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EARLY IN 1968 we completed an eight-
year institutional trial of dietary preven-

tion of coronary heart disease and other
complications of atherosclerosis. The chief
characteristic of the experimental diet was
substitution of unsaturated for saturated fat.
The subjects were elderly and middle-aged
men. The results are presented in this report.

Background
During the late 1950s progress along three

lines of investigation made it increasingly ap-
parent that the time was ripe for testing
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whether coronary heart disease and other com-
plications of atherosclerosis could be pre-
vented by dietary means. First of all, in-
ternational cross-sectional epidemiological
studies such as those of Keys and his co-
workers pointed to a general relationship link-
ing abundance of dietary fat with high serum
cholesterol levels and with a high incidence of
coronary heart disease." 2 Second, prospec-
tive studies within communities, such as the
Framingham study,3 demonstrated a clear
and significant relationship between serum
cholesterol level in the apparently healthy in-
dividual and the subsequent likelihood of his
developing coronary heart disease. Third, nu-
tritional studies clarified the manner in which
quantity and type of dietary fat affect the
human serum cholesterol level,4' 5 thus in-
dicating how this level might be manipulated
by dietary means.
As information along these lines developed,

many investigators proposed that habitual in-
take of abundant saturated fat of animal origin
was a causative factor in atherosclerosis and
coronary heart disease. This was, however,
only hypothesis; epidemiological relationships
do not prove causality. The hypothesis was
nonetheless attractive, and led to the further
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proposal that modification of serum cholesterol
levels by dietary and other means might retard
atherogenesis and thereby delay or prevent
its complications.
However plausible these proposals, certain

reservations were similarly clear. Was it not
likely, for example, that at some point in the
progress of the disease the stage of prevent-
ability would have been passed? Indeed, data
from the Framingham Heart Study indicated
that the gradient of coronarv heart disease
(CHD) risk with increasing serum cholesterol
is less steep in men aged 50 to 59 years than
in men under 50.6 Was it not possible, too,
that a diet high in unsaturated fat (which ap-

peared the most attractive modality for a test)
might have noxious effects wvhen consumed
over a period of many years? Such diets are,

after all, rarities among the self-selected diets
of human population groups. Thus there had
been little casual experience with them and
practically no long-term experimental experi-
ence when xve planned this study.
Faced with these considerations and work-

ing in an institution which included a 2,600-
bed veterans' domicile, ve began in 1957 to
consider the desirability of carrying out a field
trial in this Center. Certain advantages of this
institution commended it for this purpose. The
length of stay among domiciled men was rel-
atively long. The situation was favorable for
serving controlled meals in which the charac-

teristics and composition could be monitored.
It would also be possible to monitor adherence
of the subjects to the diet. It appeared too that
we would be able to randomize a study pop-

ulation into control and experimental groups

and apply to this nutritional problem the
double-blind technique which had been so ef-
fectively employed in drug trials. The chief
disadvantages vere that the potential partic-
ipants were relatively old-and therefore per-

haps beyond the postulated point of prevent-
ability-and that normal institutional turnover,
even in this chronic-care facility, would result
in a disturbingly high loss of subjects for fol-
lowv-up. Hoxvever, the opportunity for carrying
out a trial under relatively rigorous control
seemed so attractive as to override these dis-
advantages.

General Outline of the Study
Methods

Middle-aged and elderly male veterans living
in the Los Angeles Domicile were asked to volun-
teer for the study. After baseline evaluation, the
subjects were allocated at random to either of two
groups. The control group received a conventional
diet wvith the composition stabilized at the insti-
tutional level prevailing at the start of the study.
It contained 40% fat calories, and its fat had an
iodine value of about 55. The experimental diet
was designed to achieve substitution of unsatu-
rated for saturated fat to the nmaximal degree com-
patible with palatability; the resulting iodine value
was to be kept at about 100. The experimental diet
was also moderately reduced in cholesterol con-
tent.

Adherence was monitored by maintaining
dining-room attendance records. A double-blind
technique was used. Systematic surveillance was
maintained for complications of atherosclerosis in
the coronary, cerebral, and peripheral circulations.

Subjects and Recruiting
Recruitment was carried on continuouslv from

the summer of 1959 to early 1967. Most of the
subjects, however, were recruited in the first two
years. Participants were recruited from men who
had been in the Center for two months or longer.
Individuals were excluded if they wvere known to
be alcoholics, if they had presented behavior
problems, if they were on therapeutic diets, if
there were major problems of communication, if
they had a known disease likely to result in death
wvithin five years, or if they were below 55 years
of age.* Each potential subject was interviewed
and given a brief outline of the program. Only
mild persuasion was employed. A total of 1,095
men volunteered for the study, but exclusions and
dropouts during the several weeks before assign-
ment to diet reduced this number to 846.

Of the 846 participants who were assigned to
study diets, 422 were randomized into the control
group and 424 into the experimental group. Ex-
cept as noted, all data involve this total study
population., regardless of the subsequent level of
participation.
Demographic data are recorded in tables 1, 2,

and 3. There were small differences in the age
distributions, with more septuagenarians in the
experimental group and more octogenarians among
the controls, but mean age was the same for both
groups (table 1). Geometric mean age for the
control group was 65.6 years; for the experimental
group, 65.4 years. Racial characteristics (table 2)
and religious affiliations (table 3) wvere equally
distributed between the two groups.

*Men less than 55 years of age generally remain
in the Domicile for less than one year.
Supplement I1 to Circulation. Volr. XYXYX'X ZJ.Y T-A, 1O,/-
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Table 1

Age at Initial Examination

Number of subjects
Age

(years) Control Experimental

50-54 1 2
55-59 62 61
60-64 138 139
65-69 119 119
70-74 59 67
75-79 22 24
80-84 12 9
85-89 9 3

Total 422 424
Chi2 = 5.42; P > 0.6

Table 2

Race of Participants

Number of subjects

Race Control Experimental

Caucasian 383 382
Negro 29 31
Oriental 4 3
Mexican 4 4
Other 2 4

Total 422 424

Chi2 = 0.87; P > 0.9

Table 3

Religion of Participants

Number of participants

Religion Control Experimental

Protestant 286 289
Catholic 115 103
Jewish 16 20
Other 3 5
None 2 7

Total 422 424

Chi2 = 4.39; P > 0.3

Pre-existing complications of atherosclerosis
were not disqualifying. Thus this was a combined
study of primary and secondary prevention.*

*Primary prevention in this context usually implies
prevention in subjects initially free of any manifesta-
tion of CHD; secondary prevention refers to preven-
tion of recurrent CHD events in individuals who have
already had one or more overt manifestations of the
disease.
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Introduction of Subjects into the Study
Each accepted volunteer had an initial history,

physical examination, and 12-lead electrocardio-
gram. Smoking habits were evaluated by a ques-
tionnaire. Two fasting blood samples were ob-
tained two weeks apart for baseline measurements
of total cholesterol and total lipid. The subject
was then assigned to either the control or the
experimental group by use of a table of random
numbers.

Criteria for Grading of Cardiac Decompensation
The grading of decompensation, if present, was

based primarily on dyspnea and/or fatigue judged
by the physician to be due to congestive heart
failure. The grade was that of the patient's worst
status during the month preceding examination.

Class 0: No dyspnea or fatigue under any cir-
cumstances.

Class 1: Dyspnea or fatigue with heavy exer-
tion; or subject denies dyspnea and
fatigue but displays physical evidence
of congestive heart failure.

Class 2: Dyspnea or fatigue with moderate
activity.

Class 3: Dyspnea or fatigue with minor activ-
ity.

Class 4: Dyspnea or fatigue at rest (not in-
cluding episodes attributable to re-
cumbency).

Add to the above class 1 unit for digitalis or
diuretics (any at all in the past month); add 2
units for both types of drugs in the past month.

Choice of Diet and Mode of Food Service
The circumstances of this trial-in particular

the fact that most of the subjects were not highly
motivated toward self-deprivation-rendered it
mandatory that both diets be highly palatable by
conventional criteria. It appeared on culinary
grounds that a staff skilled in dietetics, with some
industrial help on certain food products, could
achieve a diet closely simulating the conventional
institutional diet if, and only if, the total amount
of dietary fat remained nearly unchanged. This
restriction led to a decision to test a replacement
of the saturated animal fats and hydrogenated
shortenings of the conventional diet by equal
quantities of unsaturated fat in the form of vege-
table oils in the experimental diet. Because of
uncertainty at the start of the trial about the im-
portance of dietary cholesterol content, this was
decreased as a secondary modification. A pilot
study demonstrated that a varied and palatable
diet could be developed in line with these spec-
ifications and that it was acceptable to most
potential subjects, whereas low-fat diets were re-
jected forthwith. The diet chosen for study of-
fered the incidental advantage that if it were
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ultimately found to be of value, it might be
adopted by the general public more readily than
would a diet requiring gastronomic sacrifice.

Most persons in the Domicile and all subjects
in this study ate in a single large facility wvith one
kitchen and two dining rooms. The food was

served ad libitum, cafeteria style, with the two
groups of subjects separated physically from each
other and from men not on the study. To minimize
errors in food preparation and service, cooking
and serving containers were color-coded.

Since the participants had access to the com-

munity as well as to a canteen, total adherence to
the study diet was the exception. Because rigid
adherence could not be enforced, the level of
adherence was monitored. Each man in the Home,
including those not on the study, was issued a

meal ticket of distinctive color which wras punched
at each meal. The punched ticket served as a

record of meal attendance. This system also as-
sured that each man remained on his assigned
diet. All participants in the study were personally
known to the dietitians and food service workers,
who were thus further able to minimize deviations
from prescribed diet within the dining room.

Diets
The control diet was a conventional food pat-

tern containing 40% fat calories, mostly of animal
origin. It was similar to the regular diet but not
identical to it. The design of the experimental diet
involved substitution of vegetable oils for about
two-thirds of the animal fat, total fat content
being kept around 40%. An attempt was made to
stabilize the iodine value of the mixed fat in the
control diet at 55 and that in the experimenital
diet at 100. Multiple vegetables oils were used,
including corn, soybean, safflower, and cottonseed,
the choice in an individual instance being largely
pragmatic.

Because the potential importance of restricting
dietary cholesterol intake was unclear at the time
the study was begun, and because rigorous re-

striction of cholesterol-containing foods seemed
likely to violate the goal of palatability, a compro-

mise was arrived at by restriction of egg yolks to
seven per week in the experimental diet. Largely
because of this restriction and the absence of but-
terfat from the experimental diet, it was substan-
tially lower in cholesterol than was the control
ration.

Vegetable oils were incorporated into the ex-

perimental diet in the form of filled milk,* imita-
tion ice cream, "unsaturated" margarine, special
sausage products, and filled cheeses. Vegetable

oils were used liberally in cooking and baking.
Meat fat was minimized bx the use of specially
trimmed lean cuts. Further dietetic details are
given in a separate publication.7
Information to Subjects
The subjects were told that two diets were to

be studied, one of them differing radically from
the regular institutional diet and the other less so;
that neither diet was expected to be associated
with a higher incidence of cardiovascular conmpli-
cations than wx as the regular institutional diet; and
that no option as to diet assignment could be of-
fered to a volunteer.

It appeared that we would not be able to
achieve two diets in wvhich the sensory qualities
were indistinguishable. We planned, rather, to es-

tablish double-blind conditions by providing a

control diet which, like the experimental diet,
appeared to be a modification of the regular in-
stituitional fare. Therefore, both groups of partic-
ipants were told at the outset that their diets
would differ from the regular diet but woould re-
semble ordinary institutional food.

Opportunities for critical comparison of the
diets wvere minimized by serving them in separate
dining rooms. It is probable that a thoroughly in-
formed and sophisticated oibserver, given an op-
portunity to sample both diets side by side, would
have been able to distiniguish between them some

of the time. Such conditions did not prevail duiring
this trial.

Since protection of the double-blind appeared
a more important objective than maximum adher-
ence, men who requested dietary instruction in
anticipation of absence from the Center wvere all
given identical-and superficial-instructions, re-

gardless of diet.

Analysis of Diets

At each meal a standard trav of each diet wvas
collected. The three meals for each dav were

homogenized, combined, flushed with nitrogen,
and frozen at -20 C. At the end of the week a

one-week pool was prepared for analysis. An
aliquot of this was employed for extraction and
washing of total lipid by the method of Folch
et al.,8 and the weight of lipid was determined
gravimetricallv. Iodine value of this extracted fat
was determined by the Wijs method,9 and total
protein content of the homogenized food by the
Kjeldahl procedure.'0 Carbohydrate content was

obtained from food tables." Caloric content was
calculated from the analytical values for fat and
protein and the literature values for carbohydrate.

Pooled aliquots representing longer periods,
usually eight weeks, were used for quantitation of
individual dietary fatty acids and dietary sterols.
The fatty acid analyses were performed by gas-
liquid chromatography as described below. Sterols
Supprement II to Circulation, Vols. XXXIX and XL, July 1969

*Filled milk is ordinary fresh milk from which
butterfat has been removed and replaced by another
fat, in this instance soybean or safflower oil.
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and sterol esters were isolated in the early part of
the study on silicic acid columns.12 Because of
contamination-presumably by diglyceride formed
from hydrolysis of triglyceride during cooking-
the sterol digitonide was prepared and weighed to
establish total sterol content. For the remainder
of the study the initial fractionation step was re-
placed by direct saponification of dietary lipid.
The sterol content was determined from the
weight of the digitonide. Relative amounts of in-
dividual sterols were determined by gas-liquid
chromatography on an SE-30 column.13

Serum Analyses

Serum cholesterol was determined at four-
month intervals on fasting blood samples by the
method of Abell et al.,14 and total lipid by the
method of Folch and his co-workers.8 Samples
from the two diet groups were randomly com-
mingled, and laboratory personnel performing the
analyses were unaware of the diet assignment that
each sample represented. As a check on analytical
precision, a large pool of serum wvas stored in
small sealed ampoules under purified nitrogen at
-20 C throughout the study and was used as a
reference standard. Aliquots of this serum were
included with each batch of samples for choles-
terol analysis. The mean and standard deviation
of 276 values for cholesterol concentration in this
pooled serum over a 5'2-year period xvere 204.5
+ 6.3 mg/100 ml. Reproducibility of total lipid
determination was checked by 14 analyses of a
separate serum pool over a two-month period;
mean and standard deviation were 599 ± 30 mg/
100 ml.

In selected instances the fatty acid content of
major lipid fractions was determined on sera by
fractionation on silicic acid columns followed by
preparation of methyl esters and gas-liquid chro-
matography. Details of these procedures are de-
scribed in an earlier publication.15

Adipose Tissue Analyses
Subcutaneous fat was aspirated from the but-

tocks bv the method of Hirsch et al.16 Methyl
esters of component fatty acids were obtained
either by methanolysis in acidified methanol17 or
by the use of boron trifluoride-methanol,18 and
wvere analyzed by gas-liquid chromatography.
This was carried out on a Barber-Coleman model
10 gas-liquid chromatograph equipped with an
ionization chamber detector with tritium foil as
the radiation source. The stationary phase was
12% ethylene glycol succinate polyester and the
carrier gas was argon. A single sample size was
used, suitable for the major components.
No effort was made to quantitate trace peaks

or components that did not appear on the single
chromatogram. In order to ensure meaningful
Supplement II to Circulation, Vols. XXXIX and XL, July 1969

quantitative data, fixed chromatographic condi-
tions were used after it was established empir-
ically that they yielded a linear detector response
for samples of the type encountered. The column
temperature was 180 C, flow rate 44 ml/min,
detector temperature 200 C, voltage 1,100 to
1,200, and total sample size 16 jig. Linearity was
confirmed by analysis of several mixtures of pure
methyl esters. The one employed as a routine
reference standard contained 11.8% myristate,
23.8% palmitate, 6.8% palmitoleate, 13.1% stea-
rate, and 44.5% oleate. Relative standard devia-
tions from the true values were: ± 5.3% for
myristate, ± 3.7% for palmitate, ± 11.7% for pal-
mitoleate, ± 7.1% for stearate, and ± 2.9% for
oleate.
A separate mixture xvas used for evaluating

reproducibility of determination of linoleic acid.
Mean and standard deviation for this component
were 34.1 ± 1.5% of the total fatty acid in the
mixture.

Surveillance for Events and Deaths

Surveillance took four forms. (1) At or near
each anniversary, dated from the participant's
first day on study diet, an interval history, phys-
ical examination, and electrocardiogram were per-
formed in the study clinic. (2) On the occasion of
any hospitalization in the General Medical and
Surgical Hospital adjacent to the Domicile, the
reason for hospitalization was ascertained by the
study staff and detailed evaluation was carried out
if appropriate. (3) Daily listings of deaths within
the Center vere scrutinized for names of study
subjects. (4) At intervals during the study and
finally txvo months after termination of the study,
names of participants who xvere outside the Cen-
ter and not known to be dead were submitted to
the V. A. central office for a mortalitv check. A
study by Beebe and Simon has demonstrated that
this procedure yields approximatelv 97% ascer-
tainment of mortality.'9 Two factors probably led
to an even higher figure in this studv: most
deaths occurred within the Center, where ascer-
tainment was presumably complete; and the typ-
ical beneficiary in this Home is more likely than
the average veteran to carry evidence of status
as a veteran on his person, and therefore more
likely to be identified as a veteran after death. For
these reasons we believe that ascertainment of
deaths was at least 99% complete.

In order to assure unbiased evaluation of clin-
ical information, all physicians associated with the
study were kept uninformed about diet assign-
ments of individual participants. Known lapses in
this precaution rarely occurred. In such instances
the physician knowing the dietary assignment of
a participant turned him over to another member
of the study staff.
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Clinical End Points
In order to keep electrocardiographic diagnoses

relatively uncontaminated by clinical information,
the physician reading a tracing recorded his elec-
trocardiographic interpretation before seeing the
patient and before reviewing the clinical record.
The primary end point was coronary heart dis-

ease manifested either as sudden death or as acute
myocardial infaretion. The case was conistrued to
be sudden death due to coronarx heart disease
(a) if death wvere either instantaneous* or un-

witnessed and an autopsy showved severe coronarx

atherosclerosis and no other apparent cause of
death; or (b) if death occurred instantaneouslv*
in a man previously free of apparent life-threaten-
ing disease and no autopsv xvas done. The obser-
vations of Spain, Bradess, and Mohr20 justify this
criterion and also make it clear that cases of un-
witnessed death cannot safely be attributed to
coronary heart disease unless autopsied. For this
reason unwitnessed deaths were signed out as "due
to uncertain cause" unless the cause wvas estab-
lished by autopsy or by clinical information con-

cerning the terminal illness.
The diagnosis of definite acute mvocardial in-

farction was made on the basis of the following
predefined criteria: (a) xvhen a patient presented
with severe, prolonged, anterior chest pain, or

with exacerbation of an anginal svndrome, or

xvith new angina pectoris, or in shock, or in acute
congestive heart failure, and electrocardiograms
showed evidence of nelvly developed definite
n.vocardial infarction as defined below; (b)
xvhen a patient with an anginal syndrome pre-

sented wvithout acute exacerbation of pain but
xwith electrocardiographic evidence of newly de-
veloped definite myocardial infaretion and with a

serum glutamic oxaloacetic transaminase (SGOT)
rise not otherwise explainied; (c) xvhen a patient
presented with severe, prolonged, anterior chest
paini, or with an exacerbation of angina pectoris,
or xith newvlv developed anginia pectoris, with
electrocardiograms showing newx lv developed left
bundle-branch block or possible myocardial in-
farction or possible subendocardial infarction and
wvith a rise in SGOT not otherwise explained. In
practice, almost all diagnoses xvere based on the
first set of criteria, except for silent myocardial
infaretioins in xvhieh the diagnosis was based on

electrocardiographic findings alone. In autopsied
cases the diagnosis of recent mvocardial infarc-
tion was based exclusively on autopsy findings
except when these were equiivocal; in the latter
instance clinical information xas evaluated as wvell.

