Africa, Keys and his asso-
ciates (1956) concluded that the activity of work
plays only a minor role in this respect. Only
limited experimental studies have been carried out
and it has been claimed that severe exercise may
prevent the expected rise in the serum-cholesterol
when either the dietary fat intake (Taylor, Ander-
son and Keys, I957) or the dietary caloric intake
(Mann et al., 1955) is increased. On the basis of
this rather fragmentary evidence, it is tentatively
concluded that varying physical activity may
partly account for otherwise unexplained fluctua-
tions in the serum-cholesterol level.
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FIG. i.-The week-to-week changes in the serum-cholesterol level accompanying infection, bowel
disorders and coronary insufficiency in active men on ordinary diets, with and without fat
supplements (from Gordon and Brock, 1958).

Smoking
The relation of cigarette-smoking and serum-

cholesterol levels has been studied in three surveys:
by Gofman et al. (I955) in California, by Bronte-
Stewart (1956) in the Cape Peninsula and by
Orma et al. (1958) in Finland. All three showed
significantly, but not very strikingly, higher levels
in smokers than in non-smokers. The reason for
this difference is not clear: it may be due, as
Bronte-Stewart has suggested, to the penchant of
heavy smokers for more savoury and hence more
fatty foods. Alternatively, there might be a
genetic link between a tendency to higher serum-
cholesterol levels and penchant for smoking.
Physical Stress
The effects of acute physical stress have been

studied under a variety of circumstances and the
results have not been consistent; for example,
brief immersion in very cold water produced an
increase in the serum-cholesterol level (Ralli et al.,
I956) but a ride on the human centrifuge did not
(Beischer, 1955). More protracted physical stress,
including surgical operations (Kyle et al., 1952),
cardiac infarction (Biorck et al., I957) and pneu-
monia (McQuarrie and Stoesser, 1932) usually
reduce the serum-cholesterol level. In the children
studied by McQuarrie and Stoesser, this reduction

occurred when the diet was kept constant.
In adults on various dietary regimes, Groen

et al. (1952) found that decreases in the serum-
cholesterol level occurred with upper-respiratory-
tract infections and with gastro-intestinal dis-
orders. We have noted similar effects and in
Fig. I some examples are shown of the changes in
serum-cholesterol level accompanying influenza,
pneumonia, gastro-enteritis and coronary insuffi-
ciency in subjects on their usual home diets with
and without fat supplements. It must be em-
phasized, however, that both in our experience
and from a perusal of the records published byGroen and his colleagues, it is not always possible
to distinguish the changes due to physical stress
from apparently' spontaneous ' fluctuations in the
serum-cholesterol level.

Emotional Stress
Attempts have been made to correlate fluctua-

tions in the serum-cholesterol level with changesin the stress of living. Rosenman and Friedman
('957) observed a group of accountants and found
that in the majority, the serum-cholesterol levels
rose during the periods of increased pressure of
work preceding business 'deadlines'; similarly,about half thp medical students studied byWertlake et al. (I958) had higher serum-choles-
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April 1959 GORDON: The Regulation of the Human Serum-Cholesterol Level 189
TABLE I.-THE SERUM-CHOLESTEROL LEVEL (S.C.) OF MEN IN THE FOURTH DECADE IN RELATION TO THE PERCENTAGE

OF THEIR DIETARY CALORIES DERIVED FROM FAT. A SUMMARY OF SEVERAL EPIDEMIOLOGICAL SURVEYS
Diets: S.C.

Country Population Group Fat cals. (mg. per) Author
_(%) 0oo ml.)

