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from three experiments in Shime, Japan, on Japanese
coalminers (Keys et al. 1957b).
We report here the serum-cholesterol responses to
different amounts of dietary glycerides of saturated (S),
monoethenoid (M), and polyethenoid (P) fatty acids
producing 9-44% of calories derived from fats. Besides
normal " house diets " and low-fat diets, the experiments
involved commercial grades of butter-fat, olive oil,
cotton-seed oil, corn oil, sunflower-seed oil, hydrogenated
coconut oil (’ Hydrol ’), sardine oil, safflower oil, several
varieties of margarine, and the mixed fats of ordinary
American diets.
Diets

of Physiological Hygiene of the Univers ity
of Minnesota, Minneapolis, and Hastings State Hospital,
From the Laboratory

Our aim was to obtain information about the effects of
Minnesota
the fatty acids in the presence of ordinary foods in mixed
diets ; so formula and synthetic diets were not used.
A SHARP decrease in the amount pf ordinary fats in th e
Calorie equilibrium was maintained at all times. The
usual American or Western European diet, without and7
calorie
requirements of the individual men at Hastings
e
amount
of
calories
or
lowers
tho
vitamins,
change in the
were estimated by measuring the intakes of food at
serum-cholesterol level. The fall is rapid in the first few"
constant body-weight during a control period of four
days, but after a few weeks there is an approach to a new
weeks before each of the series of experiments. In the
al.
et
et
Mellinkoff
al.
Groen
1950,
1950,
plateau (Keys
Shime experiments (Keys et al. 1957b) the change in the
et al. 1952, Keys 1952, Keys et al. 1955). Such low-fat
diet was an isocaloric substitution of fat (butter-fat or
diets usually contain less cholesterol and animal proteins,
one of two kinds of margarine) for 450 calories of rice
but the change in the serum-cholesterol level in man does
the regular diet of the men otherwise
carbohydrate,
on
this
fact
et
al.
not depend
1956b, Keys and
(Keys
being continued throughout ; there was no significant
Anderson 1957). The responsible agent is clearly either
change in body-weight.
in the quality of the fats or in the ratio of fat to carboThe diets in the Hastings experiments conformed to
calories.
hydrate
the general pattern of menus in the United States,
The most striking difference between an ordinary
American diet and a low-fat diet is in the amount of
37-42% of calories being from fats and 13-15% from
animal fat. The usual diets of 119 Minnesota businessproteins, and the day’s calories being apportioned
men were measured with great care in 1953-54 by a team
.roughly as 25%, 35%, and 40% for breakfast, luncheon,
Hnd dinner respectively. Seven rotating " house-diet "
headed by Miss Sadye Adelson from the U.S. Department
r nenus were devised so that the individual calorie requireof Agriculture Research Service ; they showed an average
ments were easily supplied by altering the allowances of
intake of 115 g. of fat, of which 85 g. was animal fat.
Diets containing very little fat may provide less than
jetm, sugar, potatoes, and bread. Similarly seven menus
of’
low-fat-base
diet were devised to resemble the
5 g. of animal fat (a decrease of 94%), whereas the
vegetable fat in such diets may amount to 15-20 g. (a ho’use diet except that the fats and the corresponding
calories were much decreased, the whole being arranged
decrease of 40-50%). A moderately low-fat diet for such
that either an experimental fat or carbohydrates
so
men would contain something like 50 g. of total fat, half
from animal sources, making a decrease of 5 g. of
(jam, sugar, potatoes, and bread) could be added to
vegetable fat and 70 g. of animal fat. Such a change in brir ig the total amount of calories to that needed for
diet quickly lowers the serum-cholesterol level.
equilibrium. These house and low-fat-base diets varied
It is tempting, then, to ascribe the effect of low-fat
sliglutly from one set of experiments to another, but the
nutr-ient contents are exemplified in table i as computed
diets to the decrease in animal fat, especially since some
vegetable oils given in large amounts in synthetic con- from average values for the nutrients in each of the food
items in each day’s menu.
coctions may depress the serum-cholesterol level (Kinsell
et al. 1952. Ahrens et al. 1954, Bronte-Stewart et al.
Tim low-fat-base diet provided an average of about
400 m g. less cholesterol daily than did the corresponding
1956, Beveridge et al. 1956). However, the free use of
vegetable fat in otherwise low-fat diets may raise the house diet, but variations of twice this amount of
serum-cholesterol level (Keys et al. 1950). Clearly the
chol,es terol are without effect on the serum-cholesterol
analysis of the effects of dietary fats on the serum- leveit (Keys et al. 1956b). The low-fat-base diet also
cholesterol should be made in terms of chemical comtend.ed to average 5-10 mg. lower in the daily tocopherol
contemt than did the house diet, but in unpublished
position rather than of origin.
Accordingly for the past six years we have conducted experiments we have found that even the addition of
controlled dietary experiments in the metabolic research
100 mg. of a-tocopherol to the daily diet has no effect
unit of the Hastings State Hospital, using diets with
on the serum-cholesterol level.
fixed adequate amounts of calories, proteins, and
The house and low-fat-base diets at Hastings were
vitamins but with different amounts and kinds of fats
matched in total proteins, and there was no major
closely
(Anderson et al. 1957). Most of the dietary comparisons
difference in the proportions of proteins frctm animal and
were made from both forward and backward dietary
vegetable sources in the two kinds of diets. This agreechange,s-i.e., changing from diet X to diet Y and vice ment was assured by the use of casein, egg-white, and
versa.
Standard periods on each diet were from two to
skim-milk 1;n the low-fat-base diets. In any case, large
nine weeks, usually four weeks. In all the experiments
differences in the amount of animal protein (:i:: 10% of
the experimental diets were preceded by at least four
calories in the form of casein) in such diets have no
weeks’ standardisation on fixed " normal " diets.
In
significant influence on the serum-cholesterol level of
each series of experiments 12-27 men were studied on
man (Keys and Anderson 1957).
each of two to six diets. In addition we have the data
Measurements of body-weight and of the foods eaten
* The data cited here were obtained with the help of research grants
by each man during the preliminary control periods at
from the National Dairy Council, Chicago ; the Minnesota
Heart Association ; the Nutrition Foundation, New York;
Hastings were used in estimating the calorie requirements
the American Heart Association ; the Schweppe Foundation,
to maintain equilibrium during the experimental periods.
Chicago ; the Winton Companies Fund : and Mr. David
These individual allowances were adjusted weekly, if
Winton, of Minneapolis.
"
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TABLE I-NUTRIENT CONTENTS OF REPRESENTATIVE HOUSE AND ]uOW-FAT-BASE DIETS IN THE HASTINGS EXPERIMENTS