The minimal criterion was an area of recent ne-
crosis with a volume of at least 1 cm' (in keeping
with the observations of Schwartz and Mitchell21)
accompanied by total occlusion or near-occlusion
of at least one major coronary artery.

Because of the age of the participants, a sizable
incidence of cerebral infarction xw as expected, and
this was treated as a major end point. Additional
secondary end points included amputatioin of an
extremity due to ischemic gangrene, rupture of
an arterial aneurysm, and miscellaneous categories
in wx hich a firm diagnosis could be established
(for example, intestinal infaretion due to athero-
sclerotic occlusion of a mesenteric artery).
The diagnosis of definite cerebral infarction xvas

accepted when a participant abruptly developed
a neurological deficit attributable to a focal lesion,
wxith disability lasting 24 hours or longer. It was
required that there be no apparent source for
cerebral embolism (for example, bacterial en-
docarditis or atrial fibrillation), that there be no
evidence for acute myocardial infarction, that
there be no evidence of intracranial hemorrhage,
that diagnostic wvork reveal no alternative etiolog-
ical factor, and that clinical follov-up to the end
of the studv (where available) reveal no altei-na-
tive cause.

Ischemia of an extremity requiring amputation
xvas attributed to atherosclerosis if the pulses sup-
plving the part were absent or severely atten-
uated; minimally, both the dorsal pedal pulse and
the posterior tibial pulse on the affected side wvere
required to be absent or extremely faint.
The diagnosis of atherosclerotic occlusion was

sustained only if there was no apparent source of
embolism. Ruptured aneurysm and intestinal in-
farction vere in each instance confirmed either
bv operation or by autopsv and therefore pre-
sented no diagnostic difficulties.
A number of additional end points wvere in-

cluded as possible sources of supplementary in-
formation. Definite angina pectoris wvas diagnosed
on the basis of typical exertional pain wvith prompt
relief by rest or nitroglycerin. Neither laboratory
aids nor physiological tests wvere employed in the
diagnosis. Definite cerebral ischemia was diag-
nosed in subjects xwho manifested transitory focal
neurological syndromes lasting in most instances
less than one hour, wvith multiple recurrences of
the same syndrome. Intermittent claudication was

diagnosed on the basis of exertional pain in the
leg muscles, relieved by rest, when supported by
the absence or near-absence of arterial pulses in
the region affected. Intermittent claudication was

graded mild if it typically occurred after two or

more blocks of walking, severe if it occurred after
less than two blocks. A diagnosis of new, asymp-

tomatic, obliterating peripheral atherosclerosis
was recorded on the basis of change in strength
Supplement II to Circulationz. Vols. XXXIX and XL, Jsny 1969

*In practice, it was commonly possible to establish
onily that death occurred unexpectedly and that the
terminal episode lasted a few minutes at most. Such
cases were accepted as instantaneous deaths.
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of arterial pulsation as judged by palpation. Nor-
mal pulsations xvere recorded as grade 3 and
diminution was recorded as grade 0 to grade 2.
A diagnosis of asymptomatic occlusion was made
on the minimal grounds of change from grade 3
to grade 1, or from grade 2 to grade 0, with at
least the dorsal pedal and posterior tibial pulses
of the involved extremity being grade 1 or 0.

Several categories of "possible" events were
recorded. These included possible myocardial in-
farction, possible angina pectoris, possible cere-
bral infarction, and possible cerebral ischemia.
The chief purpose was not to treat these as end
points, but rather to provide a basis for retro-
spective evaluation of the possibility that mis-
diagnosis might have influenced the conclusions
of the study.

Both senior authors reviewed all events and
all clinical occurrences in which the possibility
of an atherosclerotic event was considered. One
or both of them saw all such cases. The di-
agnosis was recorded only if both senior authors
concurred. Disagreements were resolved by con-
ference. Neurological problems were, with rare
exceptions, reviewed by a full-time member of
the neurology staff, and the diagnosis of a neu-
rological event was recorded only if the neurol-
ogist as well as both senior authors concurred.
These evaluations were all done without knowl-
edge of the subject's diet. Both senior authors
reviewed all deaths.

Deaths were further classified into the follow-
ing categories: (a) death due to acute athero-
sclerotic event; (b) death due to atherosclerotic
complication with no acute event; (c) death
due to multiple causes including acute athero-
sclerotic event; (d) death due to multiple causes
including atherosclerotic coimplication but with-
out acute event; (e) death due to other cause;
(f) death due to uncertain cause. The last cat-
egory included cases in which available informa-
tion did not permit a reasonablv clear diagnosis.
These fell into three main groups: (a) unwit-
nessed deaths without autopsy; (b) other cases
in which clinical information was skimpy; and
(c) complicated clinical syndromes with incon-
clusive information. In no instance was a death
certificate diagnosis or the diagnosis on a clinical
record accepted unless it was supported by evi-
dence satisfactory to the senior authors. If the
specific cause of death was uncertain, but it was
clear that it was not related to an atherosclerotic
complication, it was signed out as "death due to
other cause."
Electrocardiographic Criteria for Diagnosis of
Myocardial Infarction
The predefined criteria followed were:

1. Anteroseptal Myocardial Infarction
a) Possible: QS or Q wave 0.03 second or

Supplement II to Circulation, Vols. XXXIX and XL, July 1969

xvider in leads V1 3 but not in V4, in the absence
of left bundle-branch block.

b) Definite: The above (a) newly developed,
plus definite S-T and T-wave changes attributable
to recent myocardial infarction; or QS or Q wave
0.03 second or wider in V1l.

c) Definite with left bundle-branch block:
Conventional criteria for left bundle-branch block
accompanied by a Q wave 0.03 second or wider
in leads I, aVL, and V6; or RSR' in leads I, aVL,
and V6.22 (No instances of this were encoun-
tered. )
2. Anterior Myocardial Infarction

a) Possible: Q or QS 0.03 second or wider in
leads V2 3, V3_4, or V4 -.

b) Definite: The above (a) newly developed,
accompanied by definite S-T and Twave changes
attributable to recent myocardial infarction; or Q
or QS wave 0.04 second or wider in leads V2-3,
V3-4, or V4-.
3. Lateral Myocardial Infarction

a) Possible: Initially this diagnosis was re-
corded on the basis of a QS or Q wave 0.03 sec-
ond or wider in high precordial leads (one and
two intercostal spaces above the standard levels)
plus I and/or aVL. While this trial was in progress
a study correlating autopsy observations with this
type of electrocardiographic abnormality demon-
strated that it was correct only about 10% of the
time.23 All diagnoses based solely on high pre-
cordial leads xvere therefore dropped.

b) Definite: QS wave or Q wave 0.04 second
or wider in lead V6 in the absence of left bundle-
branch block.
4. Diaphragmatic Wall Myocardial Infarction

a) Possible: Q wave in aVF, 0.02- to 0.035-sec-
ond wide, plus abnormal 0.02-second sagittal
vector.24

b) Definite: Q in aVF 0.04 second or wider; or
a Q in aVF 0.025 to 0.035 second plus abnormal
sagittal vector plus S-T changes suggestive of
recent infarction when none of these had been
present on earlier electrocardiograms.
Autopsies

Autopsies xvere obtained in 80% of the par-
ticipants who died within this Center and in 65%
of all deaths in the study. Autopsies were per-
formed by the staff of the Pathology Service. The
heart and aorta were obtained from most autop-
sied cases and the circle of Willis from some, and
one of the authors (U. T.) graded these vessels
grossly. In eaeh region the percentage of surface
affected by atheroma, fibrous lesions, hemorrhage,
thrombosis, ulceration, calcification, or aneurysm
was recorded by gross inspection. These charac-
teristics were not considered mutually exclusive.
This grading was done without knowledge of
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the diet assignment. All autopsv findings were
reviewed by members of the senior staff in pa-
tholog}.*

Analyses of Arteries and Atheromata

Coronary atheroma was dissected free of un-
derlying media and adventitia, with careful at-
tention to avoidance of contamination by adipose
tissue. The coronary atheroma samples for each
subject consisted of a pool of all atherom-iatous
material that could be obtained from the coronary
arteries in this manner.

Aortas were stripped free from adherent fat
and adventitia, then divided lengthwise into txvo
parts of roughly equal size. One of these halves
was used for quantitation of major lipids and of
calcium in the whole aorta. The other half was

used as a source of isolated atheromata, wlhich
were analyzed separatelv. These atheromata were
dissected free of the deeper tissue through a plane
just beneath the lesions, then trimmed carefully
to remove all surrounding uninvolved tissue.
Aortic lesions of each case were sorted into two
pools of tissue, one consisting of uncomplicated
and the other of complicated atheromata. The
latter included all lesions displaying gross calcifi-
cation, ulceration, thrombosis, or aneurysm forma-
tion. The circle of WVillis xvas analyzed as the
whole specimen, freed of loose adventitial tissue.

Tissues xxwere generally extracted as soon as thev
reached the laboratory; a few specimens xvere
stored at -20 C until extracted. As described in
an earlier publication,15 the tissues were found
to be stable under these storage conditions in
respect to lipid composition, except for a slow
increase in the free fatty acid concentration.
Analytical techniques applied to these tissues
have been described.15)
Termination of the Trial

Starting in September, 1967-eight years after
the first man was assigned to the study diet-
participants were called in for a final re-examina-

tion. As soon as this had been accomplished the
subject was placed on the control diet, regardless
of his preceding diet. These re-examinations were
carried out betxveen September, 1967, and Janu-
ary, 1968. The final day for the recording of
events and deaths in relation to the period of
dietary modification was the date of final re-

examination of the individual participant or Jan-

u-ary 15, 1968, whichever came first.
Statistical Procedures

Standard statistical techniques xvere employed.
For most purposes, the programs of the BMD
manual25 were used.

Life tables xvere computed by the BMDX76
program,26 which calculates survival data by the
method of Cutler and Ederer.27 When this pro-
gram was employed for computing incidence rates
of nonfatal events, each subject xvas considered
under follov-up to the time of the first qualifying
event, if one occurred. For computing fatality
rates, subjects not knoxvn to be dead as of January
15, 1968 were assumed to be alive on that date.
This assumption appears justified by the near-
complete ascertainment of deaths cited above.
The significance of differences between pairs of
life tables was estimated by the permutation
method of Forsythe and Frey.28

Results
Initial Examination

Some clinical characteristics of the subjects
as determined at the initial examination are

recorded in tables 4 through 14.

Hypertension

While there xvas some hvpertension among

the subjects, it was generally mild to moderate,
since severe hypertensives in the Domicile
were usually on sodium-restricted diets and
therefore ineligible for the study. Mean blood
pressures were comparable for the two groups
(table 4), and the distribution of blood pres-

sure levels (not shown) xvas also comparable
in both groups. In addition, the participants
were comparable in regard to height, weight,
and weight corrected for height (table 4).

Electrocardiograms

Findings of the initial electrocardiograms
are summarized in table 5. Abnormalities of
one sort or another were relatively common, in
keeping xvith the age level of the participants.
but the 11 categories of abnormalities which
xvere evaluated xvere distributed equally be-
txveen the two groups. In both groups there
were 30 participants who had electrocardio-
graphic findings considered to be definite ev-

idence of previous myocardial infarction
(table 5).
Anginal Syndrome
The presence of anginal syndrome as judged

by the examining physical at the initial eval-
uation is described in table 6. The prevalence
figures indicate the number of men who de-
scribed having anginal symptoms, either cur-

rently or at any time in the past, except when
Supplement ll to Crculation, VolIs XXXIX and XL, July 1969

*We are particularly indebted to Dr. Victor Rosen
for a careful review of several borderline cases.
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Table 4

Blood Pressure, Height, and lVeight on Entry into Study

Number
of cases Mean P

Mean systolic pressure*
Control 400 136.0t > 0.71
Experimental 408 136.5t

Mean diastolic pressure*
Control 400 77.1t > 0.21
Experimental 408 78.2t

Height (inches)
Control 420 67.50 > 0.9§
Experimental 420 67.49

Weight (pounds)
Control 408 156.4t > 0.1t
Experimental 414 153.9 t

Actual weight * predicted weight**
Control 407 1.007 0.9§
Experimental 414 0.993

* Mean of two values, one recorded at the start and one at the end of the examination.
t Geometric mean.
I Computed by t-test after logarithmic transformation of the original values.
§ By t-test without transformation.
** Predicted from the regression equation

Weight (in pounds) = 3.41 X Height (in.' 73.0
computed from the entry data of the entire study population.

the symptoms had occurred only as the pre-
monitory manifestations of acute myocardial
infarction.
The 12% prevalence of definite angina pec-

toris seems high, but there is reason to believe
that it may be accurate. In the Los Angeles
Heart Study, the prevalence of definite angina
in men aged 60 to 69 years was 5.7%.* Since
that study (but not ours) excluded men with
myocardial infarction from the angina prev-
alence data, and since our participants were in
an institution where disability is a criterion for
admission, a higher prevalence figure for our
subjects is to be expected. Both prevalence
and severity of anginal syndrome were eval-
uated as being equally distributed between
the two diet groups (table 6).

Myocardial Infarction and Cardiac Compensation
Evaluation of the presence of antecedent

myocardial infarction is summarized in table 7.

*Personal communication from Dr. John M. Chap-
man.

Supplement II to Circulation, Vols. XXXIX and XL, July 1969

In contrast to the data in table 5, which were
based on electrocardiographic findings alone,
the diagnosis recorded in table 7 was based
on all information available to the examining
physician. Here, again, no significant differ-
ences were noted between the two groups.
The state of cardiac compensation as eval-

uated at the initial examination is shown in
table 8. The two groups were comparable.

Cerebral Vascular Status

Table 9 records the cerebral vascular status
of the participants at the start of the study.
There were no significant differences in ev-
idence of antecedent cerebral infarction. A
diagnosis of definite cerebral ischemia was
made at the initial examination in ten control
subjects and in only three among the experi-
mental group, but the difference was not sig-
nificant. A more detailed tabulation of individ-
ual neurological manifestations showed no
differences between the two groups; the re-
sults are not presented.
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Table 5

Initial Electrocardiographic Findings

Number of subjects

Abnormality Control Experimental

Arrhythmia
None 343 338
Minor 64 63
Major 15 23

(Chi2 = 1.72; P > 0.4)
Atrioventricular conduction defect
None 404 409
Minor 18 14
Major 0 1

(Chi2 = 1.53; P > 0.4)
Intraventricular conduction defect
None 357 360
Incomplete 33 41
Right bundle-branch block 21 17
Left bundle-branch block 4 4
Other complete 7 2

(Chi2 = 4.07; P > 0.3)
P-wave abnormalities
None 410 407
Possible 3 5
Definite 9 12

(Chi2 = 0.93; P > 0.6)
Right ventricular hypertrophy
None 398 390
Possible 22 33
Definite 2 1

(Chi2 = 2.61; P > 0.2)
Left ventricular hypertrophy
None 386 386
Possible 20 18
Definite 16 20

(Chi2 = 0.54; P > 0.7)
Anteroseptal myocardial infarction
None 401 408
Possible 15 8
Definite 6 8

(Chi2 = 2.47; P > 0.2)
Anterior myocardial infarction
None 416 419
Possible 4 4
Definite 2 1

(Chi2 = 0.34; P > 0.8)
Lateral myocardial infarction
None 412 417
Possible 6 5
Definite 4 2

(Chi2 = 0.78; P > 0.6)

Supplement II to Circulation, Vols. XXXIX and XL, July 1969
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Table 5 continued

Initial Electrocardiographic Findings

Number of subjects

Abnormality Control Experimental

Diaphragmatic myocardial infarction
None 359 373
Possible 44 30
Definite 19 21

(Chi2 = 3.01; P > 0.2)
Myocardial infarction, any location*
None 334 352
Possible 58 42
Definite 30 30

(Chi2 = 3.03; P > 0.2)
ST-T abnormalities
None 309 293
Digitalis effect 10 15
Nonspecific 79 92
Q-T or Q-U prolongation 2 0
Ischemia or injury 22 24

(Chi2 = 4.50; P > 0.3)

* One or more of the preceding four categories.
Peripheral Atherosclerosis
Evidence of occlusive peripheral atheroscle-

rotic disease was fairly prevalent (table 10),
but with no differences between the two
groups. A small number of aneurysms were

also found at the initial examination (table
10).

Subjects free of any definite or possible
complication of atherosclerosis at any site num-
bered 290 in the control group and 300 in the
experimental group.

Drugs

Previous and current administration of

Table 6

Anginal Syndrome on Entry into Study

Number of subjects

Control Experimental

I. Prevalence
Never
Probable; onset > 1 year ago

Probable; onset past year

Definite; onset > 1 year ago

Definite; onset past year

(Chi2 = 4.01; P > 0.4)

II. Severity in preceding month
None
Less than weekly
Each week but less than daily
1 to 5 times daily
> 5 times daily
At rest

(Chi2 = 10.25; P > 0.05)

348
17
6

49
2

360
14
31
10
5
2

345
25
5

43
6

361
18
23
21
1
0
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Table 7

Previous Myocardial Infarction

Diagnosis*

None
Possible, by ECG only
Possible
Probable
Definite, by ECG only
Definite single
Definite multiple

(Chi2 = 8.02; P > 0.2)

drugs which might be of interest in relation
on Entry into Study to the objectivxes of this sttudy x as recorded at

the initial examination. Except for digitalis
Number of subjects glvcosides and diuretics, few patients were
Control Experimental

I

taking any drugs in these categories and there
327 349 N7ere no differences betwxveen the two groups
49 34 (table 11).
I1)
2
12
20
2

5
1
16
19
0

*Clinical diagnosis based on history, physical find-
ings, hospital records, and initial electrocardiogram.

