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Although many factors affect the serum lipid
levels in man, cholesterol and fat in the diet have
a most crucial influence. It has been known for
decades that cholesterol given with fat in the diet
would invariably elevate the serum cholesterol
concentration in experimental animals and ulti-
mately produce atherosclerosis (2, 3). Recently,
myocardial infarction on the basis of severe coro-
nary atherosclerosis has occurred in monkeys fed
a diet rich in cholesterol and fat (4).
We have reported previously that cholesterol

provided in a natural food greatly increased the
serum cholesterol and phospholipid levels in man
(5, 6). In these investigations, amounts of dietary
cholesterol from 475 to 4,800 mg per day caused
the same degree of increase in serum cholesterol
concentrations. Special care was taken in these
investigations to keep dietary fat constant in both
quantity and fatty acid composition, so that these
factors did not influence the results. Egg yolk,
with a cholesterol content of about 240 mg per
yolk, was a more potent hypercholesterolemic die-
tary component than pure crystalline cholesterol
dissolved in oil. Others who have investigated
the problems of dietary cholesterol in humans also
found that the cholesterol of butterfat and egg
yolk as well as pure cholesterol added to a vege-
table oil produced increased serum cholesterol
concentrations (7-11).

Changes in dietary fat may affect the serum
lipids in several ways. The amount of fat may be
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important. When fat in the diet is below 40 g per
day, the serum cholesterol concentration tends to
fall although the earlier experiments illustrating
this point did not always control other variable
factors (12). Another factor is the fatty acid
composition of the dietary fat. The substitution
of polyunsaturated fat for saturated fat in the hu-
man diet generally has led to a lowering of serum
cholesterol levels (13-18). Most investigators
who have altered dietary fat composition by sub-
stituting polyunsaturated for saturated fat have
used either cholesterol-free formula diets or diets
with reduced cholesterol content. The most comI-
monly eaten foods containing saturated fat, i.e.,
foods of animal origin, also have considerable
cholesterol. The vegetable oils, used for their
high content of polyunsaturated fatty acid, con-
tain no cholesterol but considerable sitosterol, itself
a serum cholesterol-lowering agent.
The possibly interrelated effects of these two

factors, dietary fat and cholesterol, have not been
studied in detail in human beings, particularly in
men eating diets of mixed, natural foods. Our
hypothesis was that dietary cholesterol is one fac-
tor which elevates the serum cholesterol level. On
the other hand, polyunsaturated fat substituted for
saturated fat has seemed to have a hypocholesterol-
emic effect. The purpose of the present study
was to examine the effects of dietary cholesterol
upon the serum lipids when the fatty acid com-
position of the diet was varied to provide differ-
ent intakes of saturated and polyunsaturated fatty
acids.

Methods

Subjects. Six men of average weight, ages 24 to 48
years, were kept for 16 weeks on a metabolic ward.'
Three men were healthy prison volunteers. The other

1 Subject 6, a diabetic subject, was obliged to with-
draw from the study after the conclusion of period II
because of illness in his family.
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TABLE I

Composition of the diets for the different dietary periods

Ratio of
Fatty acid composition Fatty acid composition polyunsatu-

(% of total fat) (% of total calories) rated to
Iodine saturated

number of Poly- Poly- fatty acids Phytosterol
Period Cholesterol dietary fat Saturated Oleic unsaturated Saturated Oleic unsaturated (P/S) content*

mg/day mig/day
I 729 63 39.9 50.6 9.5 16.0 20.2 3.8 0.24 209

II 0 64 37.4 53.1 9.5 14.9 21.2 3.8 0.25 237
III 0 100 18.6 50.0 31.4 7.4 20.0 12.6 1.69 265
IV 725 99 20.2 48.5 31.0 8.1 19.4 12.4 1.53 264

* The phytosterol content of the diet was calculated from the data (compiledl by Lange (19).

three had unstable, juvenile-type diabetes, requiring in-
sulin; they had had past episodes of acidosis and hypo-
glycemia. The previous diets of the prison volunteers
had been the usual American diet; the diabetic patients
had eaten previously the standard American Dietetic As-
sociation diabetic diet. On physical examination these
diabetic patients had evidence of two complications of
their disease, retinopathy and mild neuropathy. There
were no signs of renal disease in any of these individuals.
The health of all men remained constant for the duration
of the study. Each man exercised at regular intervals
each day. The three diabetic patients received insulin
daily with the objective of good metabolic regulation.