needed, during the experimental periods according

to the

weekly (nude) body-weights. These
were made by changing the allowsugar, jam, potatoes, and bread. A change of
more in body-weight over an entire experiment

indications from the
calorie adjustments
ances

of

3

or

kg.

was

considered to indicate failure to maintain calorie

equilibrium.
At Hastings the men were under surveillance by
special attendants for 24 hours daily both in the quarterst
where they spent most of the time and during there
standardised outdoor recreation. Fixed recipes wer e
followed, all food servings were measured, and plate
waste and extra portions were recorded for each maja.
All experimental fats were purchased in large lots arid
stored in full sealed containers at &mdash;20&deg;C until used.
Other staple foods were similarly bought in large lots a nd
stored. Bread was baked on the premises. Fresh njjik
and eggs were procured from a constant local source.
The meals were prepared and served in a special diet
kitchen, used for no other purpose, within the metal)olic
In the Shime series the butter and
research unit.
margarines used were single lots, of which sealed san aples
were sent by air to the United States for analysis.

Analytical

Methods

Serum-cholesterol was determined in duplicate on
of venous blood drawn with the patient 3tt rest,

samples

in most cases on two occasions, a day or two apart, at the
end of each dietary period. These samples were analysed
in duplicate, and the average of the four resul ts was
TABLE

II-ANALYTICAL VALUES

DIETARY

OBTAINED

ON

FATS

’TSE,D

IN

EXPERIMENTS

taken to be the best estimate of the true value. The
method was that of Abell et al. (1952) modified by
Anderson and Keys (1956).
p-lipoprotein cholesterol
was also measured in most of the experiments by the
method of Anderson and Keys (1956) but the results
are not reported here.
The fat analyses were made by the methods recommended by the American Oil Chemists’ Society (1950).
For the experimental fats and oils values were obtained
for unconjugated dienes, trienes, tetraenes, monoenes,
saturated fatty acids, conjugated dienes, non-saponifiable
lipid, and the percentage of trans acids. Such detailed
analysis of the " sardine " oil (from Sardinops caerulea)
was not attempted, but the iodine and saponification
values of the oil used agreed well with samples of the
same oil analysed in detail by Brocklesby and Harding

(1938).
Subjects
The

"

Hastings were " stabilised schizophrenics
judged, on the basis of extensive examinations and tests,
to be physically and metabolically normal.t Men who
became ill or otherwise deviated, as well as those whose
body-weight changed as much as 3 kg. in an experiment,
were excluded.
66 men served. successfully as subjects.
They were aged 32-56, except 1 man in one experiment
who was aged 62. None of them was unusually thin or
fat, but on the average they were about 10% lighter in
weight than the average of Minnesota businessmen of
the same age and height (Anderson et al. 1957). Their
average height was 173.5 cm. (5 ft. 8 in.) and average
weight (nude) 69-8 kg. (10 st. 131/2 lb.).
At Shime the subjects were 18 Japanese men, aged
22-54 (average 39-8), working at their regular occupations
All were judged
as coalminers (Keys et al. 1957b).
clinically healthy on the basis of physical examinations
and blood analyses. None was unusually thin or fat.
Initially there were 21 Japanese, but 3 were discarded :
1 developed a cold with fever, 1 developed persistent
diarrhoea ascribed to the unaccustomed fat in the diet,
and 1 lost 2 kg. of weight.
men

at

Fatty-acid Composition

of

Experimental

Fats

The iodine and saponification values of the experimental fats and oils were measured in this laboratory,
and estimates of fatty-acid composition were obtained
from Bailey (1951), Eckey (1954), and Hilditch (1956) for
for each subject to participate in these trials was
obtained in writing from his nearest relative.
The trials
were conducted under careful and continuous medical
supervision, and the patients were at all times friendly
and cooperative.