Italy
(Naples) .. i Firemen and police . .. 20 69 Keys et al. (1956b)(Bologna) .. 2 Firemen and police .. .. 30 194Spain
(Madrid) .. 3 Poor men .. .. 27 210 Keys et al. (I954)

4 Rich men . .. .. 40 254
South Africa

(Johannesburg).. 5 Bantu .. .. .. 14-20 179 Walker and Arvidsson (1954)6 European . .. . 35 238
(Cape Peninsula) 7 Bantu .... .. 7 i68 Bronte-Stewart et al. (1955)8 Cape Coloured. .. . 25 195 (see Keys et al., 1958)

9 European .. .. 35-40 242
India .. .. Io Low income .. .. .. 4-13 126 Gopalan and Ramanathan

11 High income .. .. .. 23-43 170 (1956)
Japan .. .. 12 Japanese farmers .. .. 0o 141 Keys (1957)

13 Japanese doctors .. .. 22 196 Keys et al. (1957a)
14 Japanese in Hawaii .. . 32 220
15 Japanese in Los Angeles, U.S.A. 39 246

Central America .. i6 Rural Guatemalans .. .. 8 144 Mann et al. (1955)17 Rural Costaricans ... . 2 170 Scrimshaw et al. (I957a)i8 Urban Guatemalans . .. 36 i86
19 Urban N. Americans .. . 40 233

Israel .. .. 20 Recent Yemenite immigrants.. i6 149 Toor et al. (1957)
21 Early Yemenite residents .. 21 194 Brunner and Libl (I957)22 Ashkenazi residents .. .. 35-40 231Sweden

(Malmo) .. 23 Firemen and police .. .. 38 237 Keys (1957)U.S.A.
(Minneapolis) .. 24 Firemen and police . .. 42 250 Keys (1957)England
(Slough) .. 25 All men.. .. .. .. 35 248 Keys and Keys (1954)

(The number preceding each population group refers to its position in Fig. z)
terol levels on the mornings of examinations than
at less turbulent times. It will be realized that
under such circumstances, changes in physical
activity and in eating and smoking habits also
occur, and until a procedure can be devised for
studying the effects of sustained emotional stress
in the absence of other variables, the case for this
factor as a cholesterogenic agent will remain
4 not proven.'

Diet
(a) CHOLESTEROL
Much of the pioneer work on experimental

atherosclerosis in rabbits was based on the results
of feeding large amounts of cholesterol; this
procedure regularly produced very considerable
increases in the serum-cholesterol levels of these
animals (Anitschkow, I933). Consequently, it
was assumed that in the human, dietary cholesterol
was similarly an important determinant of the
serum-cholesterol level. In recent years, how-

ever, several epidemiological and experimental
studies in man have failed to justify this assump-tion. For example, Keys et al. (1956) in comparingtwo matched groups of middle-aged Minnesota
men, found that the serum-cholesterol levels of
those habitually consuming a low-cholesterol diet
(mean, 401 mg. daily) did not differ materiallyfrom those whose diet was relatively rich in
cholesterol (mean, I,o0o mg. daily). A critical
experiment was carried out by Messinger et al.
(1950) when they showed that the addition of 30 g.
of cholesterol daily to the diet of five men produced
only a very small rise in their serum-cholesterol
levels. They also showed that the daily admin-
istration of x5o g. of egg-yolk powder (containing3.75 g. of cholesterol) produced a much greaterincrease in the serum-cholesterol level than 15 to
30 g. of crystalline cholesterol: clearly, the eggcholesterol was not responsible for the increased
serum-cholesterol level. These observations have
bleen confirmed by several workers, and there is
little doubt that, in man, the se:rum-cholesterol
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this graph was constructed are tabulated in
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cholesterol determinations except those in the
broken circles were made by the method of
Albell, Levy, Brodie anc Ke:ndall, T952.)

level is largely independent of the dietary
cholesterol intake.