Table 8

Estimate of Cardiac
Study

Compensation on Entry into

Miscellaneous Characteristics
The prevalence of corneal arcus and xan-

thelasma is shown in table 12. There vere no
differences between the two groups. No other
varieties of xanthomata wvere observed. It xvas,
however, noted that the txvo groups differed
in prevalence of severe baldness, recorded on
the basis of gross evaluation by the examining
physician (table 12); severe baldness was
more common in the control group. We are
not avare that this observation is relevant to
the purposes of this clinical trial.

Grade* of decompensation

0-none
1
2
3
4
5

Chi2 = 3.27; P > 0.6

*Defined in text (Methods).

Number of subjects

Control Experimental

6
21
8

382
9

21
9
3
01

Cigarette Smoking Habits
Smoking habits wvere evaluated by question-

naire on the participants' entry into the study.
Through an oversight this information was not
obtained from all subjects. Table 13 contains
the responses to questions concerning current
cigarette smoking at the time of entry. A sig-
nificant difference betwveen the two groups is
apparent in relation to the distribution of

Fable 9

Cerebral Vasctlar Status on Entry into Study

Number of subjects

I. History or signs of cerebral infarction
None
Possible single
Possible multiple
Definite single
Definite multiple

(Chi2 = 5.83; P > 0.2)

II. Symptoms of cerebral ischemia
None
Possible
Definite

(Chi2 = 3.98; P < 0.1)

Supplement II to Circulation, Vols, XXXIX and XL, July 1969

Control Experimental

368
18
10
23
3

372
13
8
20
11

379
33
10

390
31
3
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Table 10
Overt Peripheral Atherosclerosis on Entry into Study

Number of subjects

Control Experimental

I. Occlusive disease in lower extremities
None
Asymptomatic occlusion
Claudication, mild (> 2 blocks)
Claudication, severe (< 2 blocks)
Ulcer or gangrene

Previous amputation

(Chi2 = 3.66; P = 0.6)

II. Aneurysm

III. Other
Possible
Definite

291
74
40
11
1
5

304
61
37
16
0

6

3 2

3
0

1

2

smoking habits. However, the data in table 13
suggest that there was probably little or no

difference with regard to the total amount of
cigarette smoking. Several other questions
about smoking habits past and present re-

vealed no other differences between the two
groups; the responses are not tabulated in this
report.

Serum Cholesterol and Serum Total Lipid Levels

Initial levels of serum cholesterol and serum

total lipid are shown in table 14. The serum

cholesterol levels are comparable to those ob-
served among middle-aged American men such

as those of the Framingham population,3 de-
spite the rather different environmental sit-
uations of the subjects. The two diet groups

had comparable levels. Frequency distribu-
tions (fig. 1) were also comparable. The rela-
tionship between initial serum cholesterol and
presence of pre-existing complications of
atherosclerosis is described in table 15. The
diagnosis of pre-existing coronary or cerebral
complications-definite or possible-was asso-

ciated with significantly higher serum choles-
terol concentrations than those prevailing in
the group free of complications. The same was

true of intermittent claudication. However, a

diagnosis of asymptomatic occlusion of pe-

ripheral vessels was associated with an inter-
mediate mean serum cholesterol level. This

Supplement II to Circulation, Vols. XXXIX and XL, July 1969

observation is probably a consequence of the
limitations of simple palpation of pulses as a
guide to peripheral atherosclerosis.
Summary of Initial Observations
Approximately 50 characteristics of each

subject were recorded at the initial evaluation;
33 of these are shown in tables 1 through 14.
Because of the large number of characteristics
evaluated, a difference in one of these (bald-
ness) at the 97.5% confidence level and in
another (distribution of cigarette smoking hab-
its) at the 99% confidence level is entirely com-
patible with chance expectations in a fully

Table 11

Drugs Taken During Year Prior to Entering Study

Number of subjects

Drug Control Experimental

Corticoids or ACTH 1 1
Androgens 1 1
Estrogens 3 1
Insulin 0 0
Oral hypoglycemic agents 0 0
Thyroid 0 1
Thiouracil and analogues 0 0
Coumarins 1 1
Heparin 0 0
Digitalis glycosides 28 28
Nicotinic acid (>1 g/day) 1 3
Diuretics 10 7
I131 1 2
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Table 12

Mlliscellaneous Characteristics
Entry into Study

Finding

of

c

Corneal arcus
Absent
Uncertain
Present

(Chi2 = 0.21; P = 0.9)

Xanthelasma
Absent
Uncertain
Present

(Chi2 = 5.10; P > 0.05)

Xanthomata (any other type)
Absent
Present

Baldness
None
Mild
Moderate
Severe

(Chi2 = 10.53; P < 0.025)

randomized population. The
of small differences which w

discussed below.

Composition of Diets

Analytical findings for maj
ponents are summarized in ta
diets were essentially identical
and protein content of typic
were small differences in the

fat. Because of the large number of samples,
Participants at the small difference in this characteristic was

highly significant statisticallv; however, a dif-

Number of subjects
ference of this magnitude was presumably of
little significance biologically.
The major differences in the two diets vere

in degree of unsaturation of the extracted fat
163 170 and in its sterol content. Iodine values vere sta-

210 207 bilized reasonably well near the target levels
of 55 and 100 for the two diets, respectively.
The control diet contained 653 mg of choles-
terol per day, comparable to the general Amer-

408 419
ican diet, whereas in the experimental diet

5 3

9 2 this had been reduced to 365Img per day. Be-
cause of the large intake of vegetable oil in
the experimental diet, it had a high content

422 424 of plant sterols. particularly /3-sitosterol. The
0 0 details of fatty acid composition are given in

figure 2. The most striking finding was the

143 163 presence of linoleic acid (18:2) in the experi-
95 107 mental diet at a level almost four times as
76 84 high as that of the control diet, largely at the
108 70 expense of the saturated fatty acids, partic-

ularly palmitic (16:0).
Since the participants were fed ad libitum,

the relationship of these analytical findings to
possible impact actual food intake requires some comment. An
'crc observed is attempt was made to "typical" tray to

each subject, and second helpings were re-

stricted to foods containing little lipid. The
or dietary com- original stLudy design contemplated weighing
ble 16. The two and analysis of uneaten food for each group,

Iin caloricvalue buit the quantity discarded was observed to
-al trays. There
total amount of

Table 13

Cigarette Smoking Habits at Time of Entry into Study

Amount smoked
in average day

Number of subjects

Control Experimental

None 86 99
Once in awhile but not every

day 18 19
<2 pack 62 46
1- pack 129 173
1-2 packs 57 38
2 packs or more 13 7
Not known 58 41

Chi2 = 18.24; P < 0.01

Table 14

Initial Serum Cholesterol and Total Lipid Levels

Concentration
Number (mg/dl)

of
values* Mean SD

Serum cholesterol
Control 420 234.3 ±43.3
Experimental 423 232.7 +41.3

(t = 0.40; P > 0.5)

Serum total lipid
Control 414 864.5 i171.4
Experimental 413 852.5 i 174.2

(t = 0.97; P > 0.3)

*Each value used in computation was the mean of
two baseline samples.
Supplement 11 to Circulation, Vols. XXXIX and XL, July 1969
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Figure 1

Frequency distribution of baseline serum cholesterol concentrations. The value for each man
was the mean of two determinations two weeks apart.

be a minute fraction of the total food served
and this was not pursued. It was thus clear
that the average participant did, when in the
dining room, eat meals characterized by the
analytical values of table 16 and figure 2, al-
though an occasional individual participant
may have deviated significantly.

Sucrose-containing foods in the control diet
all had counterparts in the experimental diet,
and recipes for both products provided for
identical amounts of sucrose. It was therefore
estimated that sucrose intake in the form of
prepared foods was comparable for the two
groups. It is assumed that randomization of
the subjects resulted in similar use of sugar at
the table and similar intake of ethanol.

Withdrawals, Discharges, and Nonadherence
Despite the practice of recruiting men into

Supplernent 11 to Circulation, Vols. XXXIX and XL, July 1969

the study only after two months in the Center
and of assigning men to a diet only several
weeks after the initial examination, there were
substantial losses due to routine discharges
from the Center. Such discharges, which were
beyond the control of the research staff, were
particularly numerous during the first year. In
the first year and subsequently, the discharge
rates were similar for the two groups ex-
cept that the number discharged during
the third year was slightly higher in the
experimental group than in the control (table
17). Re-entry experience of participants
previously discharged from the Center was
similar for the two groups (table 17). How-
ever, this was not true of withdrawals from the
trial. The number of subjects withdrawing
during the first year and, to a lesser extent,
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Table 15

Pre-existing Complications of Atherosclerosis
Concentrations

A. Coronary
No complications
Possible old myocardial infarct

and/or angina pectoris
Definite old myocardial infarct
and/or angina pectoris

No.*

557

152

134

Related to Baseline Serum Cholesterol

Mean
serum cholesterol

(mg/dl)

230.0

238.7

242.2

SE Et

± 1.8

± 3.5 2.21t

±4 3.8 2.93§

B. Cerebral
No complications
Possible old cerebral

infarct and/or ischemia
Definite old cerebral infaret

and/or ischemia

C. Peripheral
No complications
Asymptomatic occlusion
Intermittent claudication,

mild
Intermittent claudication,

severe
Amputation

675

106

62

593
135

76

27
12

231.2

242.5

242.9

230.5
237.5

244.6

248.8
243.8

i 1.6

± 4.2 2.53t

± 5.4 2.08t

i 1.7
± 3.9

i1: 5.1

1.70

2.62§

± 6.7 2.65§
±12.0 1.10

* Three cases omitted because one of the two baseline cholesterol values was missing.
t t-test for comparison of the given group with the "no complication" group.
t P <0.05.
§ P < 0.01.

Table 16

Composition of Diets

Control

Total daily caloriest
Protein (g/day) t
Fat (g/day)t
Fat calories (%O of total) t
Iodine value of fatt
Cholesterol (mg/1,000 cal)
Cholesterol (mg/day)t
,3-sitosterol (mg/day) :

2,496 i 159
96.3 + 8.8

111.2 i 9.1
40.1 2.2
53.5 =t 3.5

262
653
< 50

Experimental

2,496 i 122
97.4 i 8.5

107.9 ± 7.3
38.9 4± 1.9

102.4 ± 4.6
146
365
215

* By t-test.
** By sign test, using paired values.
t Mean i SD of 412 to 427 one-week pooled collections.
t Mean of 19 analyses, each representing a four- to ten-week pool, weighted as to collection

period.

during the second year, was higher in the ex-

perimental group, and total wzithdrawals nuim-

bered twice as many among the experimental

suibjects as among the controls (table 17).
Men re-entering after having been outside

the Center were placed on the diets wvhich
Supplement 11 to Circulatiotn, Vols. XXXIX znd XL, July 1969
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Figure 2

Fatty acids in dietary fat. The data are means of 19 eight-week collections analyzed at inter-
vals during the study. Fatty acids are identified by chain length and number of double bonds.

they had been receiving prior to discharge,
and routine follow-up procedures of the study
were resumed.
The excess loss of participants from the ex-

perimental group during the first two years

was attributable to two difficulties with the
experimental diet. For one thing, some sub-
jects objected to the restriction of eggs. Fur-
thermore, during the early years of the study
we employed a filled milk prepared from

specially deodorized and deflavored soybean
oil. Under optimal conditions, which prevailed
much of the time, this filled milk had satis-
factory flavor, but at times it was objectionable
to some of the subjects. A later change to milk
prepared with safflower oil eliminated this
difficulty.
Of the 58 withdrawals among the control

subjects, 24 were occasioned by orders for
therapeutic diets, and one man never started.

Table 17

Discharges from Center, Re-entries into Center, and Withdrawals from Study

Number of discharges Number of re-entries Number of withdrawals*
Days after

starting diet Control Experimental Control Experimental Control Experimental

0-365 136 138 20 20 24 69
366-730 75 66 41 39 16 24
731-1095 41 66 33 40 8 9
1096-1460 38 35 31 24 5 4
1461-1825 26 30 14 15 1 3
1826-2190 20 23 10 22 2 3
2191-2555 14 16 8 5 1 2
2556-2920 6 4 4 6 1 3

Total withdrawals 58 117

* Includes involuntary withdrawals, usually due to requirement for a therapeutic diet.

Supplement l to Circulation, Vo0s. XXXIX and XL, July 1969
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The remaining 33 withdrawals in this group
appeared to be due largely to illusory or ir-
relevant causes such as constipation, diarrhea,
weight loss, weight gain, and dyspepsia; the 17
who described distaste for the food are in-
cluded here since the food differed from the
regular institutional diet-which was the alter-
native-in only trivial respects. It is thus prob-
able that similar irrelevant considerations
account for approximately 33 of the 117 with-
drawals among the experimental subjects; it
is known that 27 withdrawals were required in
order to provide therapeutic diets and 3 men
never started. The remainder-54 men-are be-
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Figure 3

Frequency distributions of adherence to diet, com-

puted as lOOM/3D, where M _total number of
meals taken in study dining room and D = total
number of days from assignment to diet until death
or termination of the trial, regardless of possible ab-
sence from the Center or withdrawal from participa-
tion during this period.

lieved to represent the number who found the
experimental diet truly distasteful. For rea-
sons cited above, this level of dissatisfaction
should be avoidable in future use of similar
diets.

Since it is assumed that xxvithdrawees dif-
fered in some characteristics from subjects
who remained on the study, and since the
relevance of these characteristics to the out-
come of the study is uncertain, it appeared
undesirable to stratify the outcome data on
the basis of wvithdraval. Partly for this reason,
surveillance for events and deaths was pur-
sued even after withdrawval. Since the differ-
ential withdrawal rates might otherwise have
biased the clinical results, withdrawal status
was disregarded in analysis of these.

Adherence data here and elsewvhere in the
report are given in terms of percentage of
maximal possible number of meals taken in
the dining room. When this is computed only
for periods of residence in the Domicile, and
only up to the time of withdrawal for those
persons who wvithdrew, adherence was 80% for
the control subjects and 78% for the experi-
mental subjects. When adberence wvas com-
puted for each individual from assignment to
the study diet up to the date of death or ter-
mination of the study, whichever came first,
disregarding the subject's location or status in
the interval, mean adherence levels wvere 56%
for the control subjects and 49% for the experi-
mental group. Frequency distribution of ad-
herence thus defined is shown by diet group in
figure 3.
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SERUM CHOLESTEROL
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Figure 5
Changes in serum cholesterol concentration. Data include all available analyses from subjects
who had one or more follow-up determinations after starting the study diet. Abscissa is based
on the time of entry for each individual. The starting level was the mean of two baseline
values for each subject. Points are plotted as mean + standard error. (This mode of data
presentation was chosen because follow-up data are incomplete, especially late in the study.
The purpose was to avoid comparing the mean for a small group of survivors with the baseline
level for the entire original group; the s2urvivors may have started, on the average, at a dif-
ferent level than did the whole group.)

Body Weight

It was anticipated that ad libitum consump-

tion of the diets employed in this trial would
have no effect on body weight. This was in-
deed the case, as shown in figure 4. Although
body weights of many individual participants
underwent considerable change, this was

equally true in both groups, and mean weight
remained within 2% of the starting level (fig.
4).

Changes in Serum Cholesterol and Serum Total
Lipids

Changes in serum cholesterol concentration
are described in figure 5. All available data
were included in the computations described
in this figure, regardless of the individuals
level of adherence. Serum cholesterol in the
control subjects showed a small rise over the
first 20 months, then a progressive decline
for the next six years. Information described
in an earlier publication made it clear that this
decline was neither an artifact due to drop-
outs and deaths nor a consequence of labora-
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tory error.29 In the experimental subjects
there was an immediate drop in serum choles-
terol, amounting to 11%, followed by a slow
decline paralleling that in the control group.
Although no "escape" phenomenon was ob-

served for over seven years, the two groups
displayed partial convergence of serum cho-
lesterol concentrations in the last few months
of the study (fig. 5). Since the number of
analyses involved at this stage was small, the
significance of this convergence is doubtful.
While the ultimate serum cholesterol level in
the experimental group was about 20% below
the starting level, the difference between the
change in the experimental group and the
change in the control group is construed as
reflecting the true effect of the diet. This dif-
ference amounted to 12.7%.
Serum total lipid displayed roughly parallel

changes, but with a smaller difference be-
tween the experimental and the control groups,
amounting to only 6.6%. These data are shown
in figure 6. It thus appears probable that most
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Figure 6
Changes in sei urn total lipid. Datva inrclude all available analyses from subjects who had one
or more follow-up determinations after starting the study diet. Abscissa is based on the time
of entry for each individual. The startinlg level was the mean of two baselin.e values for each
subject. Points are plotted as mean stanwdard error. (Thvis mod.e of da.ta presentation wvas
chosen because follow-u4p data are i.ncomplete, especially late in the stuldy. The pu.rpose was
to avoid comparing the mean for al small group of suXrvivors with the baseline level for the
enti.re original group; the suzrvivors m.ay have started, o-n. the average, at az different level thazn
did the whole group.)

of the serum lipid difference wvas due to the
change in concentration of cholesterol and its
esters.
Having excluded laboratory artifact as a

cause of the secular changes in serum choles-
terol and total lipid concentrations,2'9 and
having satisfied ourselves that the monitored
components of the diets did not change suf-
ficiently to qualify as an explanation,29 we
were initially inclined to attribute these trends
to uncontrolled, time-related environmental
factors. One such factor which we considered
was prolonged residence in the Home. How-
ever, no correlation was found between dura-
tion of residence here and baseline serum
cholesterol level (r -0.02). Having failed
to identify an environmental cause, we are
now inclined to view this observation as an
expression of the "intrinsic" effects of aging.
The change in serum cholesterol concentra-

tion among the experimental subjects proved
to be poorly correlated with adherence to the

diet. The relationship was tested by a multiple
regression analysis in which the dependent
variable was the ratio of a single followv-up
serum cholesterol value to the subject's mean
baseline level and the independent variables
were numbers of meals in the dining room
during specified periods preceding blood sam-
pling. As indicated in table 18, the multiple
correlation coefficient was only 0.13, indicating
that a single follow-up blood cholesterol value
is a poor index of adherence to diet during
the 1 to 12 preceding weeks.