tPermission
*

Fatty acid composition from Brocklesby and Harding (1 938) and
Hilditch (1956) for Sardinops crerulea oil of same iodine value.
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samples of the same fats having iodine values matching
samples used here. These values were used in
devising the diets.

TABLE

the

Detailed analyses of the fats were made on samples
of fats and oils sent to the Research and Development
Department, Miami Valley (Ohio) Laboratories of the
Procter and Gamble Co. ; Dr. J. C. Cowan at the
Northern Utilisation Research Branch (Peoria, Illinois)
of the Agricultural Research Service, U.S. Department of
Agriculture; and Dr. Raymond Paschke, Research
Laboratories of General Mills, Inc. (Minneapolis). Dr.
Ralph Holman, of the Hormel Research Institute, Austin,
Minnesota, measured the percentages of polyethenoids
independently in four kinds of fats.
Table 11 summarises the analyses of the experimental
fats and oils expressed as percentages of the glycerides
in the form of saturated (S), monoethenoid (M), and
polyethenoid (P) fatty acids. The last-named grouping
was adopted because of uncertainties of analysis and
identification within the polyethenoids and because, as
will appear later, a more elaborate classification of the
seems to be unnecessary for the present
These analytical results are in good agreement
with those previously published for the same fats an&egrave;I
oils with similar iodine values. Trans acids were negligibl e
except in the margarines.

polyethenoids

purpose.

Fatty-acid Composition

of Diets

From data published by Bailey (1951), Eckey (195 4),
and Hilditch (1956) and from a few special analyses of
foods used here a table was compiled for the aver age
fatty-acid composition (S, M, and P) of about 96%, of
the fats in the foods used in the Hastings and Minneal jolis

experiments.
The remaining 4%
vegetables and fruits
estimate fatty acids

of the dietary fat was in lo ,v-fat
for which it was impracticab lIe to
for every item separately.
The
average for this latter group of items was estimated to be
10% saturated, 30% monoethenoid, and 60% polyethenoid fatty acids, and these figures were applied in the
computations. Since only 4% of the total fa tt was
involved, at worst no more than trivial errors could
result.
In most of the diets used at Hastings the comi prisons
were between the effects of different test fats adc led to a
constant low-fat-base diet ; hence the only varis bble was
TABLE III-COMPARISON

AND ANALY: SED PEROF
S2 cTURATED
GLYCERIDES
MONOETHENOID, AND POLYETHENOID FATTY ACIDS IN DIETS
USED AT HASTINGS
CENTAGES

OF

OF

ESTIMATED

FATTY-ACID

IV-INTRA-INDIVIDUAL

CM JORIE

(MGt.

PER

100

ML.)

t 70-75% of the total dietary fat
e
f

experimental

fat

for

which

represented by the
analyses were

detailed

Available.

Direct analyses were made of the entire combined foods
of representative weeks of house and low-fat-base diets.
The procedure was to set a dummy place at each meal for
a week and to serve this dummy the specified amounts
of each item in the menu for that day. Each meal was
mixed and ground immediately after the food items had
been measured out, and the mixture was stored at
- 20&deg;C until the week’s collection was completed. At
the end of the week the entire collection of twenty-one
meals was thawed, mixed, and passed through a meatgrinder, a measured amount of water being added to
facilitate mixing. Checks of beginning and end weights
showed an average of 99-5% of food weight accounted
for.
Weighed portions of this diluted mixture were
mixed in a Waring blender. Portions of this final slurry
were frozen on the walls of wide-mouthed short flasks
and dried in vacuo from the frozen state. The dried
residue was saponified, acidified, and extracted with ethyl
ether.
After evaporation of the solvent in vacuo the
lipid was dissolved in petroleum ether and kept at - 20&deg;
until analysed.
Table ill gives the analytical results obtained in this
way from two weeks of house diets and from two weeks
of low-fat-base diets, together with the corresponding
composition computed by adding the estimated average
values for each of the foodstuffs. Table m also shows
the analyses of four experimental fat diets as served and,
for comparison, the corresponding values obtained by
adding the known values for the (analysed) test fats to
the estimates for the low-fat-base diets.
The estimated and analytical values agree very well,
particularly for the polyethenoids (P in table ill). For the
low-fat-base diets plus added test fats-i.e., experimental
diets as actually served (items 4, 5, 7, 8 in table 111)&mdash;
no discrepancy larger than 1% was observed.
With the
house diets the estimates tended to be slightly too low
for saturated fats (average -2-2%) and slightly too high
for monoethenoids (average -)-2-5%) ; these differences
approach the limits of analytical and sampling error for
fatty acids in such mixed fats.
"

Variability

in Serum-cholesterol Levels

Consideration of the
cholesterol levels and

Pure estimates versus direct analysis are shown fo r items 1, 2, 3
and 6. For items 4, 5, 7, and 8 analytical data om experimental
fats were used in both " Estimate " and " Analysis " values for
diets aa served.