(b) FAT
Total Dietary Fat: Since the end of the war,

Keys and his associates at the University of Min-
nesota have been carrying out an extensive ex-
perimental and epidemiological study of the factors
which regulate the human serum-cholesterol level.
Their early findings led Keys (I952) to postulate
that 'the major dietary factor which affects the
serum-cholesterol level is the total fat, or the
proportion of calories supplied by all fat metabol-
ism.' World-wide epidemiological studies pro-
duced evidence which seemed to support this
theory. Some of this evidence is presented in
Tablet and Fig. 2, in which it will be seen that in
most population groups studied the relationship
between the mean serum-cholesterol level and the
dietary fat-calorie percentage is almost a linear one.
Low Fat Diets: Other investigations, however,

failed to substantiate the pre-eminence of the total
dietary fat. In the first instance, the effects of
low-fat diets were often disappointing, very severe

restriction of dietary fat being necessary to produce
a moderate decrease in the serum-cholesterol level.
For example, in a group of 13 men, Anderson and
Keys (I953) achieved a fall of only 2I mg. per
o00 ml. by changing the fat content of the diet
from 140 to 70 g. (i.e. from 37 per cent. to I8.5 per
cent. fat-calories) for four weeks. In two large
series of hypertensive cases treated with the rice-
diet (which is almost fat-free), Kempner (I949)
and Starke (1950) reported decreases in the serum-
cholesterol level of 57 mg. per Ioo ml. and 71 mg.
per Ioo ml. respectively. It must be noted that in
these studies there was no control period and only
single estimations of the serum-cholesterol were
made before and after the use of the diet. On the
other hand, Hatch et al. (I955) conducted a more
elaborate investigation into this type of diet:
several estimations were made of the serum-
cholesterol level both during a control period and
during the various iso-caloric dietary regimes, all
of which were carried out in 40 hypertensive sub-
jects in hospital. Changing from 85 g. of fat to
55 g. and to 20 to 40 g. of fat daily did not signifi-
cantly decrease the serum-cholesterol level. Chang-
ing to the rice diet (3 g. of fat) for 4 to 20 weeks
produced a mean decrease of 33 mg. per Ioo ml.

Vegetable Fats: The second discrepancy in the
total dietary fat theory arose out of the observation
that all fats did not influence the serum-cholesterol
level in the same way. Thus, when Kinsell et al.
(I952) fed a number of hospital patients with
formula diets rich in vegetable fats, they observed
a marked decrease in the serum-cholesterol level.
At about the same time, in Holland, Groen et al.
(I952) compared the effects of an ordinary diet
with a high animal-fat diet and with a high
vegetable-fat diet: the highest serum-cholesterol
levels were found after the animal-fat diet, while
they were lowest after the vegetable-fat diet.
Similarly, it was observed that in vegetarians,
despite an habitually high intake of vegetable fats,
relatively low serum-cholesterol levels were main-
tained (Donath, et al., I953; Hardinge and Stare,
I954). In an inter-racial survey in the Cape
peninsula (Bronte-Stewart et al., 1955a) the
serum-cholesterol trends were paralleled by trends
in the animal-fat consumption. The vegetable-fat
intake showed no correlation whatever. It ap-
peared, therefore, that the cholesterogenic activity
of fats was limited to those of animal origin and
that vegetable fats either had no effect on the
serum-cholesterol level or actually lowered it.

UnsaturatedFats: In 1955, in this Department,
as a result of the above inter-racial survey a series
of dietary experiments was begun in which the
effects on the serum-cholesterol level of a large
number of different fats were studied (Bronte-
Stewart et al., I955b; Bronte-Stewart et al., I956).
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FIG. 3.-Normal Bantu male, 22 years old, studied in the metabolism ward. The introduction of
Ioo g. of hydrogenated coconut fat daily into his diet raised this serum-cholesterol level. The
further addition of Ioo g. of sunflower seed reduced the serum-cholesterol to basal level. On
stopping the sunflower seed oil, the serum-cholesterol increased again.