It seemed probable that the weakness of
this relationship could be attributed in part
to time-related secular changes in serum cho-
lesterol levels (fig. 5) and to scatter of values
resulting from both laboratory variation and
intraindividual biological variation. An at-
tempt was made to minimize these sources of
difficulty by using the mean of the first six con-
secutive follow-up values for each case with
an uninterrupted set of follow-up samples in
Supplemnnt I1 to C-irculation Vols. XXXIX and XL, July 1969
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Table 18

Stepwise Linear Multiple Regression Analysis Relating Follow-up Serum Cholesterol Change on Experimental
Diet to Adherence in Period Preceding Blood Sampling: Data for 2,566 Individual Follow-up Samples Employed
in Analysis

A. Correlation Matrix
Variable

Cholesterol
Variable ratio* M,-7t M8-14 Ml&-21 M22-28 M2-84

Cholesterol
ratio 1.000 -0.129 -0.093 -0.082 -0.084 -0.081
M 1-7 1.000 0.656 0.542 0.485 0.509
M8_14 1.000 0.723 0.631 0.611
M 15-21 1.000 0.808 0.688
M22-28 1.000 0.752
M29-84 1.000

B. Regression Analysist
Independent Coefficients for the linear regression equation

variable Multiple
Step entered r Constant M1l7 M814 M1521 M22-28 M2584

1 M1-7 0.129 0.9301 -0.00403
2 M22-28 0.131 .0.9337 -0.00361 -0.00067
3 M15.21 0.131 0.9333 -0.00367 0.00025 -0.00084
4 M29-84 0.131 0.9335 -0.00362 -0.00012 0.00030 -0.00083
5 M8_14 0.131 0.9337 -0.00360 -0.00011 0.00031 -0.00078 -0.00001

* Ratio of individual follow-up serum cholesterol value to mean of the two baseline values for the case.
t M1l7 = number of meals taken in dining room during the first through seventh days immediately preceding

blood sampling, etc.
t Dependent variable was cholesterol ratio, defined above.

the first two years, the independent variables
being mean number of meals for various pe-
riods before blood sampling; that is, we esti-
mated the validity of considering the mean
of six follow-up samples as an index of adher-
ence. The result, shown in table 19, was an
improvement in the multiple correlation coef-
ficient only to 0.31. Thus, even multiple serum
cholesterol levels from a given individual pro-
vide a poor guide to adherence to a diet such
as that employed in this program. It is pos-
sible, of course, that mean change observed
with more frequent sampling would show a
better correlation.

In both multiple regression analyses (tables
18 and 19), the first independent variable
added by the program was number of meals
in the seven days immediately prior to blood
sampling. Addition of successive variables
thereafter produced little change in correla-
tion coefficient. This may have been due to a
dominating effect of the preceding week's food

Supplement HI to Circulation, Vols. XXXIX and XL, July 1969

habits upon serum cholesterol levels (cf. fig.
20), or to high intercorrelation between an
individual's eating habits in various periods
(cf. correlation matrices, tables 18 and 19),
or to both.
Comparison of observed changes in serum

cholesterol with results predicted from the
multiple regression equation of Keys et al.30'
is of some theoretical interest. The mean
observed difference between the control and
experimental groups was 29.5 mg/dl, 81% of
the difference (36.5 mg/dl) predicted by ap-
plying the Keys equation to the mean analyt-
ical values for the two diets. Since mean
adherence for periods in the Center was 78%,
this result represents reasonable agreement
with the Keys formulation.

Fatty Acids in Serum Lipids

Changes in fatty acids of serum lipid frac-
tions were not studied systematically. Anal-
yses were, however, carried out at the end of
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Table 19

Stepwise Linear Multiple Regression Analysis Relating Follow-up Serum Cholesterol Change on Experimental
Diet to Adherence in Period Preceding Blood Sampling: Mean Data for Six Follow-up Samples in First Two
Years on Diet from Seventy-six Cases Employed in Analysis

A. Correlation Matrix
Variable

Variable

Cholesterol
ratio

M2-14

M 22-28

M29-84

Cholesterol
ratio*

1.000

AIl-7T

-0.277
1.000

- 14

-0.263
0.919
1.000

M15-21

-0.225
0.911
0.931
1.000

-0.196
0.861
0.892
0.926
1.000

-0.207
0.899
0.905
0.922
0.904
1.000

B. Regression Analysist
Independent
variable Multiple

Step entered r

1

2
3
4

5

M1-7

M29-84
M8_14
M 22-28
M 15-21

0.277
0.293
0.301
0.308
0.309

Coefficients for the linear regression equation

Constant

0.9876
0.9766
0.9796
0.9776
0.9763

WI,,21M1_7

-0.00718
-0.01223
-0.00929
-0.00945
-0.00988

M8-14

-0.00535
-0.00695
-0.00764

0.00071
0.00099

0.00411 0.00072

0.00247 0.00330 0.00066

* Mean of six values in first two years of follow-up . mean of two baseline values for the case.
t M1-7 = mean of six values for number of meals taken in dining room during the first through the seventh days

immediately preceding blood sampling, etc.
t Dependent variable was cholesterol ratio, defined above.

Table 20

Fatty Acids in Subcutaneous Fat at
Experimental Diet

Start of Study and After Prolonged Adherence to

Percentage in adipose tissue (mean i SD)

Fatty acid* Baselinet Experimentalt Control§

12:0 ** **

14:0 1.3 1.5 ** 2.1 i 0.8
14:1 ** ** **

15:0 * *
16:0 20.4 ± 4.9 13.7 ± 3.5 20.4 + 3.5
16:1 6.4 =t 3.1 3.1 + 1.5 5.6 + 2.3
18:0 6.3 ± 3.1 4.6 i 3.2 6.6 i 3.3
18:1 53.2 i 7.6 43.8 i 4.0 54.8 ± 6.3
18:2 10.9 ± 3.5 33.6 i 5.5 10.8 i 2.9
18:3 0.8 ± 1.3 1.2 i 0.9 2.0 + 0.7
20:3 ** *

20:4 ** **

* Designated by chain length and number of double bonds.
t Two hundred and forty baseline samples, regardless of subsequent diet.
I Thirty-five samples from experimental group, selected for > 1,795 days on diet and > 80%

adherence. Mean time on diet was 2,495 days and mean adherence 89.7%.
§ Fifty-six samples from control group, selected for > 1,795 days on diet and > 80%Co ad-

herence. Mean time on diet was 2,394 days and mean adherence 90.4%.
** Identified inconstantly.
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three years in selected subjects with good ad-
herence (minimum 88%) and the results are
shown in figure 7. All fractions studied showed
increased concentrations of linoleic acid in the
experimental group, but this was most pro-
nounced in serum triglyceride and least pro-
nounced in serum phosphatide.

Composition of Adipose Tissue

Concentrations of constituent fatty acids in
subcutaneous fat after prolonged (> five
years), high-level (> 80%) adherence to the
experimental diet are compared, in table 20,
with baseline concentrations. The chief altera-
tion was tripling of the linoleic acid (18:2)
concentration at the expense of all other fatty
acids except linolenic ( 18:3). Oleic ( 18: 1 ) and

CONTROL EXPERIMENTAL

SERUM
C. E.
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TO. 2:0 r

riii
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Figure 7

Fatty acids in major serum lipid fractions compared
with dietary fat during the preceding period. Analyses
were done at three years on ten subjects in each
group selected for adherence of 88% or better. Values
are plotted as mean + SD. C.E. = cholesteryl ester;
P.L. = phospholipid; T.G. = triglyceride. (Reprinted
from the Journal of Lipid Research,29 by permission.)
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palmitic (16:0) acids accounted for most of
the decline in monoenoic and saturated fatty
acids. The resemblance among these fatty
acid patterns and those of the two study diets
(fig. 2) is apparent.
Figure 8 shows the rise in adipose tissue

linoleic acid concentration of experimental
subjects selected for good adherence (min-
imum adherence 85%, mean adherence 90.5%).
The curve was fitted by the least-squares
method to the function

L = a + be-kt

in which L = linoleic acid percentage and t
time on the diet in days. The computed equa-
tion is

L = 33.7 -21.7 e-0 00133t

or in logarithmic form,

In ( 33.7-L) = 3.08 -1.33 x 1063t.

The asymptotic value for adipose tissue lin-
oleic acid is 33.7%, somewhat below the mean
concentration (38% ) in the diet. Since some
nonadherence is known to have occurred
among these subjects, and since additional di-
lution by contraband food must certainly have
occurred to some degree, a level below that of
the dietary fat would have been predicted.
Indeed, even with perfect adherence, the lin-
oleic acid level in adipose tissue ought never
to reach that of the diet, since some dilution
by fatty acid synthesized endogenously, and
therefore free of linoleic acid, is expected. The
chief implication of the data shown in figure
8 is that the high adherence level suggested
by dining-room attendance figures in these
subjects was in fact a realistic estimate of
average adherence.

Half-time for the computed function de-
scribing these data is 522 days. This figure is
somewhat lowver than our earlier estimate of
680 days in the same group of subjects.29 As
discussed in the earlier publication, the half-
time of the rise in linoleic acid may be inter-
preted as an estimate of the mean half-time of
stored subcutaneous fat.

In the present study, the dining-room at-
tendance records were considered the most

V- .
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Figure 8

Changes in linoleic acid of adipose tissue in subjects on experimental diet who were selected
for good adherence (mininmum 85%, mean 90.5%). The data do not in all instances represent
serial analyses in the same subjects. The curve describes an exponential function providing the
best least-squares fit; the equation is given in the text.

reliable index of adherence available. How-
ever, this type of information is not available
to the investigator carrying out studies of this
type wvith free-living individuals. It has been
proposed that adipose tissuie linoleic acid con-

centration might constitute a measure of ad-
herence under these circumstances, and this
study offered an opportunity for testing the
validity of this assumption. The correlation
coefficient among the experimental suLbjects be-
twveen adipose tissue linoleic acid and the din-
ing-room attendance record up to the date of

the sample was computed for each anniversary,
using data from all samples obtained within
30 days before or after the anniversary. The
results are given in table 21.
At the end of one year of the experimental

diet there was, for practical purposes, no cor-

relation between these two variables. How-
ever, the degree of correlation improved after
several years on the diet (table 21). VVhen all
values obtained five or more years after entry
into the study were used in the analysis, a

correlation coefficient of +0.71 was obtained.
Supplement II to iUrculation, Vols. XXXIX and XL, Jily 1969
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Figure 9

Linoleic acid in adipose tissue as a function of adherence to experimental diet after five or

more years on the diet; 18:2 = linoleic acid.

A plot of the data involved in this last analysis
is shown in figure 9, together with the regres-
sion equation. After five years or more of a
program of this type, adipose tissue linoleic
acid concentration is a useful index of adher-
ence.

Table 21

Correlation Between Adipose Tissue Linoleic Acid
Concentration and Adherence to Experimental Diet

Correlation coefficient
Time on (r) relating linoleic

experimental diet Number of acid conc. to previous
(years*) samples adherence

it 53 +0.08
2 54 +0.24
3 44 +0.48
4 28 +0.49
5 28 +0.82
6 59 +0.72
7 25 +0.65
8 11 +0.50

5 or more 163 +0.71

* ±30 days.
t Limiting the data to one year i ten days did not

improve the correlation.
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Events and Deaths

Except where otherwise indicated, the re-
sults given in this section embody all data ob-
tained on each subject from the time of diet
assignment to the termination of the trial or
to death, whichever came earlier. Mortality
surveillance is believed to have been nearly
100% complete. Morbidity surveillance was
presumably complete for periods within the
Center except for clinically silent events. Some
morbidity outside the Center was ascertained
at the time of the participant's re-entry or
through information collected for evaluation
of death data.

It was expected that occasional breaches in
the double-blind would occur, and indeed

Table 22

Test for Physician Bias

Physician's Number of cases
opinion thus classified % correct

Control 67 49
Experimental 37 54
Don't know 125
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Table 23

Summary Tabulation of Primary and Secondary End Points ("Hard" Events)

Number of events
Number

Type of event Fatal* Nonfatal Total of men

Definite myocardial infarction, by ECG only
Control 0 4 4 4
Experimental 0 9 9 9

Definite, overt myocardial infarction
Control 23 24 47 40
Experimental 23 10 33 27

Sudden death due to coronary heart disease
Control 27 27 27
Experimental 18 18 18

Definite cerebral infarction
Control 9 16 25 22
Experimental 3 10 13 13

Ruptured aneurysm
Control 5 0 5 5
Experimental 2 0 2 2

Amputation
Control 3 2 5 5
Experimental 0 7 7 5

Miscellaneous
Control 3 3 6 6
Experimental 2 1 3 2

Total
Control 70 49 119 96t
Experimental 48 37 85 66t
Chi2 on totals 4.45 6.63
P < 0.05 0.01

* Cases in which the event was either the sole
t Because a number of subjects had multiple

than that obtained by totaling the column.

there were several instances. They were, how-
ever, rare. To evaluate the integrity of the
double-blind insofar as physicians were con-
cerned, a questionnaire bearing on this point
was filled out by the examining physician at
229 consecutive examinations during the sev-
enth year of the study. The results are shown
in table 22. The opinions of the physicians
concerning the diet assignments of the partic-
ipants were not significantly better than ran-
dom guesses.

Atherosclerotic events are first presented in
summary form in tables 23 and 24. When these
results were tabulated it became apparent
that differences of possible significance existed
in relation to those events considered to be
primary and secondary end points, i.e., "hard"

cause or a partial cause of death.
events in these categories, this figure is smaller

events-events diagnosable with relatively
little error. In contrast, there were clearly no
differences in "soft" events or in indefinite
events. Accordingly, these two categories are
tabulated separately in tables 23 and 24.
The primary end point in the study was con-

sidered to be new coronary events in the form
of sudden death or definite myocardial infarc-
tion. In these categories, including silent myo-
cardial infarctions, there were 78 events af-
fecting 65 men in the control group and 60
events affecting 52 men in the experimental
group. The differences are not significant by
the chi-square test. However, when one pools
these with definite cerebral infarction, or with
definite cerebral infarction plus all other
"hard" end points, a difference significant at
Suaplement II to Circulation, Vols. XXXIX and XL, July 1969
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Table 24

Summary Tabulation of "Soft" and Indefinite End Points

Number of events*

Type of event Control Experimental

Possible angina pectoris 6 5
Definite angina pectoris 10 11
Possible myocardial infarction, by ECG only 5 5
Possible overt myocardial infarction 2 5
Probable overt myocardial infarction 4 3
Possible cerebral ischemia 7 5
Definite cerebral ischemia 8 5
Possible cerebral infarction 2 2
New, asymptomatic, peripheral occlusion 14 13
Intermittent claudication 11 13
New aneurysm 1 3

Total 70 70

* For each category, the number of men affected was equal to the number of events.

the 99% confidence level* is observed (table
23) when tested by chi-square. The single
subcategory which showed the greatest differ-
ence between the two groups on a percentage
basis was definite cerebral infarction, affecting
22 control subjects and 13 experimental sub-
jects. However, even this difference, when

taken alone, was not significant by the chi-
square test. Numbers of fatal atherosclerotic
events were 70 in the control group and 48 in
the experimental group; this difference was

significant by the chi-square test at the 95%
confidence level (table 23).
The higher prevalence of cerebral ischemia

in the control group (vide supra) led to some

concern that more severe cerebrovascular dis-
ease at the start of the study might have been
responsible for the subsequent higher inci-
dence of cerebral infarction in that group.

This was dispelled by the fact that only one of
the 22 control subjects sustaining definite cere-

bral infarction had a diagnosis of definite cere-

bral ischemia made at the initial examination.
The data on "soft" and indefinite end points

are shown in table 24. Neither in individual
categories nor in the totals was there any im-
pressive difference between the twvNo groups.
While diagnosis of such phenomena as angina

pectoris, cerebral ischemia, and intermittent
claudication is subject to error under any cir-
cumstances, the setting of the present study
rendered this particularly treacherous. Many
of the participants were feeble, and others de-
veloped sufficient intellectual deterioration
from various causes during the course of the
trial to produce a considerable problem in
history-taking.

In the various categories of "possible"
events (table 24), differences between the two
groups were minor. It therefore seems unlikely
that the differences encountered between the
two groups in the categories of definite myo-
cardial infarction and definite cerebral infarc-
tion (table 23) were due to diagnostic error.

Data on atherosclerotic events were addi-
tionally analyzed by the life-table method, ap-

plied both to the total study population and to
various subgroups. Where nonfatal events
were involved, incidence rates were com-

puted by considering only the first qualifying
event for each participant. The manner in
which the life-table analysis was applied is
illustrated in table 25, which shows data for
combined incidence of sudden death and fatal
or nonfatal definite myocardial infarction and
definite cerebral infarction. The table shows a

difference in favor of the experimental group,
significant by the usual criteria after 3, 4, and
8 years. Comparison of the total incidence
curves28 yielded a P value of 0.04.

*Here and elsewhere, where categories of data are
pooled or stratified, the true confidence level is presum-
ably lower than the computed level which is cited.

Supplement II to Circulation, Vols. XXXIX and XL, July 1969
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Cumulative incidence curves for the com-
bined data on sudden death and acute myo-
cardial infarction, whether overt or silent, are
presented in figure 10.* The trend in favor of
the experimental group is again apparent, but
at a low confidence level. When the partic-
ipants were divided by baseline serum cho-
lesterol concentration into two strata of equal
size (cut point - 233 mg/ dl), and the two
strata were evaluated separately, the differ-
ence between the two diet groups was seen
to reside mainly in the higher-cholesterol stra-
tum (fig. 10). Stratification by age (cut point
= 65.5 years) was also carried out; as applied
to the data in figure 10, this was uninformative.
The population was stratified on the basis

of pre-existing atherosclerotic complications
as recorded on the initial examination. For this
purpose, an individual was classified "with pre-
existing complications" if there was any def-
inite or possible evidence of coronary ,cerebral
peripheral, or other atherosclerotic disease at
the initial examination. Most of the difference
in subsequent incidence of sudden death and
myocardial infarction occurred in the group
initially free of overt atherosclerotic disease
(fig. 10).

Life-table computations for the combined
data on all "hard" end points show somewhat
more impressive differences (fig. 11). The dif-
ference appeared significant in relation to the
unstratified data. The trend appeared to favor
the experimental group regardless of pre-
existing atherosclerotic complications (fig.
11). Likewise, stratification on the basis of
age suggested a difference in favor of the ex-
perimental group for both strata, but the dif-

*Although the trial was terminated, for the earliest
participants, at the eighth anniversary, some data ap-
pear beyond eight years. This occurred because we
predefined the duration of the trial, for men unavail-
able for their anniversary examinations, to be up to
completion of the last examination among those sub-
jects who were available. This last examination oc-
curred approximately 100 months after the first
participants entered the study. As a result, 56 men
in the control group were in the trial beyond the
eighth anniversary for a mean period of 54 days, and
56 men in the experimental group for a mean period
of 56 days.
Supplement I1 to C(irclation, Vols. XXXIX and XL, July 1969

ference was significant only in the younger
subjects (fig. 11). The difference was slightly
greater-particularly in the later part of the
trial-among subjects starting with higher se-
rum cholesterol levels. It should be noted that
these data are not independent of the data
presented in figure 10, but rather include the
latter observations pooled with other catego-
ries of events.

