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o -- In an eight-year control led cl inical tr ial
Jutn'nar! 

of a diei high in p() lyunsarurared vege-
table oi ls and low in saturatecl fat and cholesterol in
preventing complications of atherosclerosis, 846 nren
were assigned randomly to a conventional diet or to one
similar in al l  respects except for a strbst i tut ion <-rf
vegetable oils for saturated fat. fiatal atherosclerotic
events were more conrmon in the control group (70 rr.48 ;
p<0.05). f lowever, total mortal i ty rvas similar in
the two groups: 178 controls u. 174 experimentals,
demonstrat ing an excess of non-atherosclerot ic deaths
in the experimental group. 

'l'his 
rvas accounted for

by a greater incidence of fatal carcinonras in the
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experiurental group. 3l of 174 deaths in the experi-
nrental group were due to cancer, as opposed to l7
of 178 deaths in the control group (n:0'06).

lntroductlon

IN 1969 we presented the results of an eight-year
clinical trial designed to determine whether a diet
which lowers serum-cholesterol levels can also reduce
cl inical manifestat ions of atherosclerosis. r Fatal
acute atherosclerot ic events were signif icantly more
common in the controls than in the experimental
group. I)espite this difference, total mortality was

scarcely affected, indicating an excess of non-athero-
rnatous deaths in the experimental group. \ve antici-
pated that these deaths would be due to a variety of
competing causes in these elderly men. At f i rst,  we
atternpted to clari fy this problem by examining non-
atherornatous deaths in the last two years of the study,
Our results were inconclusive, and when we published
thern, we left  open the qrrestion of toxici ty associated
rvith feeding polyunsaturated fats in amounts larger
than most populat ions consume. Subsequently we
reviewed all our data with regard to deaths from causes
other than atherosclerot ic complications, especial ly
when we read of experiments which associate unsatur-
ated-fat feeding with an increased incidence of
spontaneous and induced neoplasms in animals. t

When we found a higher than expected incidence of
carcinorna deaths in the experimental group, we did
a detailed retrospective record search in an effort
to identi ly al l  malignancies in the study populat ion,
lhtal and non-fatal. Ve also added the experience of
tlle two years which followed returning experimental
and control groups to the standard institutional diet.

Methods
-I-he 

cxpcrirnental design and methods are given in detai l
0in our 1969 report. t  In 1959 we started a control led tr ial

of a diet high in polyunsaturated fat and low in saturated
fat and cholesterol. The participants, men living in a
vetcrans' home, were assigned randomly to the control
group (422 men) or to the experimental group (424 men).
'I'he cfficacy of randomisation was demonstrated by thc
comparabi l i ty of the two groups in respect of nearly al l
traseline observations.r The eflicacy of the randomisation
in respect of cigarette smoking hss been analysed in more
detail elsewhere.r T'he study wss done " double blind "
in that both groups were fed diets differing from the regular
institutional diet but simulating conventional food, and the
doctors evaluating clinical events or deaths did not know
what the diet assignment was. Meals were served cafeteria
style, and adherence to the diet was monitored by means of
individual attendance records.

Sarnple diets were analysed periodically throughout the
study. Average values are presented in table l. The
experimental diet simulated e conventional United States
diet, and nearly quadrupled the intake of polyunsatureted

TABLE I.-.COMPOSITION OF DIBTS

Component Conrol Erperimcntel

To ta l  ce lo r ies /day  . .
Protein (9./day)
Fat calories (% of total)
Iodine value of fst
Cholesterol (mg.iday)
Polyunsaturates

(9/o total fatty ncid) . .

2496
96.1
40 I
51.5

653

l0

2496
97'4
38.9

102.4
365

t9'5
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TABLB II_NUMEERS AND SIIBS OF FATAL AND NON-PATAL CARCINOMAS AND OTIIER NEOPLASMS DIACNOSBD DUNINO TITS DTBT PTilSB AND

Diet phase Post-dict phase

Control [!xperimcntal Experirnental

Buccal and pharynx
Digettiac and ltcritonewr :

Stomach 6
6

l 8
t 6

l 6
l l

l

I

-__---
) l

bronchus

Shin carcinowas
Othcr malignanciesr
Fatal bcnign tuntour

465

6
6

I
6

o
3

l 1
4

3
2
I

)
2
0

0

0
3

I
I

j

I

"ilLung
Other

Prostate. . . .
Other

Othct carcinoma o

7Toaal carcinomqs, cxcluding shit

2 l
1
0

l 0
t
o

4
I
o

TIIB TWO-YEAR PERIOD AFIBR TERMINAIION OT TIIB DIET

u

fat at the expense of saturated fat. Cholesterol intake was
cut approximately in half. Reta-sitosterol content of the
experimental diet was high, averaging 215 mg. per day in
several analyses.