TABLE 2.-SOME COMMON DIETARY FATS AND THEIR
APPROXIMATE IODINE VALUES

Fat Iodine
value

Coconut oil . .. .. . 9
Cocoa butter .. .. .. . 38
Butter ... .. .. 40
Beef dripping (tallow) .. .. .. 45
Lard .. .. .. .. .. 60
Olive oil ........ . . 90
Peanut oil .... . . 98
Cottonseed oil .. .. .. .. 7
Corn oil .. .. .. .. .. 20
Whale oil .. .. ....... .. 20
Sunflower seed oil .. .. . 135
Soya bean oil .. .. .. .. 138
Safflower oil .. .. .. .. 145
Pilchard oil .. .. .. . 8o
Sardine oil .. .. .. .. 188

'The initial experiments showed that the cholesterol
decreasing effect of the unsaturated vegetable fat,
sunflower-seed oil, was shared by the unsaturated
marine-animal fats, pilchard oil and seal oil. But
when the unsaturated vegetable fat, peanut oil was
artificially saturated (hydrogenated) it tended to
behave like the saturated animal fats in butter,
tallow and beef, and increased the serum-choles-
terol level. F:i.a!ly, when the saturated and u:r.

saturated components of fractionated sunflower-
seed oil were fed separately, only the latter de-
creased the serum-cholesterol level, while the
former increased it. Bronte-Stewart and his col-
leagues (I956) concluded from these observations
that 'a possible common difference between
animal fats and hydrogenated vegetable fat, on the
one hand, and natural vegetable and marine oils,
on the other ... is in some way connected with the
proportion of highly unsaturated and saturated
fatty acids in the fats concerned.'
A larger series of similar experiments was con-

ducted by Ahrens et al. (i957) in New York, who
concluded that 'the differences in (the serum-
lipid) levels are directly related to the degree of
saturation of the glyceride fatty acids as easured
by the iodine value of the fat.' Thus, the more
saturated fats (i.e. those with the lowest iodine
value) have the most potent cholesterogenic ac-
tivity, while the more unsaturated the fat (i.e. the
higher its iodine value) the greater is its choles-
terol-decreasing effect. In Table 2 a number of
common fats and their iodine values are listed.

Further studies in this Department (Gordon
et al., I957) have shown that the cholesterol-
decreasing effect of sunflower-seed oil was not
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FIG. 4.-European male, 47 years with coronary heart disease, studied as an outpatient. After

control periods, 50 g. of sunflower seed oil or 50 g. of corn oil were taken as supplements to his
ordinary diet, for periods of 27 and 22 weeks respectively. During each fat-supplement
period, the serum-cholesterol level was reduced and the fall maintained. Note that these
changes in the serum-cholesterol level occurred despite a fall in weight during the sunflower-
seed oil period and a gain in weight during the corn oil period. (Each point on the serum-
cholesterol graph represents the mean of two consecutive readings of the serum-cholesterol
level.) (From Gordon and !Brock, 1958.)

impaired by heating it under conditions which
simulated domestic cooking; it was also shown that
when a saturated fat and an unsaturated fat are
fed together, the cholesterogenic effect of the
former may be abolished (Fig. 3). It was demon-
strated in a group of normally active men that the
addition of about 50 g. of an unsaturated fat to
their usual diet produced a significant fall in their
serum-cholesterol levels which could be main-
tained for as long as the unsaturated fat supple-
ment was consumed (Gordon and Brock, 1958)
(Fig. 4). In a group of io such men, an average
fall of 34 mg. per Ioo ml. was maintained for an
average period of six months; this fall was of the
same order which Hatch et al. (I955) achieved
with the use of the almost fat-free rice diet.

Chain Length: During the last three years,
workers in many parts of the world have confirmed
that dietary fats differ in their effect on the serum-
cholesterol level. No agreement has been reached,
however, on which characteristic of a fat deter-
mines its action. While the' degree. of saturation'
hypothesis of Ahrens is useful as a general guide,
it is not always possible to predict the effect of a
fat simply from its iodine value. Thus, Ahrens
et al. (1957) themselves noted that the cholestero-
genic action of cocoa-butter (iodine value 37) is
significantly less than that of ordinary butter
which has almost the same iodine value. They
noted that the component fatty acids of butter
have shorter chain-lengths than those of cocoa-
butter and they have suggested that in addition to
its iodine value, the saponification number of a

dietary fat (which is an index of the chain-lengths
of its component fatty acids) may also play a part
in determining its cholesterogenic effect.