VARIABILITY

OF SERUM-CHOLINDICATED BY VALUES
2 WEEKS APART IN MEN SUBSISTING IN
EQUILIBRIUM ON RIGIDLY CONTROLLED DIET

EST; EROL LEVEL
OBT ’AINED 1 OR

of estimates of serumof intra- and inter-individual
variability is essential for analysing the results of dietary
experiments. For this purpose we have 3336 cholesterol
analyses comprising 834 sets of measurements on 66
men at Hastings, each set consisting of analyses in
duplicate on each of two samples of blood drawn one or
two weeks :apart from 1 man subsisting on a controlled
fixed diet maintained for at least three weeks before
drawing the first sample. Table iv summarises this
material.
The standard error of measurement (s.E.M.)
in the 1668 pairs of duplicate analyses in this series is
:i:3.64 mg.. of cholesterol per 100 ml. of serum, calculated
from the faum of the differences between duplicates (A),
without regard to sign, as (S.E.M.)2 = YA2/2N. This is a
measure crf analytical error.
The variability of the men
is indicated by calculating the s.E.M. in the same way

reliability
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V-SERUM-CHOLESTEROL LEVELS * AT HASTIN GS ON
HOUSE DIET ON TWO OCCASIONS 1 WEEK APART AND CH ANGES
DURING SUCCESSIVE WEEKS ON LOW-FAT DIET

TABLE

multiplying coefficients that express the influence of S,
M, and P respectively per unit of those dietary factors.
On a different diet, everything else being the same, it
would follow that :

Cho1.2=a+bS2+cM2+dP2 ;
so

by
(2)

*

Mg. per 100 ml.

but using for A the difference between the means of the
values recorded for the first and second occasions ; this
gave s.E.m. =L 11-52 mg. per 100 ml., or &plusmn;6-04% of the
grand mean cholesterol level.
For comparison we have data from 38 American
soldiers maintained in the laboratory for a month on a
constant ration with rigidly standardised conditions of
exercise and rest. The intra-individual variability does
not significantly differ from that of the men at Hastings.
The variability between individuals is still greater, of
course, even when we are concerned only with clinically
healthy men of the same age, engaged in the same
activity, and eating precisely the same diet. The interindividual variability in the Hastings experiments is
indicated by the standard deviations of the mean values
at the ends of the experimental periods, these means
being computed from the averages for each man, for
whom two samples were analysed, each in duplicate.
The grand average of these standard deviations was
::f:: 33.58 mg. per 100 ml., or :E 14.7% of the grand mean
serum-cholesterol level.
Table v illustrates the intra- and inter-individual
variability as well as the variability in the serumcholesterol response to a change in dietary fat. This
experiment was selected for illustration because the
variability is about as large as is ever encountered in
these experiments, and because the experiment lasted
long enough to show the characteristic time course of the
A highly significant change in the serumresponse.
cholesterol level takes place within a week after a change
in diet fat ; by the end of the second week a relative
plateau is reached, and no further significant change can
be observed within the next month or two.

the change in the serum-cholesterol level is indicated
subtraction :
A Cho1.l> 2 =b(SCS2) +c(McM2) +d(PCP2)’

Table vn gives the 64 sets of such differences available
for the solution of equation 2. For the initial analysis
the data marked with asterisks were omitted because
(1) the effects of corn oil may not be fully explained in
terms of fatty-acid composition (Keys et al. 1957a) ;
(2) the polyethenoids in fish oils may not be comparable
with those in other foods ; (3) the men in Japan may not
be comparable with the men in Minnesota ; and (4)
preliminary analysis has suggested that hydrol may
require special consideration.
There were, then, 41 sets of comparisons available for
the initial analysis, 10 being in a single series, JWX.
Least-squares solutions of equation 2 were obtained by
t ,he method of matrices for these JWX data and,
Statistical tests
s eparately, for the 31 other sets of data.
sl’iowed that the regressions and the component variances
VI-AVERAGE PERCENTAGES OF TOTAL CALORIES FROM
(. HL.YCERIDES OF S, M, AND P FATTY ACIDS FOR EACH DIETARY
F’ERIOD AND MEAN (AND STANDARD ERROR) TOTAL SERUMC. IIOLESTEROL LEVELS AT END OF EACH DIETARY PERIOD