Stratification by age and stratification by
presence or absence of pre-existing overt ath-
erosclerotic disease appeared to be largely in-
dependent maneuvers, since prevalence of
detectable complications was only slightly
different in the two age strata. In the younger
stratum, 121 of the 423 participants had some
possible or definite complication identified at
the initial examination, compared with 135 in
the older stratum.
A more impressive clinical response to the

experimental diet among the younger partic-
ipants led us to wonder whether the younger
men had experienced a greater change in se-
rum cholesterol on the experimental diet. The
reverse proved to be true. When follow-up
serum cholesterol data were stratified by age,
mean difference between control and experi-
mental subjects was 11.7% of the starting level
for the younger stratum, 13.7% for the older
stratum. Various baseline characteristics of the
two age strata (those shown in tables 1 through
14) were also compared to determine whether,
in the younger stratum, the experimental
group had ha dsome pre-existing advantage
which accounted for their more favorable ex-
perience. No such advantage was found.
Data relating to clinical outcome were also

stratified on the basis of adherence to the
study diet. Such a stratification involves a
number of pitfalls, discussed below, which in-
terfere with the objective of determining
whether a high level of adherence conferred an
especially great advantage to subjects on the
experimental diet. Despite reservations about
our ability to interpret the data, stratification
by adherence was carried out. In one instance,
stratification was based on total adherence
until termination of the trial or until death for
each participant. Subjects were grouped into
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CLINICAL TRIAL OF HIGH UNSATURATED FAT DIET

three strata of equal size. The results for sud-
den death, myocardial infarction, and cerebral
infarction are given in table 26, Part A. The
greatest difference between incidence rates of
control and experimental subjects occurred in
the stratum with lowest adherence. Consider-
ing the incidence data for the experimental
group alone, differences among the three strata
were not significant, and such differences as

do appear are favorable to the low-adherence
stratum.
A major confounding factor in this analysis

is the probability that clinical outcome influ-
enced adherence as much as adherence in-
fluenced clinical outcome. It seems likely, for
example, that many individuals experiencing
nonfatal myocardial or cerebral infarctions re-

mained in the Center as a result of these
events and therefore adhered to the study
diets more completely than did those of their
fellows who were able, because of good health,
to be discharged. An effort to circumvent this
artifact was made by computing adherence
only to the time of the event, if one occurred;
in addition, events occurring in the first 30
days on the study diet were excluded from
consideration. The data appear in Part B of
table 26. Differences in incidence between the
experimental group and the control group are

now limited to the middle-adherence and
high-adherence strata; the former shows the
largest differences.

Unfortunately, this second method of strati-
fication cannot be depended upon to eliminate
confounding effects. Sustaining a nonfatal
cerebral infarct early in the study, for ex-

ample, might cause an individual to fall into
the high-adherence group; whereas a similar

individual with high early adherence, who did
not sustain a cerebral infarct, might have
taken advantage of his good health to leave
the Center and thus be allocated ultimately to
the low-adherence stratum. Similar considera-
tions appear to invalidate any attempt to strat-
ify our data by adherence. We have cited the
rather obvious confounding effects of dis-
charge from the Center; but even among men

remaining within the Center indefinitely, clin-
ical status may be expected to have influenced
adherence. Indeed, we question the validity
of stratifying data in any clinical trial on the
basis of adherence, except where confounding
effects of this nature can be excluded with
confidence.

All mortality data, subdivided into several
predefined categories, are presented in table
27. As cited earlier, 70 deaths in the control
group were attributed to acute atherosclerotic
events, either as the sole or a major contrib-
utory cause of death, compared with 48 such
deaths in the experimental group. However,
deaths attributed to nonatherosclerotic cause,

as well as deaths of uncertain cause, were more

numerous in the experimental group than
among the control subjects (table 27), so that
total mortality was nearly identical.

Table 28 gives distributions of ages at death
by category of cause of death. Mean age for
men sustaining atherosclerotic death was 3.1
years greater among experimental subjects
than among controls. Death due to "other
cause" occurred 2.3 years earlier in the experi-
mental group than in the controls. For both
categories the difference between the two
groups was significant. When mean age at
death is determined independently of cause,

Figure 10
Cumulative incidence curves for definite myocardial infarction (overt or silent, fatal or non-
fatal) or sudden death. Since the data were computed by the life-table method,27 only the
first qualifying event encountered in a participant was counted. Points are plotted as cumu-
lative incidence rates ± standard error. Where overlap would otherwise occur, standard error
is plotted in one direction only; at some points it is omitted for clarity. Deaths in other cate-
gories were treated as "lost to follow-up" in the Cutler-Ederer schene.27 "Pre-existing com-
plications" refers to any definite or possible manifestation of atherosclerosis, at any site,
recognized at the initial examination. Stratification by age was into two groups of equal size;
the cut point was 65.5 years. The P values, computed by the method of Forsythe and Frey,28
refer to comparison of entire curves. CON. = control; EXP. = experimental.
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nearly identical results are obtained for both
groups: 69.8 years for the control group and
69.5 for the experimental.
These data, too, are examined by the life-

table method in figures 12, 13, and 14. The
difference in favor of the experimental group

in fatal atherosclerotic events xvas consistently
present in both strata whether the data were

stratified on the basis of age or initial serum

cholesterol level or pre-existing overt compli-
cations (fig. 12), but the only difference xvhich
appeared to exist at a statistically significant
level was in the younger half of the population
in which the eight-year incidence rate vas

nearly twice as high in the control group as

in the experimental subjects.
Data on total mortality are shown in figure

13. The difference between the two groups

was not significant. At all intervals there were

fewer deaths in the experimental group than
among the controls. However, when survival
curves are computed (fig. 13, right), a cross-

over in the late part of the mortality curves

appears, due to a simultaneous decrease in
slope for the control group and increase in
slope for the experimental group. This was

largely because of a divergence in the curves

for death due to nonatherosclerotic causes in
the corresponding period (fig. 14).

This last observation generated a number of
questions. Although no toxicity has ever been
associated with the long-term feeding of nat-
ural vegetable oils in humans, experience has,

after all, been limited and the possibility that
harmful effects might occur has been alluded
to by some nutritionists.3 We were thus con-

cerned that the excess nonatherosclerotic mor-

tality in the eighth and ninth years of the

study (fig. 14) might have been due to some

such phenomenon. In an effort to clarify this
question, causes of death in the "other cause"
category were tabulated for the period start-
ing with completion of six years in the study.
These data are shown in table 29. Part A of the
table shows diagnostic categories thought to
represent the primary causes of death in these
suibjects. It will be noted, first of all, that the
total excess nonatherosclerotic mortality in the
experimental group during this phase of the
stuidy was only nine cases, and that nearly half
of these-four deaths-wvere due to trauma
alone. It is not totally inconceivable that these
deaths were influenced by metabolic factors,
but this seems unlikely. Two of these trau-
matic deaths were caused by extensive intra-
cranial injury resulting from skull fractures,
and one was due to extensive burns; the fourth
was due to intertrochanteric fracture of the
femur. The remaining categories show no im-
pressive evidence that a single disease was

responsible for excess mortality in the experi-
mental group. There was, however, an excess

of deaths due to carcinoma among the experi-
mental group compared with the controls.
Chronic obstructive pulmonary disease was

present in clinically significant degree in many
of these subjects and probably contributed to
many of the deaths; as indicated in Part B of
table 29, it was distributed between the two
groups in numbers proportional to the cases

in the table.
The fatal bronchogenic carcinomas which

occurred in the late part of the study and
which are tabulated in table 29 included only
a single epidermoid carcinoma. The histolog-
ical descriptions were as follows: control

Figure 11
Cumulative incidence curves for all "hard" end points (as designated in table 23). Since the
data were computed by the life-table method,27 only the first qualifying event experienced by
a participant was counted. Points are plotted as cumulative incidence rates + standard error.
Where overlap would otherwise occur, standard error is plotted in one direction only; at some
points it is omitted for clarity. Deaths in other categories were treated as "lost to follow-up"
in the Cutler-Ederer scheme.27 "Pre-existing complications" refers to any definite or possible
manifestation of atherosclerosis, at any site, recognized at the initial examination. Stratification
by age was into two groups of equal size; the cut point was 65.5 years. The P values, com-
puted by the method of Forsythe and Frey,28 refer to comparison of entire curves. CON. =
control; EXP. = experimental.
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Table 26

Combined Incidence of Sudden Death due to Coronary Heart Disease, Definite Myocardial
Infarction (Fatal or Nonfatal), and Definite Cerebral Infarction (Fatal or Nonfatal), Stratified
by Adherence to Study Diet*

Cumulative incidence (%)

Lowest adherence Middle adherence
stratum stratum

Con. Exp. Con. Exp.

Highest adherence
stratum

Con. Exp.

A. Stratified by Adherence to End of Trial or to Death*
3.4

(i1.7)t
14.1

(±i3.5)
20.9

(±4.2)
27.5

(±4.8)
30.7

(+5.1)
36.7

(±45.7)
44.8

(±6.6)
44.8

(i6.6)

0.0

3.3
(±1.9)

5.7
(±42.5)

11.0
(±43.5)

14.1
(±-4.0)

17.9
(±J4.6)
22.8

(±5.5)
22.8

(i5.5)

2.4
(±1.3)

6.0
(±2.2)

11.2
(±3.1)

15.9
(±43.7)

18.6
(±4.1)
20.3

(±-4.3)
26.5

(±i5.3)
37.3

(±i7.3)

4.7
(±41.9)

8.7
(±42.6)

12.2
(±+3.2)

17.9
(±4.1)
21.5

(±+4.6)
21.5

(±L4.6)
24.9

(±5.5)
24.9

(±4-5.5)

3.1
(±1.5)

10.6
(±E2.9)
18.5

(±43.9)
21.2

(±4.2)
24.5

(±44.6)
26.5

(±44.9)
31.3

(±L5.7)
43.1

(±t7.8)

4.5
(±1.8)

8.2
(±42.5)

10.3
(±42.9)

14.1
(±43.5)

18.3
(±4.1)
25.1

(±5.0)
29.4

(±5.5)
32.9

(±6.3)

B. Stratified by Adherence to Date of First Qualifying Event,
or to Death* (Events in First Thirty Days Excluded)

1

2

3

4

5

6

7

8

0.0 0.0

2.0
(I1.9)

2.0
(±1.9)

14.0
(±5.9)

17.9
(±-6.8)
22.9

(±i8.0)
22.9

(±8.0)
22.9

(±8.0)

3.6
(±2.5)

5.6
(±-3.2)

10.2
(±44.4)

12.9
(±5.0)

16.4
(±5.9)
25.7

(±8.1)
25.7

(±8.1)

2.9

(±1.4)
11.0

(±2.8)
17.7

(±3.5)
18.9

(±+3.7)
20.4

(±43.9)
26.3

(±44.9)
35.9

(±6.7)
43.1

(±+9.0)

If Any; Otherwise, to End of Trial

0.7
(±40.7)

3.4
(±1.7)

5.7
(i2.3)

12.0
(±-3.7)

14.0
(±-4.2)

16.5
(±44.7)

19.8
(±t5.6)

19.8
(±45.6)

4.3
(±1.7)

12.5
(±2.8)
21.1

(±3.5)
26.1

(±t3.9)
29.8

(±4.1)
30.9

(±4.2)
36.9

(±4.6)
46.4

(±5.5)

5.7
(±i2.0)

10.8
(±-2.6)

13.9
(±43.0)

18.0
(±3.4)
22.7

(±t3.8)
27.3

(±-4.2)
30.2

(±4.5)
32.8

(±-5.0)

* The stratification is believed to have introduced confounding effects; see text.
t Numbers in parentheses are standard errors.
Con. = control; Exp. = experimental.

group, one undifferentiated carcinoma; experi-
mental group, one adenocarcinoma, one ana-

plastic carcinoma, one epidermoid carcinoma,
one poorly differentiated large-cef carcinoma,
and one case of lung tumor with bronchial
obstruction and multiple osteolytic lesions,
with no biopsy or autopsy.

Failure to identify a specific cause of excess

mortality in the data of table 29 does not, of
course, totally exclude the possibility of a

toxic effect of the experimental diet; it is at
least theoretically possible that a generalized
metabolic abnormality might have an effect
on mortality independent of category of dis-
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Table 27

Summary Tabulation of Deaths by Category

Number of cases

Category Control Experimental

Due to acute atherosclerotic event (sole cause) 60 39
Mixed causes, incluA n; acute atherosclerotic event 10 9
Due to atheroscle' complication

without a cutc 1 2
Mixed e'i MICsinc iding atherosclerotic complication
wi -i cute event 10 7

Other cause 71 85
Uncertain cause 25 32

Total 177 174

Table 28

Age at Death by Category of Death and by Diet

Number of subjects dying at given age

Atherosclerotic
Acute athero- Mixed causes, complication, no
sclerotic event, including acute acute event, sole

sole cause atherosclerotic event cause or mixed causes Other cause Uncertain cause
Age at last birthday

(years) Con. Exp. Con. Exp. Con. Exp. Con. Exp. Con. Exp.

> 90 0 0 0 1 1 0 1 0 1 0
84-89 2 4 1 1 2 2 6 2 0 1
78-83 2 4 2 0 1 0 6 5 1 5
72-77 16 9 3 3 0 1 11 16 6 3
66-71 22 15 3 4 4 5 33 30 8 16
60-65 14 7 1 0 3 1 13 31 7 5
54-59 4 0 0 0 0 0 1 1 2 2

All subjects 60 39 10 9 11 9 71 85 25 32

Mean age (geometric) 68.5 71.6 73.1 73.6 73.5 73.0 70.5 68.2 67.9 68.9
P* <<0.05 N.S. t N.S. <0.05 N.S.

*By t-test after logarithmic transformation.
tN.S. = not significant.
Con. = control; Exp. = experimental.

ease. Two reasonable alternative explanations
for the excess nonatherosclerotic mortality in
the late part of the study remain. The first,
and probably the most plausible, is that it was
due to chance alone. Alternatively, one may

postulate that in some of these elderly men,

many of whom were in precarious condition
because of chronic disease, death at a given
time was nearly inevitable and that the experi-
mental diet simply modified the manner of
exitus.

Stratification of clinical results on the basis
of baseline serum cholesterol level revealed a

trend already referred to and best appreciated
Supplement II to Ciculation, Voas. XXXIX and XL, July 1969

by reference to table 30. The effect of the ex-
perimental diet appears to have been manifest
chiefly in the higher-cholesterol stratum, par-
ticularly in the later part of the trial.

Stratification of the population into quartiles
of the serum cholesterol distribution was also
carried out. This, of course, yielded small
groups for analysis of end-point data. The
results for combined incidence of sudden
death, myocardial infarction, and cerebral in-
farction, shown in table 31, do no more than
substantiate the interaction already cited.

Since lower serum cholesterol levels were to
be expected in the older half of the popula-
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Table 29

Causes of Death Among Participants Dying After Six or More Years in Study and Classified
as "Death due to Other Cause'}

Number of subjects

Control ExperimentalCause of death

A. Primary Cause of Death
Bronchogenic carcinoma
Other carcinomas
Trauma
Bleeding gastric ulcer
Septicemia (urinary-tract infection)
Chronic obstructive pulmonary disease
Idiopathic pancytopenia
Ruptured syphilitic aneurysm

Small intestinal obstruction (adhesions)
Laennec's cirrhosis
Acute pancreatitis and adrenal cortical necrosis
Acute alcoholism

Total

0

1

2
1

0

0

1

0

0

1

8

B. Cases among the above in which chronic obstructive pulmonary
disease was primary or contributory cause of death

tion, it appeared possible that stratification by
age and stratification by baseline serum cho-
lesterol were, in effect, the same maneuver.

It was found, however, that the serum cho-

lesterol levels of the two age strata did not
differ greatly: mean level was 236.0 mg/dl in
the younger participants and 231.1 in the
older.

This was pursued further by a factorial
stratification based on both starting serum

cholesterol level and age. Data on four cells
of subjects were analyzed in regard to the
combined incidence of sudden death, myo-

cardial infaretion, and cerebral infaretion. The
results are shown in figure 15. For the high-
age, low-cholesterol cell, the experimental diet
conferred no advantage. The difference be-

5
2
4
1
0

1
1
1
0

1
1
0

17

4 7

tween the two diet groups was most pro-

nounced in the low-age, high-cholesterol cell.
There was no clear evidence of interaction,
but group size was small and the data are in-
adequate for firm conclusions on this point.
The high-cholesterol stratum was examined

to determine whether baseline characteristics
might have been distributed in a manner that
would have given the experimental group in
this stratum an advantage independent of diet.
Among the characteristics shown in tables 1

through 14, one appeared to confer some ad-
vantage to the experimental group in the high-
cholesterol stratum. There were significantly
fewer electrocardiographic diagnoses of "pos-
sible diaphragmatic wall myocardial infarc-
tion" in this group than in the corresponding

Figure 12

Survival curves for fatal atherosclerotic events. Points are plotted as cumulative pro-
portion siurviving ± standard error. Where overlap would otherwise occur, standard error
is plotted in one direction only; at a few points it is omitted for clarity. Deaths in other cate-
gories were treated as "lost to follow-up" in the Cutler-Ederer scheme.27 Deaths due to mixed
causes, one of which was an acute atherosclerotic event, are included. "Pre-existing compli-
cations" refers to any definite or possible manifestation of atherosclerosis, at any site, recognized
at the initial examination. Stratification by age was into two groups of equal size; the cut
point was 65.5 years. The P values, computed by the method of Forsythe and Frey,28 refer
to comparison of entire curves. CON. = control; EXP. = experimental.
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Total mortality, regardless of cause. (Left): number of deaths. (Right): survival curves plotted
from life tables.27 Points on the survival curves are plotted as cumulative proportion surviving
+ standard error. Where overlap would otherwise occur, standard error is plotted in one

direction only. The P value, computed by the method of Forsythe and Frey,28 applies to
comparison of the entire curves.

stratum of the control group (table 32). It is
difficult to estimate the contribution of this
fact to the apparent interaction between base-
line serum cholesterol level and diet, but it
probably was not great.

Gross Grading of Arteries

In order to obtain a preliminary evaluation
of the results of grading at autopsy, numerical
values were assigned to the diets. The data
were tabulated and correlation coefficients
were computed relating area of surface in-
volvement with diet.* These correlation co-

efficients are shown in table 33. In the main,
small corelation coefficients of no significance
were observed. The instances of seemingly
significant correlations (P <0.05) were suffi-
ciently few to suggest chance occurrence.

The results of gross grading of coronary

arteries are presented in figure 16 as histo-
grams giving combined data for all coronary

specimens. There is no evidence of a diet-re-

lated difference among any of the characteris-
tics graded. The same is true (fig. 17) of
combined data for the total aorta plus the

100. DEATH DUE TO OTHER CAUSE,

90.