Essential Fatty Acids: On the other hand,
Kinsell and Sinclair (I957) believe that those un-
saturated fats which decrease the serum-choles-
terol level do so by virtue of their content of
certain specific fatty acids, the so-called' essential
fatty acids.' The biological importance of these
acids in animals was first described by Burr and
Burr in I929 and they were defined as ' a group of
unsaturated acids which will bring about a re-
newal of growth of rats which have reached a
plateau on a low-fat diet' (Burr, 1942). There is
no direct evidence that the ' essential fatty-acid
deficiency ' syndrome of animals has a counterpart
in man, nor is there any unanimity of opinion
about which fatty acids are ' essential' for animal
growth. Only linoleic acid and arachidonic acid
appear on all the lists of essential fatty acids; the
former is a major constituent of all the vegetable
fats with cholesterol-decreasing properties. Any
isomeric modification of linoleic acid, however,
results in a loss of its activity and it should be
noted that in the process of hydrogenation, iso-
merization as well as saturation of fatty acids
occurs. Kinsell and Sinclair postulate that a rela-
tive deficiency of essential fatty acids in those con-
suming saturated fats increases the serum-choles-
terol level. Kinsell et al. (1958) have, in fact,
shown that 96 per cent. pure linoleic acid can
lower the serum-cholesterol level in man, but a
control investigation with its non-essential isomers
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iIG. 5.-Normal European male, 46 years old, studied as an outpatient. Note that on each occasion

the dietary calories were decreased there was a prompt loss of weight, which was sustained.
At the same time the serum-cholesterol level fell but the fall was not maintained. (Serum-
cholesterol recorded as ri Fig. 4.) (From Gordon arnd;rock, T958.)

has yet to be reported.
The Unsaponifiable Fraction: In contrast to the

above theories, which emphasize the importance
of the fatty-acid moiety, Beveridge and his asso
ciates in Canada have postulated that much of the
activity of a dietary fat is due to its unsaponifiable
fraction. The unsaponifiable fraction contains
sterols (including sitosterol), hydrocarbons (in
eluding squalene and the carotenoids), the vitamins
D, E and K, a number of waxes and phosphatides,
and other unidentified substances. Beveridge
et al. (I957a) believe that the activity of the un-
saponifiable fraction is due to its sitosterol con-
tent; on the basis of a large number of short-term
experiments with formula diets, they have claimed
that the cholesterol-lowering effect of corn oil can
be reproduced by its sitosterol equivalent. How-
ever, both Ahrens and his associates (1957) and
our group (Gordon et al., 1958) have found that
the cholesterol-decreasing effect of corn oil and
sunflower-seed oil is unimpaired when they have
been rendered very largely free from their un-
saponifiable fraction; furthermore, we have been
unable to detect any cholesterol-lowering effect
when the unsaponifiable fraction of either sun-
flower-seed oil or pilchard oil is fed alone. Some
workers have claimed that crystalline sitosterol
effectively lowers the serum-cholesterol level in

man. in these studies, most of which we:re
poorly controlled, about 15 g. of sitosterol daily
was required to produce an effect: this is equiva-
lent to the sitosterol content of about a litre of
corn oil daily. Recently, Riley and Steiner (I957)
carried out a carefully controlled study of sitosterol
in patients with coronary heart disease; in this
trial, doses of 19 to 52.5 g. of sitosterol daily for
one to six months produced significant falls in the
serum-cholesterol levels in only half of the patients,
the overall fall for the group being only 6.6 per cent.