Dietary plan. Each man received a diet of mixed,
natural foods throughout four different dietary periods.
There were three main meals with small in-between meal

and bedtime feedings. The basal diet of 2,500 calories
contained 100 g of protein, 280 g of carbohydrate (largely
derived from cereals, fruits, vegetables, and skim milk),
and 110 g of fat. The fat content was 40% of the total
calories and always was derived from various mixtures
of fats containing only long-chain fatty acids. All diets
were designed to exceed minimal daily requirements for
minerals and vitamins. The actual calorie intake of each
man was calculated from his body build and estimated
energy expenditure in order that body weight would re-

main constant throughout the study. Thus three sub-
jects received 2,500 calories, and the three others 2,800,

3,000, and 3,200 calories, respectively. inlgredients of the
basic 2,500 calorie diet were increased proportionately
to supply calories above the 2,500 calorie level. The per-

centage of total calories derived from protein, fat, and
carbohydrate was kept similar in all diets. The phytos-
terol (sitosterols) content of diets in different periods
ranged from 209 to 265 mg per day (19).
The six men ate the four different diets in sequence,

each for a period of 4 weeks. These diets were designed
to differ only in fatty acid composition and cholesterol
content (Tables I and II). During period I, the diet
contained 729 mg of cholesterol, derived from egg yolk
and beef round steak. The fatty acid composition of
this diet was 39.9% saturated, 50.6% monounsaturated,
and only 9.5,% polyunsaturated. The fat of this diet
had an iodine number of about 63, similar to that of the
usual American diet eaten by the men before this study.
In period II, cholesterol-containing foods were replaced
in the diet by cholesterol-free foods. The fatty acid com-

position was kept virtually unchanged in each of the
major components by the use of suitable combinations of
vegetable fats. In period III, the diet remained cho-
lesterol-free, but the amount of saturated fatty acid was

reduced from 39.9% to 18.6%, and the polyunsaturated
fatty acid was increased from 9.5%o to 31.4%. The
amount of monounsaturated fatty acid was not changed.
The iodine number of the dietary fat thus increased
from 64 to 100. In period IV, 725 mg of cholesterol in

TABLE II

Food sources of cholesterol and fat fed in the different dietary periods

I II III IV

Dietary period Fat Cholesterol Fat Cholesterol Fat Cholesterol Fat Cholesterol

g mg g g g mg
Egg yolk 11.0 475 11.0 475
Beef round and suet 16.5 254 5.6 250
Olive oil 35.0 35.0 44.0 50.5
Cocoa butter 45.0 55.0 5.0 3.0
Soybean oil 5.0 30.0 20.0
Peanut butter 20.0 20.0
Safflower oil 10.0 20.0

Totals 112.5 729 110.0 0 109.0 0 110.1 725
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TABLE III

Mean serum lipid* values for different dietary periods

Period I Period II Period III Period IV
High cholesterol Cholesterol-free Cholesterol-free High cholesterol

Subjectt Iodine no. 63 Iodine no. 64 Iodine no. 100 Iodine no. 99

Cholesterol, mg/100 ml 1 209 171 167 191
2 252 208 195 213
3 260 188 200 218
4 201 187 149 178
5 187 147 158 212
6 177 147

Mean 213±34 175±24 174423 202±17
Change -38 -1 +28
p <0.001 >0.5 <0.02

Phospholipid, mg/100 ml 1 173 131 136 146
2 181 142 151 151
3 183 138 137 152
4 156 130 120 160
5 158 122 136 170
6 156 128

Mean 168±13 132±7 136±11 156±9
Change -34 +4 +20
p <0.001 >0.4 <0.05

Triglyceride, mg/100 ml 1 90 75 76 75
2 88 74 101 102
3 93 86 96 105
4 101 95 46 74
5 125 97 87 122
6 165 141

Mean 110±30 95i25 81±22 96±21
Change -16 -14 +14
p <0.01 >0.7 <0.2

* Computed on the basis of determinations made during the last week of each dietary period.
t Subjects 1, 2, and 3 are normal men; Subjects 4, 5, and 6 are diabetic men.

the form of egg yolk and round steak was added to the
diet, but the fatty acid composition and iodine number of
the fat remained the same as in period III.
Laboratory studies. Venous blood was drawn twice

weekly from each subject after a 14-hour fast. The
concentrations of total cholesterol (20), phospholipid
(21), and triglyceride (22) were determined in duplicate
on each serum specimen. The free fatty acid concen-
tration was measured in oxalated plasma (23). Venous
blood sugar was determined at regular intervals in the
diabetic patients, both when fasting and 2 hours after
meals (24). Twenty-four hour urinary sugar excre-
tion of glucose was measured in order to assess further
the state of diabetic control (25).