Z CONTROL

60 '0T
z I"

& 50 EXPERIMENTALXL p = 0.14

40

2 5 6 >8

YEARS IN STUDY

Figure 14

Survival curves for "death due to other cause," as

defined in text (Methods). Paints are plotted as cumu-

lative proportion surviving + standard error. Where
overlap would otherwise occur, standard error is

plotted in one direction only. Deaths in other categories
were treated as "lost to follow-up" in the Cutler-
Ederer scheme.27 The P value, computed by the
method of Forsythe and Frey,28 refers to comparison

of the entire curves.
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*This method of analysis, which gives results ap-
proximating those of a t-test, was selected because
the available program afforded ease of computation
for incomplete data.
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Table 30

Incidence Rates for Major Categories of Events After Stratification of the Study Population
by Baseline Serum Cholesterol Level

Cumulative incidence rates
p

Four-year Eight-year P for
for eight-year

Con. Exp. Con. Exp. curve* incidencet

Sudden death
Low cholesterolt 0.07 0.06 0.12 0.11 0.76 >0.8
High cholesterol§ 0.05 0.05 0.22 0.06 0.08 <0.02

Definite myocardial infarct
(overt or silent)
Low cholesterol 0.10 0.05 0.17 0.16 0.41 >0.8
High cholesterol 0.12 0.10 0.30 0.21 0.67 >0.2

Definite cerebral infarct
Low cholesterol 0.06 0.04 0.07 0.06 0.34 >0.6
High cholesterol 0.07 0.03 0.17 0.06 0.20 0.1 > P > 0.05

Sudden death
or Definite myocardial infarct
or Definite cerebral infarct
Low cholesterol 0.20 0.12 0.31 0.28 0.08 >0.6
High cholesterol 0.23 0.16 0.54 0.28 0.01 <0.001

All "hard" end points
Low cholesterol 0.20 0.13 0.34 0.30 0.06 >0.5
High cholesterol 0.26 0.17 0.56 0.32 0.04 <0.005

Fatal atherosclerotic events
Low cholesterol 0.11 0.07 0.21 0.17 0.31 >0.4
High cholesterol 0.14 0.09 0.29 0.18 0.15 <0.05

*Computed by the method of Forsythe and Frey,28 comparing the control (Con.) group
incidence curve with the experimental (Exp.) group incidence curve.

t Computed by t-test. At four years none of the incidence rates showed significant differences
between control and experimental groups.

t Baseline serum cholesterol <233 mg/dl.
§ Baseline serum cholesterol > 233 mg/dl.

common iliac arteries. Both figures 16 and 17
reveal that the apparent relationship between
diet and intimal hemorrhage, seen in table 33,
was due in each instance to two cases with
extremely high areas of involvement.
The limitations of these data are consider-

able and should be borne in mind. They are

limited, first of all, to men who died. There
was further selection because not all men who
died were autopsied, and some samples were

accidentally lost before they could be graded.
Moreover, since the status of an individual's
vessels at entry into the study was not known,
we were limited to a comparison between the
experimental and control groups at the time

Supplement 11 to Circulation, Vols. XXXIX and XL, July 1969

Table 31

Rates for Combined Incidence of Sudden Death,
Definite Myocardial Infarction (Silent or Overt), and
Definite Cerebral Infarction by Quartiles of Initial
Serum Cholesterol Level

Four-year Eight-year
incidence incidence P for

eight-year
Quartile Con. Exp. Con. Exp. incidence*

Lowest 0.14 0.11 0.24 0.25 N.S.
Second 0.26 0.13 0.37 0.30 N.S.
Third 0.20 0.15 0.54 0.27 < 0.025
Highest 0.27 0.18 -0.53 0.27 < 0.05

*By t-test. None of the four-year incidence figures
revealed significant differences between the control
(Con.) and experimental (Exp.) groups. N.S. = not
significant.
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Figure 15

Cuimulative combined incidence of studden death due to coronary heart disease (C.H.D.),
definite myocardial infarction (silent or overt), and definite cerebral infarction, after factorial
stratification by age at entry and baseline serutcm cholesterol concentration. Vertical lines are
standard errors of the incidednce riates. P values were computed by the method of Forsythe
an-d Frey.28 CON. = control; EXP. - experimental.

of death, in regard to characteristics display-
ing large variances, so that only differences of
considerable magnitude could be detected.
The severity of atherosclerosis in men who

die of CHD is mruch greater than in men who

die of other causes.3`3 These data were there-
fore reanalyzed with attention limited to cases
signed out as "death due to other cause." The
results are shown in the second half of table
33. They again appear relatively uninforma-

Table 32
Frequency of Diagnoses of Diaphragmatic WVall Myocardial Infarction in the Initial
Electrocardiogram for the Higher-Cholesterol Stratum Only

Number of cases

Diagnosis

No diaphragmatic wall infarction
Possible diaphragmatic wall infarction
Definite diaphragmatic wall infarction

Total

Chi2 = 9.79; P < 0.01
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tive except for some suggestion that the extent
of hemorrhagic lesions may have been greater
in the experimental group.

Analysis of Arteries and Atheromata

Subjects from -whom arteries were obtained
for analysis had been in the study for a mean
period of 1,452 days with mean adherence of
60.4% in the control group; for 1,688 days with
53.8% adherence in the experimental group.

Concentrations of total lipid in the various
types of lesions analyzed are plotted in figure
18. There was no difference between the two
groups in lipid concentration of the aorta,
circle of Willis, coronary atheroma, or un-
complicated aortic atheroma. A borderline dif-
ference was noted in complicated aortic
atheroma, the concentration being higher in
experimental subjects than among the con-
trols. The same limitations apply to evaluation
of these data as were cited in reference to the
data on artery grading.
Calcium concentrations of the aorta are

plotted in figure 19. No difference between the
two groups is apparent.

It appeared possible that significant differ-
ences might have been obscured by inclusion
of large numbers of atherosclerotic deaths in
both groups or by inclusion of suibjects who
either adhered poorly to the study diet or who
died shortly after entry into the study. An
attempt to eliminate both these factors is
shoNvn in table 34. When attention is limited
only to subjects with "death due to other
cause," there is still no difference between
groups in concentration of total lipid in aorta
or circle of Willis and no difference in calcium
concentration of aorta. When data limited to
sulbjects with more than 4,000 meals recorded
on the study diet were analyzed (table 34),
there were again no significant differences.
Abundance of cholesterol, triglyceride, and

phosphatide in the lipid of aortic tissue was
also the same in both groups (table 35). This
was also true of coronary and aortic athero-
mata and of circle of Willis (table 36). Cer-
tain interesting differences are, however, ap-
parent in this latter group of analyses.
Coronary atheroma contained substantially
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Figure 16
Results of gross grading of coronary arteries. Ordinate: percentage of area involved; abscissa:
number of cases. The data are values for the right coronary, left coronary, and left anterior
descending arteries combined. CON. = control; EXP. = experimental.

more triglyceride than did either uncompli-
cated or complicated aortic atheroma. This
phenomenon has been described before.34 The
reasons for the chemical difference between
atheromata in these two sites and the implica-
tions of this difference are not apparent. De-
spite efforts to avoid contamination of the
coronary atheroma by adipose tissue, this was
sufficiently difficult that the high triglyceride

concentration might have been due to an arti-
fact from this source. One seeming difference
in table 36 is a methodological artifact: the
data on circle of Willis include the entire
tissue, not just atheroma, and presumably for
this reason phosphatide is the dominant com-
ponent in this tissue alone.

Details of fatty acid composition of the
various arterial samples are shown in tables
Supplement II to Circulation, Vols. XXXIX and XL, July 1969
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Table 34

Arterial Total Lipid and Calcium Concentrations (Limited to Subjects Dead of Causes Other than Ather-
osclerotic Complications or to Cases with Prolonged Experience in the Study)*

Subjects dead of causes other Subjects with > 4,000 meals
than atherosclerotic complications recorded on study diet

Specimen and Total lipid Calcium Total lipid Calcium
diet No. (% of dry weight) (% of dry, defatted tissue) No. (% of dry weight) (% of dry, defatted tissue)

Aorta
Control 18 11.4 + 5.5 5.3 i 5.2 9 19.5 4 10.0 5.5 ± 6.4
Experimental 16 11.3 + 4.0 5.4 i 3.3 11 15.0 ± 7.7 7.7 ± 3.8

Circle of Willis
Control 8 6.6 + 1.9
Experimental 13 7.1 + 3.4

*Values are means i SD.

Table 35 37 through 40. Enrichment of esterified lipids
Concentrations of Major Lipid Classes in Half-Aorta in relation to linoleic acid (18:2) in arterial

tissue and atheromata from experimental sub-
Concentration*(% of total lipid) jects was rather general. It was most pro-

Control Experimental nounced and most consistent in triglyceride
(43 cases) (34 cases) (table 38), and was in general most pro-

Total cholesterol 44.1 + 8.8 44.4 + 8.2 nounced in the experimental group among
Triglyceride 8.1 + 5.4 9.6 + 8.7 subjects with prolonged experience in the
Phosphatide 24.0 ± 7.7 22.8 ± 8.4 study and good adherence. The increase in

*Determined colorimetrically on the total lipid ex- linoleic acid occurred chiefly at the expense
tract. Values are mean ± SD. of oleic acid ('18:1).

Table 36

Concentrations of Major Lipid Classes in Coronary Atheroma, Aortic Atheroma, and Circle of Willis

Concentration of major fractions isolated
on silicic acid (% of total lipid, mean 4 SD)

Cholesterol Free
Specimen No. ester Triglyceride* Cholesterol Phosphatide fatty acid*

Coronary atheroma
Control 49 28.7 + 11.5 17.1 + 17.0 24.8 + 9.2 27.1 ± 9.7 2.2 i 2.3
Experimental 35 27.1 + 10.0 16.7 ± 15.9 25.1 4- 7.9 28.5 i 10.7 2.7 + 2.8

Aortic atheroma, uncomplicated
Control 38 38.8 i 9.4 4.8 i 2.7 25.8 i 7.5 29.3 + 9.9 1.3 + 1.2
Experimental 29 34.5 i 9.1 8.1 + 7.3 25.5 + 8.2 30.0 + 8.2 1.9 4+ 2.5

Aortic atheroma, complicated
Control 40 33.5 + 10.2 8.6 + 6.2 28.3 =t 7.9 28.1 + 9.7 1.5 i 1.2
Experimental 31 32.5 + 9.1 9.3 + 8.3 27.3 =t 9.0 29.3 i 5.3 1.5 i 2.1

Circle of Willist
Control 18 16.6 i 8.8 3.1 ±t 1.5 30.0 + 5.7 48.2 + 10.6 2.2 i 1.5
Experimental 15 16.2 i 8.1 3.4 i 3.3 27.3 ± 4.0 49.9 + 11.6 3.2 i 2.1

* In most instances distributions of triglyceride values and free fatty acid values were non-normal, skewed
toward lower values.

t The whole vessel, freed of adventitia, was analyzed.
Supplement 11 so Circulatiot, Vokl. XXXIX and XL, July 1969
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Figure 17

Results of gross grading of aortas. Ordinate: percentage of area involved; abscissa: number
of cases. The data ate oalues for all segments of the aorta, plus both common iliac arteries.
CON. = conlti ol; EXP. = expet -itnental.

Equally striking were lowered concentra-
tions of arachidonic acid (20:4) in arterial
lipids of experimental subjects, particularly in
the subgroup with prolonged experience and
high adherence (tables 37 to 40). Among ex-
perimental subjects selected for > 85% adher-
ence over a period exceeding 700 days, only
phosphatide and free fatty acid in the circle
of Willis failed to display lowered mean values
for arachidonic acid, although many of the.

individual differences were not significant by
t-test. The reduction in arachidonic acid was

particularly clear-cut in phosphatide (table
39).
We have carefully considered the possibility

that the lowered arachidonic acid levels of
arterial lipids might be an oxidative artifact.
Several considerations indicate that this was

not the case. First, conditions of storage after
tissue was obtained have been demonstrated
Supplement II to Circulation, Vols. XXXIX and XL, July 1969
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values. The other tissues showed no significant difference between experimental (EXP.) and
control (CON.) groups.

to preserve arachidonic acid concentrations in
human arterial tissue;'3 delays in obtaining
autopsies were variable, but ought to have
been random. Second, none of the gas-liquid
chromatographic peaks appeared artifactual
judged by relative retention time and contour.
Third, oxidative losses would not be likely to
be selective for phosphatide. Finally, support
for the supposition that this is a real effect of
the experimental diet, and reassurance that it
is not a toxic effect, are provided by recent
observations of Witting and his co-work-
ers.35' 35a, 35b They observed that deficiency of
a-tocopherol in the rat results in the seeming
paradox of an increased arachidonic acid con-
centration in phosphatide of liver, skeletal
muscle, and testis. Since this was accompanied
by accelerated incorporation of acetate carbon
into arachidonate, they concluded that this
was a manifestation of a homeostatic mech-
anism which served to compensate for loss of
other polyunsaturated fatty acids.
The relevance of Witting's experiments to

our observations is illuminated by our pub-
lished data concerning the vitamin E status
Supplement II to Circulation, Vols. XXXIX and XL, July 1969

of subjects in this trial. Experimental subjects
were found to have a much higher intake of
a-tocopherol than the controls, serum levels of
a-tocopherol twice as high as the controls, and
lowered susceptibility of erythrocytes to he-
molysis by peroxide.36 In short, their vitamin
E status was better than that of the control
subjects. However, when adequacy of dietary
tocopherol supply was judged by the stan-
dards of Harris and Embree (based on the
ratio of a-tocopherol to polyunsaturated fatty
acid), the experimental diet appeared slightly
deficient and the control diet distinctly de-
ficient in vitamin E. For reasons discussed in
the earlier publication, characterization of
either diet as truly tocopherol-deficient seemed
dubious.36 Nonetheless, it seemed plain that
the experimental subjects were more abun-
dantly supplied with vitamin E than were the
controls, and it now appears plausible to attrib-
ute the lowered arachidonate concentrations
in atheromata of long-term experimental sub-
jects to this fact. Its possible physiological and
clinical implications are obscure; a priori one
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Calcium concentrations of whole aortic tissue freed of
adventitia. CON. = control; EXP. = experimental.

tends to be concerned about lowered con-

centrations of a fatty acid considered impor-
tant in membrane structure, yet these lowered
concentrations appear to be a consequence
of vitamin E surfeit, or at least sufficiency.
No important or systematic differences in

fatty acids were noted among the three types
of atheromata analyzed. Circle of Willis frac-

tions did differ in fatty acid composition from
the other samples, but the circle of Willis
sample was total tissue and not atheroma.

Arterial free fatty acid contained less lino-
leic acid than did any of the esterified frac-
tions; furthermore, its linoleic acid content
failed to rise on the experimental diet. Because
of possible contributions of postmortem reac-
tions-enzymatic as well as nonenzymatic'5-
to this small and active fraction, the relation-
ship of these concentrations to those prevail-
ing during life is dubious.

Serum Cholesterol Changes After Termination
of the Trial

To evaluate rapidity of regression of serum
cholesterol levels on changing from unsatu-
rated to conventional fat intake, selected long-
term good adherers of both groups had de-
terminations done at frequent intervals after
the end of the trial. Their data are shown
in figure 20. By chance, these two subgroups
had similar cholesterol levels in the last year
of the trial. When the experimental group
returned to a conventional diet, serum choles-
terol rose promptly. Most of the change had
occurred after one week, and the new level
vas reached within two weeks (fig. 20). This
rise, after an average of seven years on the
experimental diet, was as rapid as that seen in
short-term metabolic tests,4 and the magnitude
of the change-about 30 mg/dl-was compara-
ble to the drop at the start of the study. Ap-
parently stored linoleic acid, in slow-turnover
sites such as adipose tissue, has no influence
upon serum cholesterol levels.

Discussion

Other Dietary Trials: Primary Prevention

Many relatively large-scale clinical trials
were begun in the late 1950s. One of these was
the "Anti-Coronary Club" under the direction
of Jolliffe, Christakis, Rinzler, and their col-
leagues.37 This program, still in progress, in-
volves the study of many hundreds of
free-living volunteers who were placed on a
"prudent diet." The diet contains 30 to 33% of
total calories in the form of fat and involves
modification of the type of fat so that polyun-
saturated fatty acid is 1.25 to 1.5 times as
Supplement II to Circulation, Vols. XXXIX and XL, July 1969
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Serum cholesterol levets immediately before and subsequent to termination of the dietary
trial. The subjects were 10 participants on experimental diet and 11 on control diet, selected
for prolonged experience (mean experimental, 2,556 days; control, 2,622 days) and high ad-
herence (mean experimental, 89.7%; control, 88.8%). "Change in diet" applies to the experi-

mental group only. The time of the change is indicated by the arrow. Points are plotted as

mean standard error.

abundant as saturated fatty acid. Overweight
subjects were initially placed on a low-calorie,
low-fat diet until weight reduction had been
achieved, then were transferred to the "pru-
dent diet." Serum cholesterol levels dropped
about 30 mg/dl.
New coronary events and mortality data for

941 volunteers free of pre-existing CHD were

compared with those in a group of middle-
aged men attending cancer detection clinics.37
Among the members of the Anti-Coronary
Club there were 17 confirmed new events dur-
ing 3,954 man-years of experience in which
they were active participants in the program.

The men attending the cancer detection
clinics had 32 confirmed new events in 3,122
man-years of experience. The difference was

statistically significant. Rates of death due to
other causes were nearly identical for the two
groups.* The experience of participants in the
Anti-Coronary Club with pre-existing coronary

heart disease has not been published.
An institutional primary prevention study

involving two Helsinki mental hospitals has

been reported by Turpeinen and his col-
leagues.38 One of the two hospitals was con-

tinued on a conventional diet while the diet of
the other hospital was changed to one involv-
ing limitation of saturated fat and augmenta-
tion of unsaturated fat intake. The two hospital
populations were similar but not identical:
the control hospital population consisted
mostly of rural persons, whereas the experi-
mental hospital population was mostly of ur-

ban origin; and initial serum cholesterol con-

centrations were 17 mg% higher in the control
hospital than in the hospital which served the
experimental diet.
The results of the trial were judged largely

in terms of electrocardiographic evidence of
new coronary heart disease, appraised by a

physician unaware of the subject's diet.
Among 241 control subjects there were 25
instances of probable coronary heart disease,
compared with 12 instances among 313 sub-
jects in the treated hospital. CHD deaths
numbered seven in the experimental hospital
and ten in the control hospital. The difference
in total incidence of new CHD was significant.
When suicides were excluded, noncoronary*S. Rinzler: Personal communication.
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Table 37

Arterial Cholesteryl Ester Fatty Acid Concentrations

Mean Mean
Number days adher-

of in ence
specimens study (%)

Coronary atheroma
Control
Experimental, all cases

Experimental, > 365 days, > 70O7**
Experimental, > 700 days, > 85 O***

Aortic atheroma, uncomplicated
Control
Experimental, all cases

Experimental, > 365 days, > 70%**
Experimental, > 700 days, > 85%***

Aortic atheroma, complicated
Control
Experimental, all cases

Experimental, > 365 days, > 70%**
Experimental, > 700 days, > 85%***

Circle of Willis
Control
Experimental, all cases

Experimental, > 365 days, > 70%0**
Experimental, > 700 days, > 85%***

46
34
14
8

36
28
11
6

38
29
13
7

30
27
10
4

1598
1789
1710
1813

1516
1667
1696
1864

1518
1728
1781
1879

1870
1884
1998
2307

65.4
51.5
86.3
93.3

60.2
53.3
85.8
93.2

58.3
58.2
86.3
93.8

58.4
47.2
82.2
92.1

14:0

0.2 0.1
tr.