It must be concluded from the above discussion
that, while there is no doubt that the consumption
of certain unsaturated fats will lower the serum-
cholesterol level, the factor or factors in these fats
which determines their activity is at present
unknown.

(c) CALORIES
Reducing Diets: Walker et al. (I953) have

claimed that caloric balance plays a major role in
controlling serum-lipid levels. Their own studies,
however, provide little support for this suggestionc
Thus, in their 39 subjects who consumed a diet of
1,250 calories (36 per cent. fat-calories) the average
weight loss was 19 pounds in io6 days; during
this period, the mean decrease in the serum-
cholesterol level was t7 Img. per Ioo ml. which is
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4000rCALORIC 4000r
3000 BASAL DIET FIRST CHO. SECOND CHO. FULLINTAKE S000UPBSEMTNT -SUPPLEMENT DIET

per day 2000
100

DIETARY FAT 50s
9./day

130 !
BODY WEIGHT 12

pounds "' "

110 .

220

200

SERUM- 180
CHOLESTEROL 160 / 0
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beta-lipoprotein 120
cholesterol o- .-o°-o o\ \ ,/ o_ - Q'
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FIG. 6.-Normal Cape coloured male, 45 years old, studied in the metabolism ward. 'The addition
of I,ooo dietary calories, all derived from sucrose, produced a slight weight gain (5 pounds)
but no change in the serum-cholesterol level. The addition of a further 500 calories derived
from sucrose produced a marked gain in weight (12 pounds in 25 days) and a slight increase in
the serum-cholesterol level. Despite the marked reduction in the dietary calories, the intro-
duction of animal fat into the diet produced a sharp increase i:n the serum-cholesterol level.

not statistically significant; in fact, those subjects
who lost most weight showed an increase in their
serum-cholesterol level. Other workers (e.g.
Poindexter and Bruger, 1935) have had inconsis-
tent results from reducing diets, the serum-
cholesterol level increasing in some subjects and
falling in others, while in studies on over-
weight women, both Young et al. (I953) and
Moore et al. (i954) found that weight loss was
often associated with an increase in the serum-
cholesterol level. Our own observations are
limited but seem to indicate that rapid weight loss
is accompanied by a fall in the serum-cholesterol
level which is not sustained; this is illustrated in
Fig. 5.

Starvation: The effects of complete starvation
on the serum-cholesterol level have not been
adequately studied. Partial starvation has been
investigated by Keys et al. (I950) in 36 conscien-
tious objectors who lived on a diet of 1570 calories
(17 per cent. fat-calories) for six months. The
decrease in the serum-cholesterol level was I7 mg.
per Ioo ml., which, although small, was statistically
significant.

Calorie Excess: There is no regular association

of serum-cholesterol levels with body weight. In
Minnesota, Keys (9I56a) found no significant
difference in the serum-cholesterol levels of over-
weight men and controls. In an inter-racial
survey in the Cape Peninsula, in which relative
obesity was measured on the basis of skin-fold
thickness, a correlation between obesity and serum-
cholesterol levels was found in Bantu men, but not
in Cape Coloured or White men (Keys, i956b).
Anderson et al. (I957) studied this problem ex-
perimentally in a group of men in an institution;
they found that when caloric increments were
introduced into the diet, the serum-cholesterol
level increased only during periods of rapid weight
gain. Our own observations, of which Fig. 6 is
an example, have confirmed this.

(d) PROTEIN
In controlled feeding experiments on hurhan

subjects neither Keys and Anderson (1957) nor
we (Gordon et al., 1958) were able to detect any
differences in the serum-cholesterol level when
low- and high-protein diets were compared. This
is in keeping with the epidemiological evidence
which shows no correlation between serum-
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cholesterol levels and protein intake in population
groups (e.g. Scrimshaw et al., I957). Recently,
however, Olson et al. (1958) claims to have pro-
duced a substantial reduction in the serum-choles-
terol levels of seven human subjects within a week
merely by reducing their protein intake from Ioo g.
to 25 g. daily. In this experiment total fat, but not
the quality of fat, was kept constant and these
findings require confirmation before dietary pro-
tein can be accorded a significant role in the
regulation of the human serum-cholesterol level.