TA BLE

Experimental Data and their Analysis
The experimental data are summarised in table vi.
The fats in the diets are expressed as percentages of the
total calories contributed by glycerides of saturated (S),
monoethenoid (M), and polyethenoid (P) fatty acids.
Table vi gives the means (and standard errors) of serumcholesterol levels for the groups of men at the end of each
dietary period. The problem then is to discover whether
the differences between the serum-cholesterol levels on
these diets are systematically related to these dietary
variables, and how such a relationship is best expressed.
For a given group of men the average serum-cholesterol
level in calorie equilibrium on a given diet may be related
to the diet composition :

(1)

Cho1.1 =a+bS1 +c.M1 +dP1

where Chol. is the serum-cholesterol level in mg. per
100 ml., a is a characteristic of the particular group of
men, independent of the diet fat, and b, c, a.nd d are

*

Only fatty acids with 12

or more

carbons in the chain counted.
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were not significantly different ; so it was concluded that
pooling of the entire 41 sets of data would be legitimate,

and the following solution was obtained for the combined
data :
(2a) A Chol. 1-68 +2-76AS +0.05AM&mdash; 1.35&Dgr;P,
=

where A Chol. is in mg. per 100 ml.
of the contributions of the
testing
several coefficients it is found that, expressing these as
t values, we have for a, t=0-98 ; for b, t = 15-15 ; for
c, t=0.36 ; and for d, t==7-19. Since we have 37 degrees
of freedom (41-3-1), both band d make very highly
significant contributions to the prediction, but neither
a nor c is significant.
Accordingly, the third-order
equation (2) may be replaced by a second-order equation ;
On

the

significance

and, further, since the constant
may
pass

stipulate
through

solutions

(3)

were

a is insignificant, we
that the final regression equation should
the zero-zero origin.
New least-squares
then obtained for the equation :

&Dgr; Chol.=b&Dgr;S+d&Dgr;P,

for the JWX series, the remaining 8 series, and, since the
regressions and variances indicate homogeneity, the
combined 41 sets of data. The results of these calculations
are given in table vm.
The final result is :

(3a)

&Dgr; Chol.=2.74&Dgr;S- 1.31&Dgr;P.

The application of equation 3a to these 41 sets of data
yields the results shown in the accompanying figure.

TABLE VII-MEAN DIFFERENCES IN PERCENTAGES OF CALORIES IN DIETS PROVIDED BY GLYCERIDES OF (S), (M), AND
(P) FATTY ACIDS, TOGETHER WITH CORRESPONDING MEAN (&plusmn; STANDARD ERROR) DIFFERENCES IN SERUM-CHOLESTEROL
AT ENDS OF DIETARY PERIODS
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TABLE

VIII-VALUES OF COEFFICIENTS FOUND FOR EQUATION :
FOR THIS EQUATION OMITTING

A CHOL. =bAs +c&Dgr;M +d&Dgr;P AND
TERM FOR AM (I.E., C=O)

that the term " saturated acids " for the present purpose
refers to fatty acids with chain lengths of 12 or more
carbon atoms, the value for S in hydrol is decreased, as
indicated at the bottom of table vi, and computations
on this basis with equation 3a gives good agreement.
In the 3 hydrol comparisons (HYZ in table VII) the
observed values for &Dgr; Chol. are -110, -43.3, and
&mdash;46-1, and the predicted values from equation 3a, only
fatty acids of 12 or more carbons being considered, are
&mdash;9-8, &mdash;46-5, and ’-46.6respectively. Applying the
same convention
chain length to all the comparisons in table vn does not change any of the other
results appreciably.

regarding

Note that, for the construction of the

figure, the direction
of dietary comparison in each case was chosen so as to
provide positive values for observed &Dgr; Chol. Subtracting the diets in the opposite direction would yield a
corresponding figure running down into the lower lefthand quadrant of the X-Y plot.
The figure also shows, as barred circles, the application
of equation 3a to the 3 sets of data from the Shime
and, as solid circles, the 4 comparisons of
experiment
"
sardine " oil with other fats and oils (excluding corn
oil). The results of these 7 comparisons are all satisfactorily predicted from equation 3a.
However, test with 12 comparisons involving corn oil
shows that equation 3a consistently overestimates the
cholesterol values on the corn-oil diet by an average value
The leastof 11-0 mg. per 100 ml. (S.E.= &plusmn;0.89).
squares regression equation for estimating the observed
&Dgr; Chol. in a corn-oil diet comparison from the predicted
value from equation 3a is :
Observed &Dgr; Chol. = 11-53 +0-97

(predicted

&Dgr;

Chol.)