0.1 0.1
0.2 0.2

0.2 ±t0.1
0.2 ±0.1
0.2 0.1

tr.

0.2 0.1
tr.
tr.

0.1 i 0.1

tr.
0.2 i 0.1

0

0

16:0

14.8 i 0.6
14.3 i 0.8
15.7 1.1
16.5 1.5

12.7 0.7
13.5 0.6
13.2 i 0.7
12.5 i 0.9

14.4 0.5
14.2 0.7
14.4 1.2
15.6 1.3

13.9 0.7
15.6 0.9
15.4 1.3
17.7 2.6

16:1

5.1 0.2
4.6 0.3
4.7 ±0.4
4.6 0.6

4.7 0.3
4.3 i 0.3
4.0 4 0.5
3.6 i 0.4t

5.7 ±: 0.3
4.2 1.3
3.7 ±t 0.4§
2.9 0.3§

5.9 0.5
5.8 ±0.5
5.9 ±0.7
4.5 ±: 0.4t

18:0

2.4 0.4
1.9 0.2
1.7 ±2.3
2.0 i 0.4

1.7 ±0.3
2.5 i 1.1
1.3 1.4
1.4 0.2

1.9 ±0.4

1.7 0.2
1.4 i 0.2
1.4 + 0.3

3.0 4 0.6
4.7 1.0
3.6 0.9
4.8 i 2.1

* Fatty acids are identified by chain length and number of double bonds; tr. = trace.
tP <0.05
t P < 0.01 for difference between given value and control value, by t-test. Result of t-test is not reported where a
§ P < 0.001 mean value is 0.
** Selected for having been in study > 365 days prior to death, with > 70% adherence.
*** Selected for having been in study > 700 days prior to death, with > 85% adherence.

death rates were similar in the two hospitals.
After six years of the trial just cited, a cross-

over of the two hospitals was undertaken;
that is, the original control hospital was put
on the experimental diet and vice versa. This
second phase of the trial, still in progress, has
shown incidence trends favorable to the ex-

perimental diet, but not at a statistically sig-
nificant level when last reported.* Clinical
results on the women in this study have not
been published.

Other Dietary Trials: Secondary Prevention

Most of the reported clinical experiments
are in the secondary prevention category. Mor-
rison has reported treating alternate survivors
of myocardial infarction with a low-fat, low-

cholesterol diet. After 12 years all 50 control
subjects were dead, whereas 19 of 50 treated
subjects were reported still alive.3"

Nelson has reported experience with a low-
fat diet in private practice. The subjects were

individuals with coronary heart disease or

cerebrovascular disease. Among 110 persons
treated for an average of 50 months with
satisfactory lowering of serum lipids, 10% died.
In 26 individuals in whom failure of lipid-
lowering was observed, 31% died during an

average treatment period of 51 months. In a

third group of 39 persons who quit the recom-

mended diet, 33% died after an average period
of 53 months.40
Lyon and his co-workers have reported re-

sults of a secondary prevention trial in free-
living persons who were instructed in the use

of a diet limiting total fat intake to 50 g/day
Supplement ll to Circulation, Vols. XXXIX and XL, July 1969

*O. Turpeinen: Personal communication.
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Concentration as percentage of total fatty acid in fraction (mean ± sE)*

18:1 18:2 18:3 20:0 20:1 20:2 20:3 20:4 22:4

40.2 4 1.1 30.5 ± 1.3 0.4 0.1 tr. 0 0.2 4 0.1 1.2 + 0.2 4.9 4 0.5 0
36.2 i 1.2t 36.2 ±4 1.3k 0.3 ±t 0.1 tr. 0 0.4 i 0.1 1.2 +4 0.2 4.8 + 0.5 0
34.1 ± 1.41 37.8 i 2.1t 0.1 =t 0.1 0 0 0.5 + 0.2 1.2 + 0.2 4.1 + 0.6 0
35.3 i 1.6t 36.5 + 3.1 0.2 ± 0.2 0 0 0.4 ± 0.2 0.8 +: 0.2 3.5 ± 0.7 0

36.1 i 1.1 36.0 ±4 1.4 0.4 ± 0.1 tr. tr. 0.2 i 0.2 1.5 ± 0.2 6.5 ± 0.5 0
33.7 4 1.5 38.1 t 2.2 0.3 + 0.1 0 tr. 0.3 + 0.1 1.4 ± 0.2 5.5 4 0.5 0
30.3 i 2.5t 43.1 =t 2.9t 0.2 =t 0.1 0 0.1 i 0.1 0.5 + 0.2 1.7 ± 0.3 5.5 4 0.7 0
28.9 4± 1.5§ 45.8 ±4 2.2§ 0.3 ± 0.1 0 tr. 0.4 4 0.2 1.6 + 0.4 5.4 + 0.9 0

35.0 ± 0.8 34.4 i 1.2 0.3 =t 0.1 0 tr. 0.3 ± 0.1 1.2 i 0.2 6.6 4± 0.6 0
29.8 i 1.1§ 42.5 d= 1.3§ 0.2 i 0.1 0 0 0.2 ± 0.1 1.0 i 0.2 6.1 i 0.9 0
26.9 ± 1.7§ 45.2 ± 1.8§ 0.2 ± 0.1 0 0 0.1 ± 0.04 1.2 +- 0.3 7.0 + 1.7 0
28.4 ±t 0.6§ 46.5 i 2.3§ 0.2 i 0.2 0 0 0.2 ± 0.2 0.5 ± 0.4 4.2 ± 0.4t 0

42.1 i 1.3 28.6 ±4 1.2 0.4 i 0.1 tr. 0 0.4 i 0.2 1.0 =± 0.2 4.3 ± 0.9 0
39.0 ±t 1.1 28.9 ± 1.4 0.8 i 0.2 0 0 0.4 + 0.1 1.1 ± 0.2 3.5 ± 0.5 tr.
38.3 ± 1.7 31.0 ±2.1 0.9 ± 0.2 0 0 0.6 4 0.2 1.3 4 0.3 3.1 ± 0.7 0
37.0 ± 2.0t 33.0 ± 4.2 0.2 ± 0.2 0 0 0 0.3 + 0.3 2.6 ± 1.5 0

and cholesterol intake to 200 mg/day. The
subjects were subsequently identified as being
either dieters or nondieters by response to a
written questionnaire. The dieters were found
to have a significantly lower "atherogenic in-
dex" than did the nondieters. After 4.2 years
of follow-up the nondieters had had 51 re-
currences of myocardial infarction, 13 of them
fatal, whereas the dieters after 3.8 years of
follow-up had had 15 myocardial infarctions
of which 4 were fatal. The differences in both
incidence rates and fatality rates were signif-
icant.41

Korianyi has reported a comparison of four
diets in postmyocardial infarct outpatients. A
preliminary report describes lower mortality
(8.6%) in a group on a low-fat diet than in a
control group (19.7%) ;42 however, details of
the project are not documented.
Hood and his colleagues have reported a

retrospective study comparing the course in
hyperlipidemic subjects who adhered to serum
lipid-lowering diets with the course in indi-
viduals in the same clinic who failed to adhere
Supplement II to Circulation, Vols. XXXIX and XL, July 1969

to dietary recommendations. Most of the sub-
jects had pre-existing coronary heart disease.
The recommended diet during the early part
of this study was one low in fat and low in
cholesterol. It was subsequently changed by
addition of large intakes of highly unsaturated
vegetable oils. Although the total incidence
of new events differed little between the two
groups, death rates were almost four times
as high among the subjects who failed to ad-
here to the diet as among those who did.43
Leren has completed a controlled five-year

secondary prevention trial in which 412 male
survivors of myocardial infarction were
randomized into control and experimental
groups.44 The participants lived and ate at
home. The control subjects received no dietary
advice, whereas experimental subjects were
insrtucted in preparation of a diet similar to
that employed in our trial. The subjects were
initially relatively hypercholesterolemic, with
mean serum cholesterol levels of 296 mg/dl
in both groups. A drop of 17.6% occurred in
serum cholesterol in the experimental group
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Table 38
Arterial Triglyceride Fatty Acid Concentrations

Mean AMean
Number days adher-

of in ence
specimens study (%)

Coronary atheroma
Control
Experimental, all cases
Experimental, > 365 days, > 7WI`c **
Experimental, > 700 days, > 85% ***

Aortic atheroma, uncomplicated
Control
Experimental, all cases
Experimental, > 365 days, > 70)
Experimental, > 700 days, > 85/O

Aortic atheroma, complicated
Control
Experimental, all cases
Experimental, > 365 (lays, > 70 - * *
Experimental, > 700 days, > 85 *

Circle of Willis
Control
Experimental, all cases
Experimental, > 365 days, > 70(c,-**
Experimental, > 700 days, > 8566 * **

49
36
14
8

39
28
12
7

39
29
13
7

30
28
10
4

15593
1725
1710
1813

1591
1641
1719
1879

1465
1 728
1781
1879

1870
1862
1998
2307

64.2
51.9
86.3
93.3

59.9
54.9
86.8
93.8

59.7
58.2
86.3
93.8

58.4
46.1
82.2
92.1

14:0

0.9 i 0.2
0.6 ± 0.2
1.0 i 0.3
0.9 ± 0.4

0.4 ± 0.1
0.3 ± 0.1
0.5 ±E 0.3
0.1 4± 0.1

0.9 ± 0.2
0.5 ± 0.2
0.7 ± 0.4
1.0 ± 0.7

0.2 4 0.1
0.2 ± 0.1
0.2 i: 0.2
0.3 i 0.3

16:0

22.6 ± 0.5
19.8 ± 0.7$
20.4 ± 1.1
21.1 1.1

22.4 ± 0.9
23.0 ± 0.7

21.2 i 0.8

19.8 ± 0.8t

24.1 4 0.5
21.9 ± 0.6$
23.1 ±0.7
23.1 ±0.9

22.1 4 1.0
22.0 ±E0.7
20.3 ± 0.8
19.2 ± 1.5

161

5.2 ± 0.3
4.3 ±0.4
4.1 ±0.6
4.1 ±0.7

4.5 ± 0.3
3.6 ± 0.4
3.4 i 0.5
3.9 i 0.8

5.1 00.3
3.9 ±0.3$
3.6 ± 0.4$
3.9 ±05t

3.5 0.3
4.1 ±0.3
3.8 ± 0.4
3.1 0.6

* Fatty acids are idenitified by chain length and number of double bonds; tr. = trace.
t P < 0.05 for difference between given value and( conitrol value, by t-test. Result of t-test is niot reported w'here a

§ P < 0.001 mean value is 0.
** Selected for having been in study > 365 davs prior to death, with > 70 C adherence.
*** Selected for having been in study > 700 days prior to death, with > 851,-c adherence.

compared with 3.7% in the control group.
Diagnoses of new myocardial infarction were
left to a "blindfold" diagnostic board, but
diagnosis of angina pectoris apparently wvas
not. Total CHD relapses occurred in 64 sub-
jects in the treated group and 90 members
of the control group. This difference was sig-
nificant. In contrast to the results of our pres-
ent study, there was no difference in the num-
ber of sudden deaths (27 in each group), and
a large part of the difference between the two
groups was due to new angina pectoris (8 in
the treated group, 20 in the controls).
Bierenbaum and his co-workers have also

reported a secondary prevention study.45 One
hundred young and middle-aged men with
coronary heart disease, under treatment as
outpatients, were randomly assigned to either
of two experimental diets. Both contained 28%

fat calories, derived in one instance from
conventional fat and in the other largely from
unsaturated fat. A serum cholesterol drop of
19 mg/dl was achieved in the first group cited
and 25 mg/dl in the second.
Pooled clinical results for the combined

treated groups were compared with observa-
tions in a group of 100 men with coronary dis-
ease recruited from industry, group-matched
to the study subjects, and left untreated.
Among the combined study groups, the inci-
dence of recurrent myocardial infarction was
4.5/100 man-years compared with 7.1 in the
untreated group. Death rates were 2.1/100
man-years in the combined study groups com-
pared with 4.9 in the control group. The dif-
ferences in both incidence of reinfarction and
death rate were statistically significant.45
SuPplement II to Circulation, Vols. XXXIX and XL, July 1969
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Concentration as percentage of total fatty acid in fraction (mean i SE)*

18:0

7.4 i 0.4
7.4 ± 0.5
6.1 4 0.6
6.5 i 1.0

7.7 ±0.5
6.8 i 0.3
7.2 4 0.3
7.1 4 0.4

8.3 i 0.4
8.0 ± 0.4
8.2 i 0.6
8.7 4 0.9

9.2 ±4 0.7
10.2 i 0.9
9.1 + 1.2

10.8 i 2.9

18:1

52.9 + 0.8
50.0 ± 1.3
46.2 + 1.2§
46.7 4 1.91:

49.5 ± 1.2
46.8 4 1.1
42.8 ± 1.81
43.5 t 1.3t

47.8 4 0.9
44.6 i 1.2t
41.1 i 1.5§
41.2 i 2.21t

52.7 ± 1.3
47.2 ± 1.3t
46.4 i 2.1t
48.1 4 3.9

18:2

9.5 i 0.4
17.2 ± 1.3§
21.9 ± 2.4§
20.1 i 2.8§

13.7 ± 1.3
18.7 i 1.4t
24.0 i 2.0§
24.7 ± 1.7§

11.9 ± 0.5
19.4 i 1.1§
22.2 ± 1.5§
21.3 ±t 1.9§

11.3 i 1.0
15.3 ± 1.4t
18.6 i 1.7§
16.9 i 1.71:

18:3

1.2 + 0.3
0.7 ± 0.2
0.5 + 0.2
0.7 i 0.2

0.6 4 0.1
0.3 ± 0.-
0.1 i 0.11I
0.2 ± 0.2

0.8 ± 0.1
0.4 ± 0.1
0.1 ± 0.1§
0.1 ± 0.1§

0.8 ± 0.2
0.4 ± 0.1
0.5 ± 0.2
0.3 ± 0.3

20:1 20:2

0
0
0
0

tr.
0
0
0

0
0
0
0

0
0
0
0

tr.
tr.
0
0

0.3 ± 0.1
0.2 ± 0.1
0.2 ± 0.1
0.3 i 0.2

0.3 4 0.1
0.1 ± 0.1

0
0

0
0
0
0

20:3

tr.
0
0
0

0.3 ±0.1
tr.
tr.
tr.

tr.
0.3 ± 0.1
0.3 ± 0.2
0.2 ± 0.2

tr.
tr.

0.1i 0.1
0

20:4

0.2 ± 0.1
0
0
0

0.6 ± 0.3
0.1 ± 0.1
0.2 ± 0.2
0.4 ± 0.3

0.8 ± 0.4
0.9 ± 0.3
0.8 ±4 0.3
0.5 ± 0.3

0.3 ± 0.2
0.4 ± 0.3
0.4 ± 0.4

0

22:5

0
0
0
0

0
0
0
0

0
tr.
0
0

0
0
0
0

Some negative results have been reported
as well. Rose, Thomson, and Williams have
described a secondary prevention trial involv-
ing three groups: a control group (26 sub-
jects); a group receiving olive oil with restric-
tion of animal fat (26 subjects); and a group

receiving corn oil with restriction of animal fat
(28 subjects) .46 The subjects were free-living
middle-aged and elderly patients with pre-

existing coronary disease. Serum cholesterol
levels fell about 27 mg/dl in the corn oil
group. There was no significant serum choles-
terol change in the other two groups. At the
end of the trial 75% of the control subjects
were alive and free of reinfarction compared
with 57% of the olive oil group and 52% of the
corn oil group. While the experience of the
control group was not different from the worse

experience of the corn oil group at the 95%
confidence level, the possibility that the study
had failed by chance to detect a significant
benefit appeared remote.

Another negative result was reported from
a secondary prevention trial by a group of

Supplement II to Circulation, Vols. XXXIX and XL, July 1969

investigators in London employing a low-fat
diet.47 The study involved middle-aged male
survivors of myocardial infarction who were
randomized to either of two groups and man-
aged as outpatients. Evaluation of events was
carried out by a physician who was unaware
of the dietary assignments. Mean follow-up
time was three years for both groups. Serum
cholesterol concentrations fell, on the average,
23 mg/dl in the control group and 39.5 mg/dl
in the low-fat group. However, relapse rates
and death rates were similar for the two
groups.
Another collaborative effort among a group

of London investigators involved testing a diet
high in unsaturated fat in male survivors of
myocardial infarction.48 Participants were al-
located at random, 199 to the experimental
group and 194 to a control group. The experi-
mental diet, prepared at home, involved rigor-
ous restriction of saturated fat and inclusion
of 85 g of soybean oil daily. Serum cholesterol
in the experimental group fell from 272 mg/dl
to 213, then rose slowly, so that the mean
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value in the test period was 221. In the control
group, the starting level was 273; there was an

initial drop to 259, and the mean level during
the trial was 258.
CHD relapses were evaluated by a "blind-

fold" committee. Among the control group, 74
men suffered relapses, compared with 62 of
the subjects on the experimental diet. Of the
first relapses, 39 were "major" (definite myo-

cardial infarction or CHD death) in the con-

trol group, and 40 in the experimental group.

A total of 51 major relapses occurred in the
control group and 45 in the experimental
group; 25 relapses in each group were fatal.
None of these differences were statistically
significant.
From their own results and the outcome of

the similar trial by Leren, the London investi-
gators concluded that the experimental diet
induced some difference in relapse rate but
not in mortality rate, and that use of such a

diet for secondary prevention was probably
not worthwhile.

Summary of Published Results

The studies just cited vary widely in design,
from retrospective analyses of casually col-
lected clinical data to large-scale studies of
randomized subjects carried out under me-

ticulously controlled conditions. Most of the
trials were tests of secondary prevention. In
the two primary prevention trials, data for the
total study populations have not been pub-
lished. All these studies except two of the
secondary prevention trials yielded results fa-
vorable to the cholesterol-lowering diet. These
reports must be viewed as encouraging. But
one may reasonably take the position that a

clinical trial in this difficult area is convincing
only when it involves randomization of sub-
jects and fully blindfold evaluation of end
points. Only two of these trials-the two co-

operative studies in the London hospitals47' 48
-approximated these criteria. Of these two

studies, the test of a low-fat diet yielded nega-

tive results. Because it was a secondary pre-

vention trial, because it involved a low-fat
diet, and because only modest net reductions
of serum cholesterol were achieved, one's
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ability to generalize from this negative out-
come is limited. The outcome of the London
trial testing a diet rich in unsaturated fat must
be viewed as providing little or no validation
for use of such a diet in secondary prevention.