(e) VITAMINS
Pyridoxine: Pyridoxine has been shown to

facilitate the conversion of linoleic to arachidonic
acid in vivo; hence, Sinclair (1956) suggested that
lack of this vitamin, by promoting a relative
' essential fatty acid' deficiency, may play a part
in increasing the human serum-cholesterol level.
But when Failey (I958) administered about 400 mg.
of pyridoxine daily (i.e. about Ioo times the
average human requirement) to a series of hospital
patients, reductions in the serum-cholesterol level
occurred in only some of the subjects and even
these were usually trivial.

Nicotinic Acid: Nicotinic acid has been reported
to lower the human serum-cholesterol level
(Parsons and Flynn, 1957). To produce this
effect, very large doses of nicotinic acid must be
given (3-6 g. daily) and its biologically active
analogue, nicotinamide, is inert is this respect. It
is clear, therefore, that the effect of nicotinic acid
is not that of a natural food factor and its action
is more of pharmacological than nutritional
interest.

Cyanocobalamin: In pernicious anaemia and in
the anaemias generally, low serum-cholesterol
levels occur (Bloor and MacPherson, 1917) and it
is of historical interest to note that before the
introduction of liver therapy, cases of pernicious
anaemia were often treated with cholesterol
(Campbell, I925). Muller (1930) found that when
an active haemopoietic preparation (liver, gastric
juice, etc.) was given to cases of pernicious anaemia
in relapse, the serum-cholesterol level rose sharply
with the reticulocytes before there was an increase
in the erythrocytes or haemoglobin. In two healthy
men, liver extracts were without effect on the
serum-cholesterol level.

Ascorbic Acid: Apart from a report by Anderson
et al. (i957) that the cholesterol-decreasing effect
of safflower oil is augmented by ascorbic acid,
the effect of this vitamin on the human serum-
cholesterol level is unknown.

Tocopherol: It has been suggested that the
cholesterol-decreasing effect of the highly un-
saturated fats may be due to their vitamin E
content (le Riche, I956). This cannot, however,

explain the efficacy of the marine oils, many of
which contain very little tocopherol (Lange, 1950).,
Neither Keys et al. (I957) nor Beveridge et al.
(1957) produced any effect with ioo or 200 mg. of
alpha-tocopherol daily and it must be concluded
that this vitamin has no direct action on the serum-
cholesterol level. Nevertheless, by virtue of its
function as a natural antoxidant, it maintains the
stability of vegetable oils and indirectly promotes
their cholesterol-decreasing effect.

(f) LIPOTROPIC AGENTS
'The success in the mobilization of lipids from

the liver in animals and man suggested to me the
possibility that the lipotropic agents might affect
blood cholesterol and cholesterol esters and phos-
pholipid levels .... .' (Herrmann, I947). This
somewhat specious rationale has been the basis of
large numbers of investigations into the effect of
lipotropic "substances on the serum-cholesterol
level. Many of these investigations have been
poorly conceived and their results are generally
unacceptable. To date, the lipotropic agents have
not been shown substantially to influence the
serum-cholesterol level.

(g) FIBRE
The average Bantu diet in Southern Africa is

relatively rich in crude fibre; Walker and Bersohn
(I957) have suggested that this may increase the
endogenous faecal fat excretion and indirectly
modify the serum lipid pattern of this race. Feed-
ing experiments in this department- have shown,
however, that only when the dietary fibre content
is artificially increased to unnatural levels does a
modest increase in faecal fat occur with a small
reduction in the serum-cholesterol level (Gordon,
1959). There is no evidence that the crude-fibre
content of ordinary diets affects the serum-
cholesterol level.