In other words, the average fall in serum-cholesterol
level in changing from butter-fat, house, low-fat, olive
oil, cotton-seed oil, or sunflower-seed oil to corn oil can
be estimated by calculating the predicted value from
equation 3a, multiplying by 0-97, and adding 11-53 mg.
per 100 ml. The observed serum-cholesterol values are
highly correlated with the (uncorrected) values predicted
from equation 4, the coefficient of correlation for the 12
comparisons being r=0.978. It appears that the correction is a simple additive factor uncorrelated with the
size of the observed &Dgr; Chol. ; in this series of 12 observations the mean &Dgr; Chol. range is 9-3-62-8 mg. per 100 ml.
In the hydrol comparisons (HYZ series) equation 3a
overestimates &Dgr; Chol. by an average of 26 mg. per 100
ml. This discrepancy might be related to the trans acids
in this hydrogenated fat, or perhaps the short-chain
fatty acids in coconut oil (about 18% of the total being
in 8- and 10-carbon chains),are responsible. If it is taken

’

Prediction from

only Total Fat and Iodine Values
In many situations it is easier to obtain information
about the total fat content of diets and the average iodine
value than to estimate the amounts of the several classes
of fatty acids. Can this more limited information serve
for prediction of &Dgr; Chol. ?
It is obvious that diets
amounts
of
fish
oils would not fit in
containing large
any such scheme because the higher degrees of unsaturation of the fish oils beyond the dienes does not seem to
be reflected in the serum-cholesterol level (Keys et al.
TABLE

IX-RELIABILITY

ESTEROL

OF

PREDICTION

(&Dgr; CHOL.)

TO

OF

CHANGE

INDICATED BY AVERAGE OF DISCREPANCIES

SIGN)

OBSERVED

&Dgr;

CHOL.

SERUM-CHOLIN

DIET

FATS

(DISREGARDING

AND &Dgr;

CHOL.

PRE-

(3A) &Dgr; Chol.=2.74&Dgr;s-1.31&Dgr;P, and &Dgr; Chol. predicted
total fat (F) and iodine value (J)
(5) &Dgr; Chol.=73.6(F1/J1-F2/J2).
All values in mg. of Cholesterol per 100 ml.

from

BETWEEN

DICTED

FROM

S AND P FATTY

ACIDS

But for other ordinary food fats the iodine
a mixture is related to the proportions of
saturated, monoethenoid, and polyethenoid fatty acids
in a fairly uniform way. If the average chain lengths
of the groups of fatty acids is 18 carbons, and if the
polyethenoid fatty acids are dienes (linoleic acid), we
have the formula :

1957a).

value of

.

Iodine value = 86 M’+ 173 P’,
where M’ and P’ refer to the proportions of these acids
(as glycerides) in the total fat. With most ordinary
diets, including low-fat diets and diets with added
ordinary food fats, equation 4 is a good approximation.
We have found good agreement between the iodine value
computed in this way and that measured directly on the
mixed fats extracted from an ordinary house diet.
Accordingly it may be suggested that, as a simple
approximation, the serum-cholesterol level should tend
to be directly proportional to the amount of dietary fat
and its average degree of saturation (or inversely related
to the degree of unsaturation).
And when the diet is

(4)

changed,
(5)

A Chol. observed vs. predicted from equation 3a: open circles, data used
in developing equation 3a; barred circles, Japanese coalminers; solid
circles, sardine oil.

RESPONSE

we

might
&Dgr;

have :

Chol.=k(F1/J1-F2/J2),

where F is the amount of total fat, J the iodine value of
that fat, and k a constant. For convenience we can
express F as the percentage of total calories provided by
fats.
To test this equation we have obtained the value for
k for the same 41 sets of dietary differences and observed
&Dgr; Chol. values we used in obtaining equation 3a.
The
mean value of k was 73-60, with a standard error of
&plusmn;7-38. When this value is substituted in equation 5
and the equation is applied to the 41 sets of experimental
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data, the mean discrepancy between observed and predicted values for &Dgr; Chol. proves to be almost three times
as large as found in the application of equation 3a to
the same data. The computations are summarised in
table ix.
The iodine value and total fat, expressed in equation 5,
however, do have predictive value, as shown by the
coefficient of correlation between &Dgr; Chol. predicted
from it and &Dgr; Chol. observed : r=0899. The corresponding correlation involving &Dgr; Chol. predicted from
3a is r=.0978.
The reason for the limited reliability of the computation
using iodine values is clear if we consider the coefficients
in equations 2b and 3a. If we have two diets with total
fats providing 40% of all calories in both cases but the
fats are made up of 10%, 80%, and 10% of S, M, and P
acids respectively in one case and 40%, 20%, and 40%
respectively in the other, the iodine values will be the
same. But from equation 2b we would predict that the
serum-cholesterol level would be higher on the second
diet by 17-2 mg. per 100 ml., since S1=4, S2 =16, P1=4,
P2=16, so &Dgr; Chol.1-2=2.71 (12)-131 (12)=172.