Results

The serum cholesterol concentrations of all six
subjects declined from period I to period II when
cholesterol was removed from the diet. This ef-
fect occurred despite a relatively saturated dietary
fatty acid composition that had an iodine number
of 64 (see Table III and Figure 1). The de-
crease in mean serum cholesterol concentration

was 38 mg per 100 ml (p < 0.001), an 18%
change. The serum phospholipid level declined 34
mg per 100 ml (p <0.001).
The serum lipids did not change during period

III despite an increase in polyunsaturated fat and
a decrease in saturated fat, giving a P/S ratio of
1.7. The fat of this diet had an iodine number
of 100, and the diet remained cholesterol-free.

In period IV, the addition of 725 mg-of dietary
cholesterol to the diet with an iodine number of
100 led to increased concentrations of the serum
lipids. The serum cholesterol concentration in-
creased 28 mg per 100 ml or 16%o (p < 0.02).
The serum phospholipid concentration increased
concomitantly.
The normal subjects and diabetic patients had

similar responses in the serum lipids when the
cholesterol content of the diet was altered. The
diabetic patients were free of ketonuria, but con-
tinued to have some glycosuria. Nearly all the
specimens of 24-hour urine contained less than 32
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FIG. 1. MEAN CHANGES IN SERUM CHOLESTEROL AND

PHOSPHOLIPID CONCENTRATIONS OCCURRING FROM DIETARY

PERIODS I TO II, II TO III, AND III TO IV. The solid bars
in the lower portion of the figure represent the serum

lipid changes. In the upper portion of the figure is in-
formation about the diets in the different periods: the
cholesterol content and the iodine number of the dietary
fat.

g of glucose, the usual range being 2 to 20 g.

The majority of blood glucose values signified
good control according to the criteria of Camerini-
Davalos, Root, and Marble (26). A minority in-
dicated only fair control, but none indicated poor

control. Neither the quantity of glycosuria nor

the concentration of blood sugar had a trend that
could be correlated with the different dietary pe-

riods. The fasting levels of plasma free fatty
acids in the diabetic patients varied from 483 to
733 1uEq per L without relationship to the different
dietary periods.
The mean serum triglyceride level decreased

slightly from 110 to 95 mg per 100 ml with the
removal of cholesterol from the diet in period II.
There were no significant changes in serum tri-
glyceride concentrations during the other periods.

Discussion

The results of this study emphasize again that
dietary cholesterol affects the serum cholesterol
level in man. In our two previous experiments,
dietary cholesterol elevated serum cholesterol con-

centrations in twelve healthy men when the iodine
number of the dietary fat was about 85 (5, 6).

In this study the presence or absence of dietary
cholesterol in an amount commonly eaten had a
definite effect upon the serum cholesterol and phos-
pholipid levels when the diet contained two differ-
ent fatty acid compositions with iodine values of
64 and 100.
Of particular interest was the finding that the

serum cholesterol concentration declined to 175 mg
per 100 ml in period II when cholesterol was re-
moved from the diet, despite a highly saturated
dietary fat composition obtained through the use
of cocoa butter. Malmros previously had observed
in one subject that a cholesterol-free formula con-
taining cocoa butter as the source of fat led to a
lowering of the serum cholesterol level (27).
Ahrens and associates have reported that two pa-
tients, No. 26 and 37 in their paper, had low se-
rum cholesterol concentrations with the fat derived
from cocoa butter but had considerable increase
in serum cholesterol with the change to butter fat
(16).
Another surprising result was that the serum

lipids did not change as the fatty acid composition
of the diet was made more unsaturated during the
change from period II to period III. The fat fed
in period III had an iodine value of 100 in contrast
to an iodine value of 64 in period II. According
to present day concepts, such a shift in fat compo-
sition should have produced a definite decrease in
serum lipid levels (12). Instead the mean serum
cholesterol and phospholipid concentrations re-
mained unchanged.