(h) MINERALS
In experimental animals, the effects of several

trace elements on the serum-cholesterol level have
been studied, but in man interest has mainly been
focussed on magnesium. In Johannesburg,
Bersohn and Oelofse (1957) found that Bantu have
higher serum-magnesium levels than age-matched
Whites; in the latter, the serum-magnesium and
serum-cholesterol levels were inversely related
though not in strictly linear fashion. Bersohn
(I958) has suggested that magnesium may have a
heparin-like action in lowering serum-lipid levels,
and Malkiel-Shapiro et al. (1956) have claimed that
weekly injections of i ml. of 50 per cent. mag-
nesium sulphate improves the abnormal serum-
lipid levels of patients with coronary heart disease.
This investigation, however, was poorly con-
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trolled and Sandler and McGregor (I958) were
unable to confirm its findings.
(i) ALCOHOL
During the course of a sociological study of a

series of elderly Londoners living at home on
ordinary diets, Hobson et al. (I953) found that
life-long teetotallers had higher serum-cholesterol
levels than those who habitually consumed at least
5 pints of beer daily. In an inter-racial survey
(Bronte-Stewart, 1957) it was shown that heavy
alcohol consumption was associated with lower
serum-cholesterol levels only in the poorer socio-
economic groups. It was suggested that this
association could result from a lower available
income for the more expensive foods rich in
animal fats.

Summary
i. Each individual has a' characteristic' serum-

cholesterol level which under normal living condi-
tions is fairly constant but around which marked
fluctuations may occur from week to week.

2. Genetic and hormonal factors and the in-
dividual's age play a part in determining his
serum-cholesterol level.

3. Among the environmental factors which
influence the serum-cholesterol level, the role of
the dietary fat is pre-eminent; in this respect, the
quality of the dietary fat is more important than
its cluantity.
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particularly if they lead to sustained reduction of
the serum cholesterol. This tentative conclusion
does not imply that unsuitable diets are the only,
or even the most important, cause of coronary
heart disease; it implies only that dietary modi-
fication can improve life expectation in people at
risk.' A rational basis for this treatment has been
provided in the demonstration that certain un-
saturated oils increase the excretion of cholesterol
as cholic acid several-fold (Lewis, 1958). It is
therefore suggested that people at risk should
reduce their total fat to something of the order
of 25 to 30 per cent. of calories and should sub-
stitute to a reasonable extent certain unsaturated
oils of vegetable and marine origin for at least a
part of their saturated fat intake; i.e. animal fats
and any fats which have been artificially hydrogen-
ated. Such a diet can with a little trouble be
made palatable and free from nuisance value to
the patient and his family (Gordon and Brock,
I958).

It is recognized that the diet consumed by
privileged western communities who have a high
incidence of ischaemic heart disease differs in
many respects, other than in quality and quantity
of fat, from the diets of uAderprivileged com-
munities in whom the disease is uncommon.

Any of these other differences might be contri-
butory, but the only difference which has yet been
shown to have a rational causative basis, through
its effect on serum lipid levels, is that which
underlies the recommendation for dietary modifi-
cation of quantity and quality of fat. In particular
carbohydrates, proteins and cellulose have com-
paratively little effect (Gordon et al, I958).

It should be emphasized that it is at present just
as likely that the beneficial effect of this type of
dietary modification is exerted through the pre-
vention of thrombotic occlusive episodes as
through its effect on serum lipid levels. It is
further emphasized that because of the uncer-
tainties and apparent conflicts which underlie the
whole story, the time is not yet ripe for any
general advice to populations at large on the con-
sumption of fats in relation to atherogenesis in
general. Action on an incompletely proven
dietary theory is, however, justifiable in the case
of myocardial infarction since it is a serious
disease, with increasing prevalence. Dietetics has
been a rich field for quackery and a hypothesis,
however responsible, must not be dressed up to
look like a fact. To-day's remedies may be
replaced to-morrow by new knowledge.
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