equation

Discussion

The prediction equations developed here apply only
to the conditions of these experiments&mdash;namely, adult
men aged 30-55, in calorie equilibrium, and with a
constant rate of energy expenditure, who are consuming’
diets containing 10-40% of calories from fats, with
periods on each diet of about two to four weeks. Moreover we are concerned with " control " serum-cholesterol
levels less than 300 mg. per 100 ml. on ordinary diets of
the type where S is about 18% and P about 4% of total
calories. Finally, these predictions are for group averages;
the reliability of individual prediction is low because
of the intra- and inter-variability noted above and because
the magnitude of &Dgr; Chol. for a given dietary change
tends to be related to the characteristic serum-cholesterol
level of the individual. Larger values for &Dgr; Chol. are
found in men with idiopathic hypercholesterolaemia.
The magnitude of &Dgr; Chol. from a given change in dietary
fat tends to be directly related to the intrinsic serumcholesterol level on a reference diet-e.g., one in which
8=18% and P=4% of calories.
It cannot be stated how well the numerical data which
have been developed here, including the values of the
coefficients in equations 3a and 5, will apply to other
groups of men and in other conditions. There are no
published data from experiments elsewhere that conform
precisely to the conditions of the present study. After
this work was finished the papers of Ahrens et al. (1957)
and Malmros and Wigand (1957) appeared. Though the
data published in these papers do not allow exact comparison, they seem to be at least in fair agreement with
the present results and with equation 3a.
The slightly aberrant results obtained with corn oil
merit comment. In experiments on animals Jones et al.
(1956) report a cholesterol-depressing factor in corn
oil not explained by its fatty-acid composition, and from
experiments on 57 men. Beveridge et al. (1957) conclude that at least part of the effect of corn oil in the diet
must result from something other than fatty acids. It
is significant that Ahrens et al. (1957) could not produce
a greater effect with safflower-seed oil on the serumcholesterol level than with corn oil. Very recently we
compared corn oil with safflower-seed oil in 141 university
students and found a slightly greater cholesterol depression on the corn-oil diet. Perhaps the sterol content of
the corn oil is responsible, as suggested by Beveridge
et al. (1957).
The total cholesterol responses to the diet reported
here are wholly explained by changes in the &bgr;-lipoprotein fraction, and this fraction alone is primarily

responsible

for the differences observed in

comparing

populations subsisting on different diets (Anderson and
Keys 1956, Keys et al. 1956a, Anderson et al. 1957, Keys
et al.

1957b).

As regards population comparisons, the question arises
whether the observed ’differences in mean serum-cholesterol levels can be predicted by applying equation 3a
to the dietary data. Most of these dietary data provide
only very rough estimates of the proportions of the several
classes of fatty acids, but it is clear that the observed
A Chol. is usually considerably larger than would be
predicted from equation 3a. The signs and relative
values of A Chol. are in general agreement, but the
magnitude is something like twice what would be predicted from these experiments. The most reasonable
explanation is that maintenance for many years on a diet
produces larger effects than result in a few weeks or
months.
The experiments reported here clearly indicate that
the saturated fatty acids, at least those of chain length
longer than 10 carbons, have about twice as much effect
in raising the serum-cholesterol level as the cholesterol
depressing effect of an equal amount of polyethenoids
or linoleic acid.
This being so, it is not surprising that it
is indicated that monoethenoids (oleic acid) have
relatively little effect on the serum-cholesterol level.
But that oleic acid has absolutely no effect, as indicated
in the derivation of equation 3a, cannot be concluded
with certainty, because in most of the diets the variation
in oleic acid is correlated to some extent with variations
in the saturated fatty acid. Experiments are now in
progress that should settle the oleic-acid question.
In any case it appears that the speculation that hypercholesterolaemia is simply a manifestation of a deficiency
of
essential " fatty-acids (Sinclair 1956) cannot be
supported. An excess of saturated fatty acids in the
diet seems to explain the high serum-cholesterol levels
in populations subsisting on luxurious American and
European diets. To lower the serum-cholesterol level
adequately a decrease in the intake of saturated fats
seems to be more important than an increase in linoleic
or other polyethenoids.
The mere addition to the diet
of small amounts of fats very rich in linoleic acid can
have very little effect, and the addition of amounts
adequate to have a real effect means an undesirable
increase in calories. Fortunately, substitution of one
type of fat for the other is both effective and acceptable
for dietetic practice.
"

Summary
of 12 to 27 men at a time were studied in calorie
balance in dietary experiments controlled so that each
man was maintained for 4 weeks of standardisation and
then for 2-9 weeks on each of 2-6 diets differing in fat
content, covering the range of 9-44% of calories from
fats, with an experimental fat usually representing about
three-fourths of the total fat.
Fats studied included
butter-fat, hydrogenated coconut oil (hydrol), olive oil,
cotton-seed oil, corn oil, sunflower-seed oil, safflower oil,
fish oil (Sardinops ccerulea), and the mixed food fats of
ordinary American diets. The intakes of fats, as percentages of total calories provided from glycerides of
saturated (S), monoethenoid (M), and polyethenoid (P)
fatty acids, were estimated for each man on each diet.
Statistical analysis of the serum-cholesterol levels at
the end of each dietary period yielded the least-squares
multiple regression equation for the averages of groups
of subjects :
A Chol.=2.74&Dgr;S&mdash;1.31&Dgr;P,

Groups

where A Chol. is the average change in mg. of total
cholesterol per 100 ml. of serum predicted from the
changes in the diet in S and in P, for all fats save corn
oil and hydrol.
The equation overestimates by an
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average of Img. per 100 ml. the serum-cholesterol level
on diets providing 20-30% of calories from corn oil.
The equation is satisfactory in hydrol comparisons if S
is interpreted to mean only fatty acids with more than
10 carbons.