In explanation of these effects, we stress the
point that our subjects were receiving a choles-
terol-free diet in both periods II and III. Their
serum cholesterol levels had already been reduced
to a low figure by the previous removal of cho-
lesterol from the diet. Most other studies of this
problem have differed in experimental design from
our study in several ways. Some of the diets used
have contained cholesterol, since the importance
of this constituent may not have been considered
at the time (28, 29). In other experiments, coco-
nut oil, a fat having a very low iodine value, has
been compared with corn oil, highly polyunsatu-
rated. As Ahrens has pointed out, however, coco-
nut oil is composed largely of short-chain fatty
acids whose metabolism in the body differs greatly
from the metabolism of the long-chain fatty acids

Cholesterol
mg./da.

Iodine: of Fat

+40r

q-
(3

q) 0o
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of corn oil (12, 16). Studies of the contrasting
effects of coconut oil and corn oil will not provide
an answer to the "saturated versus polyunsatu-
rated fat" question, since these fats have fatty
acids of greatly different chain lengths. Butter-
fat contains both cholesterol and short-chain fatty
acids as well as long-chain saturated fatty acids.
Thus studies of "butterfat versus corn oil" in-
volve at least two additional variables in addition
to differences in the amounts of saturated and
polyunsaturated fat. Finally, the patients in other
studies of this problem have sometimes had a

profound degree of hypercholesterolemia, up to
500 mg per 100 ml (16). Patients with hyper-
cholesterolemia and xanthomatous disease may dif-
fer greatly in their metabolic responses from the
subjects of our present study whose serum cho-
lesterol levels were in a much lower range.

An additional explanation for the lack of change
in serum lipids from period II to period III when
dietary fat was made more unsaturated might be
that the degree of unsaturation (iodine value of
100) was simply not enough to produce the ex-

pected change, although the summary of Ahrens
suggests that fats like peanut oil (iodine value,
80 to 90) had no less serum cholesterol lowering
effect than corn oil (iodine value of 126) (16).
In most of these experiments, however, corn oil
is compared with a more saturated fat such as

palm oil. To our knowledge, in no previous ex-

periment involving a cholesterol-free diet was a

fat having an iodine value of 95 to 100 compared
with a more saturated fat with an iodine value of
60 to 70.
Two recent experiments provide a comparison

between fats having iodine values of 76 and 95
(30) and 38, 84, and 105 (10). In both experi-
ments cholesterol-free formulas were fed to nor-

mocholesterolemic subjects. The serum choles-
terol levels remained unchanged despite drastic
alterations in the fatty acid composition of the
diets.

Considerable emphasis has been placed upon the
development of formulas for the quantitative pre-

diction of shifts in the serum cholesterol concen-

tration when the fatty acid composition of the diet
has been altered. Keys, Anderson, and Grande
have stated that the change in serum cholesterol
level in mg per 100 ml equals 2.74 A S - 1.31 A P,

where S = the percentage of total calories derived
from saturated fat, and P = the percentage of to-
tal calories derived from polyunsaturated fat (28).
The application of this formula to the dietary

periods of this study led to the following calculated
results. From period I to II, the use of the for-
mula would predict no change in the serum cho-
lesterol level. As noted, the mean serum choles-
terol level actually declined 38 mg per 100 ml.
From period II to III, the application of the for-
mula would predict a decline of 32 mg per 100 ml
in serum cholesterol level. The actual change was
only 2 mg per 100 ml. Finally, from period III
to IV, with the formula, no change in serum cho-
lesterol level would be expected, whereas there was
actually an increase of 28 mg per 100 ml. Ap-
parently the cholesterol content of the diet was an
important factor not considered by this prediction
formula. These observations do not deny the gen-
eral validity of this formula but do indicate the
importance of another dietary lipid.

Summary

1) In diets of mixed, natural foods controlled
in fat content and composition, the presence or ab-
sence of cholesterol influenced greatly the serum
cholesterol and phospholipid levels in six men.
The removal of cholesterol from the diet produced
a decrease of 38 mg per 100 ml in the mean se-
rum cholesterol concentration despite a diet con-
taining a large quantity of saturated fat. The
addition of 725 mg of dietary cholesterol caused
an increase in the mean serum cholesterol concen-
tration even when the diet contained a high con-
tent of polyunsaturated fat.

2) The concentration of serum lipids remained
unchanged during two periods of cholesterol-free
diets when the fatty acid composition of the die-
tary fat was made more polyunsaturated and less
saturated (from an iodine number of 63 to 100).

3) The results of this study emphasize again the
important influence of dietary cholesterol upon
the serum lipids. The effects of changes in dietary
fat composition in the ranges tested were minor
in comparison to those caused by changes in the
dietary intake of cholesterol.

4) The serum lipids of both healthy men and
diabetic patients responded similarly to these
dietary changes.
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