In addition to these two trials, Leren's sec-
ondary prevention study44 requires particular
attention since the subjects were randomized
and since myocardial infarction was evaluated
by a blindfold committee, although angina
pectoris was not. If one excludes new angina
pectoris from the outcome data, confining
analysis to sudden death or myocardial rein-
farction, Leren's study resulted in 61 relapses
in 206 experimental subjects and 81 relapses
in 206 controls; P (by chi-square) 0.05. It
is difficult to state whether this study yielded
better results than the similar London trial48
because of chance or because of differences in
the characteristics of the study populations.

Published data from these trials provide
limited enlightenment concerning possible
toxic effects of prolonged intake of abundant
unsaturated fat. Some of the studies did not
employ unsaturated fat feeding; some of the
trials were possibly too brief to yield infor-
mation on this point; most of the publications
failed to report data on nonatherosclerotic
mortality. The two primary prevention trials
were the main exceptions. As already cited,
the Anti-Coronary Club reported similar rates
for deaths due to noncoronarv causes for their
treated and control groups. Since the control
subjects (but presumably few or none of the
Anti-Coronary Club members) were in reg-
ular attendance at cancer detection clinics,
the Anti-Coronary group might perhaps have
been expected to have somewhat higher non-
coronary death rates even if the diet were free
of harmful effects. The Finnish trial also
yielded no evidence of a toxic effect during
six years of unsaturated fat feeding.38
Significance of the Present Trial
The study described herein is, as far as we

know, the first application of the double-blind
technique to a nutritional problem.* Save for

*A more elaborate application of the double-blind
technique to the same problem has been described in
the report of the National Diet-Heart Study.49
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this, it is unique in regard to no single charac-
teristic. It does, however, have the virtues of
combining the double-blind feature with ran-
domization of subjects and an institutional
setting. Certain weaknesses must be conceded,
in particular the relatively low adherence rate
which amounted to approximately 50% overall.
It is impossible to compare this level of ad-
herence with those prevailing in other studies,
since most reports do not include this informa-
tion. Presumably adherence level was higher
in the mental hospitals studied by Turpeinen
and his colleagues, at least during periods of
residence within the hospitals. Another short-
coming of the present trial relates to the
limited number of subjects. This is best appre-
ciated by referring to statistical analysis of
the data on the primary end point-sudden
death or myocardial infaretion. Although the
number of men affected was 20% lower in the
experimental group than among the controls,
this fact was not established at a satisfactory
confidence level. These two weaknesses of our
trial-small population size and incomplete ad-
herence-are of course common to almost all
studies thus far reported.
On the other hand, certain other features of

the data give strong support to the conclusion
that the experimental diet did, in fact, have a
prophylactic effect. Most important are the
data on definite cerebral infarction and the
fairly impressive differences in incidence rates
when this category-with or without other
"hard" end points-is pooled with the pri-
mary-end-point data. Additional support for
an affirmative conclusion is derived from the
fact that stratification of the outcome data
yields results in agreement with a priori con-
siderations. That is, the differences wvere most
impressive in younger subjects and in men
with higher serum cholesterol levels at the
start.
The possibility that some variable other

than diet accounted .for the outcome of the
trial deserves careful consideration. We have
identified only one characteristic of the study
groups which generates any suspicion of a dif-
ference in initial risk: cigarette smoking. But
any advantage of the experimental group re-

sulting from differences in smoking habits must
have been slight, judging from the data of
table 13.

Total longevity was not affected favorably
in any measurable or significant degree. It
may be argued that demonstration of signif-
icant results in total mortality rates was too
much to hope for in this relatively small trial
among older subjects. On the other hand,
such an outcome-if encountered in a study
of tight design-would eliminate concern
about diagnostic judgment or bias and provide
the most nearly unassailable ansxver to the
question. For this reason, and because of the
unresolved question concerning toxicity, we
consider our owvn trial, vith or without the
support of other published data, to have fallen
short of providing a definitive and final answer
concerning dietary prevention of heart disease.

Applicability to the Population at Large

No clinical trial of the questions posed in
this program is capable of yielding results
which are totally generalizable to the popula-
tion at large unless the study subjects repre-
sent a random sample of that population. It is
unlikely that any such study vill ever be
achieved. Recognition of the limitations in ap-
plicability of the results of any trial is there-
fore a legitimate concern. The chief limitations
in the present instance derive mainly from the
facts that the subjects wvere elderly, were men,
and were institutionalized. One may thus have
some reservations concerning application of
these results to women, and one may also
xvonder about the possibility of inducing large
segments of the free-living population to un-
dertake and maintain dietary changes such as
those we tested. Our experience, as well as
that of other investigators,49 suggests strongly
that the chief obstacle here is simply one of
technology and availability of special foods.
The trial also failed to yield information

concerning potential benefits in individuals
with extreme elevations of serum cholesterol.
It failed, too, to provide information concern-
ing the potential effects of dietary modifica-
tion at earlier ages.
Supplement 11 to Circulation, Vols. XXXIX and XL, July 1969
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What is the Ideal Atherosclerosis-Preventing
Diet?

The diet tested in this program was selected
for purely pragmatic reasons: we did not be-
lieve we could mount and sustain a trial of any
other type of lipid-lowering diet in this in-
stitution. Epidemiological studies favor the
conclusion that a low-fat diet is perhaps the
promising path to longevity.1 2 But none of
these studies has successfully dissected the
effects of dietary fat away from the effects of
other variables, and they have provided little
information about incidence rates in popula-
tions habitually consuming large amounts of
highly unsaturated fat. Indeed, only one such
population, the Burmese, is known to us to
approach this characteristic.50 From the point
of view of currently available information,
then, the question of the ideal diet for ath-
erosclerosis prevention seems entirely open.

It is also a matter of considerable impor-
tance to evaluate the relative influence of
change in type of dietary fat and change in
amount of dietary cholesterol upon the out-
come of our trial, since it is theoretically
conceivable that one or the other mod-
ification was by itself responsible for all the
clinical benefit of the experimental diet. Most
likely, the relative effects of these two changes
in nutrients upon serum cholesterol concentra-
tion constitute an index of their clinical effects.
When the equation of Keys, Anderson, and
Grandes I30a is applied to our data, it is esti-
mated that the reduction of dietary cholesterol
accounted for about one-sixth of the difference
between the follow-up serum cholesterol levels
of the control and experimental groups. It is
probable, therefore, that the change in satura-
tion of the dietary fat, having produced five-
sixths of the serum cholesterol change, was the
most important influence upon the clinical
results.

Does the Experimental Diet Have Noxious
Effects?

At the time the decision was made to phase
out the experimental diet, we were unaware
of the trend which ultimately appeared in
deaths due to nonatherosclerotic causes. As
matters turned out, we inadvertently discarded
an opportunity to determine whether the dif-
Supplement II to Circulation, Vols. XXXIX and XL, July 1969

ferences in this category were a chance
phenomenon or the early evidence of a sig-
nificant trend. This must be viewed as a serious
loss.
As indicated in table 29 and discussed in

some detail above, the excess mortality in non-
atherosclerotic categories was not sufficiently
impressive to justify the conclusion that harm-
ful effects had been demonstrated. Nonethe-
less, this small excess nonatherosclerotic mor-
tality in the late years of the study raises the
very important and difficult question of
whether future clinical trials of diets rich in
unsaturated fat must be planned for periods
well in excess of eight years, rather than for
the five-year periods that have been the usual
goal.
One may also wonder whether the experi-

mental diet may have exerted its effect on
mortality data primarily by accelerating non-
atherosclerotic deaths (see table 28), decreas-
ing the atherosclerotic mortality by inducing
early death due to other cause. Such a mode
of action would be associated with higher
numbers of deaths in the experimental group
compared with the controls, whereas the re-
verse was true in this trial (fig. 13).
The other observation which raised some

question of a possible toxic effect was the low
arachidonic acid concentrations in atheromata
of long-term, high-adherence subjects on the
experimental diet (tables 37 to 40). For rea-
sons already cited, this may be more appro-
priately viewed as evidence of a salutary rather
than a toxic effect.

Is the Atheroma Reversible?

This question has underlain much athero-
sclerosis research in recent years. The answer,
as it applies to the human subject, is not
known. We incline toward the viewpoint that
definitive information on reversibility would
be reassuring but scarcely crucial. There is
every logical and pathophysiological reason to
believe that stabilization of the degree of ath-
erosclerosis would alone be sufficient to achieve
all the goals of primary prevention, and that
even reduction in the rate of growth of ath-
eromata could yield major benefits.
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Consideration of the state of affairs existing
in this trial suggests that reversal of athero-
mata in the average subject on the experi-
mental diet is unlikely to have occurred.
During most of the follow-up period, the mean
serum cholesterol concentration among sub-
jects on the experimental diet was over 190
mg//dl, a level which typifies the young Amer-
ican male adult,51 in whom incipient athero-
sclerosis is almost universal.52 If atheromata
form at such serum cholesterol levels, it is
illogical to anticipate reversal under these con-
ditions. (This comment refers to the average
subject, and the possibility of reversal in some
individuals is not foreclosed.) We are accord-
ingly prone to speculate that retardation, not
reversal, accounted for the outcome of this
trial.

Preventability of Sudden Death
It is widely believed that the metabolic ap-

proach to prevention of atherosclerosis is un-
likely to alter the incidence of sudden death
due to CHD. The usual argument given in
support of this belief ("Sudden death is an
electrical phenomenon. with no anatomic
change in the myocardium") ignores the al-
most axiomatic notion that coronary athero-
sclerosis of some finite severity is a sine qua.
non for the occurrence of this event. Retarda-
tion of coronary atherosclerosis short of this
degree of severity should, a pr1iori, prevent
sudden death.
Our data are not convincing insofar as in-

dividual categories of events are concerned.
However, they certainly generate at least the
suspicion that some sudden deaths were pre-
vented by the experimental diet (tables 23 and
30). We know of no specific data to the con-
trary; the negative results of Leren44 and of the
London hospital group48 were encountered in
secondary prevention trials. While wve are un-
able to report with confidence that our experi-
mental diet is capable of preventing sudden
death, we submit that assertions to the contrary
are illogical, and that ouLr results tend to sup-
port the hypothesis that this "electrical phe-
nomenon" can be prevented.
Comments on the Design of Clinical Trials
Although the importance of randomization

of subjects and of the double-blind technique
has been abundantly emphasized in the litera-
ture, these arguments have seemingly been
more persuasive to biomathematicians than to
physicians. Further discussion of these general
principles of clinical research as part of this
report seems in many respects superfluous;
howvever, our experience in this program has
impressed us with certain specific considera-
tions concerning application of the double-
blind technique.
The importance of the double-blind ap-

proach in the evaluation of syndromes such as
angina pectoris, which produce no diagnostic
physical or laboratory signs, has been widely
emphasized and recognized. Its value in deal-
ing with such phenomena as myocardial in-
farction has been less widely acknowledged,
vet some investigators involved in parallel
dietary trials have employed partially blind-
fold evaluation techniques for this pur-
pose.38 44 '7 Having encountered large
numbers of borderline cases of myocardial in-
farction in this program, we too find the
double-blind no less essential to unbiased eval-
uation of this supposedly "objective"' end point
than to evaluation of exertional angina. But
the importance of applying blindfold evalua-
tion of a case into or out of this category
seemingly establishable without error-has
scarcely been commented upon. We encoun-
tered a number of instances in which alloca-
tion of a case into or out of this category
depended on considerations of judgment
which could not have been anticipated by
even the most rigorous predefinition of criteria.
Obviously, then, even this end point is po-
tentially susceptible to bias; and if sudden
death is susceptible to bias, what clinical end
point (other than death per se) is not?
Problems of population size for clinical

trials in coronary heart disease have been
treated in detail by other authors.49' 53 54

Future Trials
For reasons already cited, we consider the

question of dietary prevention of atherosele-
rotic complications not yet definitively an-
swered, but additional studies of the question
Supplement II to Circulation, Vols. XXXIX and XL, July 1969
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will add little to the dozen or so already re-

ported unless they are bigger and better and
longer. The chief desiderata are experimental
dtsigns which will relieve us of concern about
bias and about confounding effects, and study
populations large enough to yield results at
high confidence levels and with reasonable
hope of demonstrating significant differences
in total mortality, if such differences exist. It
must be emphasized that no amount of epi-
demiological information can test the hypoth-
esis in the same fashion as can a clinical ex-

periment.
We know of only a single controlled study

in progress in this country at this writing.*
The National Diet-Heart Study49-probably
the most ambitious clinical trial ever under-
taken-is at present inactive.

General Comments

The data of this trial do not suffice for any

confident conclusions as to relative effects of
the experimental diet upon different end
points, but the magnitude of the effect on ce-

rebral infarction was most impressive (table
23). At a given age, cerebral atherosclerosis is
less advanced than coronary atherosclero-
sis,55-58 and for this reason cerebral compli-
cations might be considered more preventable
in elderly men. Additional evidence favoring
this argument is provided by stratification of
the definite cerebral infarction data by age.

Almost all the difference between the two
dietary groups occurred in the younger stra-
tum (11 control cases, 3 experimental cases).

It would be desirable to know how much
"lag time" exists before the clinical effects of
serum cholesterol lowering are fully manifest.
Only a truly enormous trial can yield a clear
answer to this question. The data of this re-

port can provide only an exceedingly crude
estimate, but perhaps even a crude experi-
mental estimate is a useful substitute for the
intuitive estimates which have been used
hitherto.49 Referring to figure 11, it appears

that for "hard" end points there was no differ-
ence in the first year, but that a great deal of

the ultimate divergence of the incidence
curves occurred in the second and third years.

We did not analyze our diets or tissue lipids
for trans fatty acids. Presumably both diets
contained some trans fatty acids from partially
hydrogenated fats, but such fats were only
minor components of both diets. Therefore,
the cholesterol-elevating59 and triglyceride-
elevating60 effects of unnatural fatty acids can-

not have been an important factor in this trial.

Summary
This report describes a clinical trial, with

domiciled male veterans, designed to deter-
mine whether a diet which lowers serum cho-

lesterol concentration can prevent overt com-

plications of coronary heart disease and other
manifestations of atherosclerosis.

Volunteers were allocated randomly to con-

trol and experimental groups. Participants
numbered 422 in the control group and 424 in
the experimental group. The two groups were

indistinguishable at the outset of the study in
almost all observations. These included age,

racial characteristics, and religious affiliation;
height, weight, and blood pressure; electro-
cardiographic findings; prevalence of pre-ex-

isting anginal syndrome, myocardial infarction,
peripheral atherosclerosis, cerebral ischemia,
or cerebral infarction; cardiac decompensa-
tion; utilization of relevant medications; se-

rum cholesterol and serum total lipid levels;
and prevalence of corneal arcus and xanthel-
asma. One significant difference between the
groups in regard to a possibly influential
characteristic was that they differed slightly in
patterns of cigarette smoking habits.
The control diet was similar to the regular

institutional diet, which is a standard Amer-
ican diet. It provided, by analysis, 40.1% of
calories as fat, having a mean iodine value of
53.5; cholesterol intake was 262 mg/1,000 cal-
ories (653 mg/day). The experimental diet
provided 38.9% of calories as fat, with an

iodine value of 102.4, and had a cholesterol
content of 146 mg/ 1,000 calories (365 mg/
day). Linoleic acid content of the two diets
was 10% and 38% of total fatty acid, respec-

tively. The experimental diet was prepared to
simulate conventional food. Over-all adherence

*Dr. Ivan Frantz is principal investigator of a trial
involving patients in Minnesota mental hospitals.
Supplement ll to Circulation, Vols. XXXIX and XL, July 1969
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expressed as percentage of total possible meals
taken, from introduction into the study to
termination of the study, averaged 56% for the
control subjects and 49% for the experimental
group.
The experimental diet induced a prompt

drop in serum cholesterol level and sustained
a difference betxveen the experimental and
control groups amounting to 12.7% of the start-
ing level. It is estimated from published data
that the change in saturation of dietary fat
accounted for five-sixths of the diet-induced
lowering of serum cholesterol in the experi-
mental group, the remaining one-sixth having
been due to decreased cholesterol intake.
Mean linoleic acid concentration of adipose

tissue was initially 10.9%. During the latter
part of the trial, which lasted eight years for
some subjects, linoleic acid concentration in
adipose tissue approached an asymptotic level
of 33.7% among good adherers. This variable
was a good measure of adherence to the diet
after five or more years ( r = + 0.71), but not
earlier.

Clinical follow-up wvas carried out on a
double-blind basis.
The number of men sustaining events in

major categories, in the control and experi-
mental groups, respectively, was: definite si-
lent myocardial infaretion, 4 and 9; definite
overt myocardial infarction, 40 and 27; sudden
death due to coronary heart disease, 27 and
18; definite cerebral infarction, 22 and 13. The
difference in the primary end point of the
study-sudden death or myocardial infarction
-was not statistically significant. However,
when these data were pooled with those for
cerebral infarction and other secondary end
points, the totals were 96 in the control group
and 66 in the experimental group; P = 0.01.
Fatal atherosclerotic events numbered 70 in
the control group and 48 in the experimental
group; P < 0.05. Life-table analysis in general
confirmed these conclusions. For all primary
and secondary end points combined, eight-
year incidence rates were 47.7% and 31.3% for
the control and experimental groups, respec-
tively; P value for the difference between the
two incidence curves was 0.02.

Stratification of the data by age demon-

strated that most of the prophylactic effect oc-
curred in the younger half of the study pop-
ulation, less than 65.5 years old at the start of
the study. Stratification by baseline serum
cholesterol concentration revealed that most of
the effect was encountered in men with start-
ing levels above the median (233 mg/dl).
Stratification on the basis of pre-existing ath-
erosclerotic complications failed to yield con-
sistent evidence that subjects without pre-
existing complications responded differently
to diet than did those with prior overt disease.
Deaths due to nonatherosclerotic causes

numbered 71 in the control group and 85 in
the experimental group. Most of the difference
occurred in the latter part of the study. Con-
sideration of causes of death in this category
suggested that this difference probably did not
reflect a toxic effect of the experimental diet.

Gross grading of the extent of atheromata
in individuals who died and were autopsied
failed to reveal significant differences between
the two groups of subjects. The same was true
of arterial total lipid and calcium concentra-
tions. Relative abundance of major lipid frac-
tions in coronary atheromata and circle of
WVillis appeared to be independent of diet.

In general, most of the varieties of lesions
just cited revealed increased concentrations of
linoleic acid in triglyceride, cholesterol ester,
and phosphatide among the experimental sub-
jects. In individuals on the experimental diet
who died after prolonged experience in the
study and high adherence to the diet, arach-
idonic acid concentration in atheroma phos-
phatide was significantly depressed. A similar
but less consistent decrease was observed in
arachidonic acid in cholesterol ester and free
fatty acid of atheromata. Observations of other
investigators suggest that these changes were
due to the effects of high a-tocopherol intake
on the experimental diet.
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