Prediction of &Dgr; Chol. can also be made, but with less
accuracy, from :
A Chol.=73.6(F1J1-F2/J2),
where F is the percentage of total calories from all fats
and J is the mean iodine value of those fats. With the
group averages from 41 sets of dietary comparisons the
average discrepancy between A Chol. observed and
that predicted from this equation was 984106 mg.
per 100 ml. The corresponding averaging discrepancy
in Sand P was 3-65 &plusmn;0-46 mg. per 100 ml.
These equations are much more reliable for groups of
men than for individuals because of spontaneous interand intra-individual variability.
These experiments and their analysis offer no support
for the suggestion that a deficiency of essential fatty acids
produces the high serum-cholesterol levels characteristic
of populations subsisting on luxurious American and
Western European diets. Effective correction of these
high serum-cholesterol levels involves a decrease in the
most common fats in such diets and the secondary
substitution of fats high in polyethenoid fatty acids.
We are grateful for assistance in the statistical analysis to
Mr. Norris Schulz and Mr. Malempati Rao and in fat analysis
to the Research Division of Procter and Gamble Co., Cincinnati (Dr. Lloyd Beck, Dr. F. H. Mattson, and Dr. P. W.
Ifland) ; to Dr. J. C. Cowan, of the U.S. Department of
Agriculture laboratories at Peoria, Illinois ; Dr. Raymond
Paschke, Research Laboratories, General Mills, Inc., Minneapolis ; and Dr. Ralph Holman, Hormel Research Institute,
Mrs. Nedra Foster supervised the
Austin, Minnesota.
technicians who did the cholesterol analyses and collaborated
with Mrs. Helen Williams in devising recipes and menus and
in the dietary analyses.
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AN unexpected h&aelig;matological response to prednisolone
in a patient with megaloblastic anaemia who was being
treated for rheumatoid arthritis led us to investigate the
effects of prednisolone on untreated megaloblastic anaemia
in eight other patients.
In all but one of these its
administration was followed by restoration of normoblastic
erythropoiesis as seen in bone-marrow films.
Methods

Procedure
Before prednisolone was given, the chest was radiographed to exclude pulmonary tuberculosis. After a
period of observation had confirmed the absence of a
spontaneous haematological remission, the patients were
given 30 mg. of prednisolone daily by mouth in three
divided doses. The treatment lasted 3 weeks, except
that cases 4 and 7 were treated for a shorter period and
Potassium citrate 1 g. thrice
case 8 for a longer period.
daily was given concurrently. The patients remained in
hospital for at least a week after prednisolone had been
discontinued, and all were eventually treated with either
cyanocobalamin (vitamin B12) or folic acid. None had
had anticonvulsant therapy.

of Serum-vitamin B12
Cyanocobalamin (vitamin B12) was estimated by the microbiological method reported by Girdwood (1954), the test
organism being Lactobacillus leichnbannii. Normal values range

Estimation

from 130 to 750 &micro;&micro;g. per ml.

Absorption of 56 Co-labelled Cyanocobalamin
The faecal test of Heinle et al. (1952) was used. This
involves the measurement of unabsorbed radioactivity in the
faeces after an oral dose of 0-5 &micro;g. of labelled vitamin B12.
A faecal recovery of less than 55% of the radioactivity given
indicates normal absorption. In cases 7 and 8, where an
unexpected normal result was obtained, the test was repeated
using 1.0 &micro;g. of 56CO-B12 ; the urinary excretion method
(Schilling et al. 1955) was also used in these two patients.

Gastric Secretion and Gastric

Biopsy

The augmented histamine test (Kay 1953) was used after
the position of the stomach-tube had been checked fluoroscopically. Achlorhydria was considered to be present if the
pH of the gastric juice did not fall below 6 after the administration of 0-04 mg. of histamine per kg. body-weight (the
injection of histamine was preceded by one of mepyramine
maleate). Biopsy was performed with Wood’s flexible gastricbiopsy tube (Wood et al. 1949).

Folic-acid

Absorption

Test

The method used was that of Girdwood (1953, 1956). The
patient is first given 5 mg. of folic acid subcutaneously, and
then 5 mg. by mouth not less than 24 hours later. If there
is malabsorption, the urinary output of folic acid after the
oral dose is significantly less than after the injected one.
A healthy person absorbs and excretes in the urine more than
1-6 mg. of the 5 mg. oral dose. As this test involves the
administration of a therapeutic dose of folic acid it was
performed after the response to prednisolone had been
ascertained.