Definitions of atheromatous deaths and events are pre-
sented in detail in our original report,l Neoplasms rverc
diagnosed on the basis of tissue reports, biopsy and/or
necropsy. Information about neoplasms was retrieved by
revlewing clinical recorda and cytology, eurgical-pathology,
and necropsy reports. Retrieval of records from within this
institution was almost complete. Although cancer-morbidity
data were undoubtedly incomplete, chances of failing to
identify I non-fatal malignancy were equal in the two
groups. Mortal i ty data are about 99')/" complete.r Dia-
gnoses were reviewed and recorded " blindfolcl " by M. L. P.
end later reviewed by S. D, Death-certificate diagnoses
were not accepted. ( I'here was only one instance where
I non-verified death-certificate diagnosis of cancer was
found-a man in the experimental group with a death-
certificste diagnosis of carcinoma of the larynx.) I'he
various categories of neoplasms are shown in table tr.

The experiment was divided into two'phases-the 8[
years in which the control and experinrental diets were fed
(diet phase) and the period after the men had returned to
the standard institutional diet (post-diet phase).

Resulte
The unrestricted consumption of the trvo diets

had no significant effect on average body-weight.

Y' R3 III DI'' PHASE POsr 0r8r PilASr

Gumuletlvc carclnoma dcathr ln cxperlmentel and control
' 

3roup frorn tlme of randomlretlon to tlmc of dcath.

Serum-cholesterol levels fell promptly in the experi-
mental group and the mean stayed i2.7% below that
of the control group. Fatal acute atherosclerotic
events during the diet phase were more numerous
in the control group (70) than in the experimental
group (48), and the same was true of the combined
definite clinical events. r lIowever, total morrdity
during the diet phase was not significantly different
-1781422 controls compared with 1741424 in the
experimental group.

TABLB III-INCTDENCE OF SELECTED BASEI-INE VARIABLBS IN
PATIENTS WHO DIED OF CARCINOMA DURING TH8 DIET PHASB

Experimental
g roup

(31 cn tc inoma
deaths)

Myocardial infarction, definite
Cerdiac decompensation
I l i s to ry  o f  ang ina  pec tor is
Clerebral irrfarction, defi nite
Age (y r . )
Serum-cholesterol (mg./l0o ml.) . .

During the diet phase (see figure) there were 3l
carcinoma deaths in the experimental group and 17
in the control group (Xr:3.668, P:0.06). The
carcinoma deaths are plotted from the time of ran-
domisation to the time of death. In the post-diet
phase the excess continued for a year (3 experimentals,
0 controls), but in the second year the controls exceeded
the experimentals (4 experimentals, l0 controls).
Cancers, both fatal and non-fatal, counted from the
time of randomisation to the time of diagnosis are
summarised in table rI. 'l'here was I higher incidence
of the more commonly occurring visceral carcinomas
in the experimental group. The contrary observation
in regard to basal and squamous-cell skin cancers
(none fatal) is largely due to 2 controls who had
multiple lesions of this sort.'We 

examined the relationship of carcinoma deaths
with a number of other variables (table rrr). The
percentage of pre-existing definite cerebral infercts
wes higher, and the baseline serum-cholesterol
values were lower, than in men not dying of

)
5
6
6

65.5
22 t . 2

t 7

'Thesc includc lympbosarcoma, rctlculum-ccll sarcorna, rhabdomyosarcorna, angiosarcoma, lymphocytic leukemia, and astrocytoma.

I
Control Igroup I

(  l7 carc inoma I
deaths) 

|- "1
2 l
5 l

3 l
o i a  I

224.5 |
I
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TABLN IV*DEATI IS  TROIU CARCINOMA IN DIBI  TTIASB ANJUS' IBD FOR CICARBTTE SMOKING

_t:'111 I lxperimental

Cigarettc smoking

IJnknown
> 2 packr/dey
l-2 packs/day
ll2-l packlday
< ll2 packlday

Occesionel
None

1 7 4
o
1 6 6
7 0 2
2 6 1
l 0 l
1 2 4

17.10

Carcinoma

,_ 
.o]:r,.0

t . l 5
0
5 .00

1 6  5 l
4 6 8
0
2.79

No.  o [  mcn Carcinonts
observed

I t

t29
62
l 8
86

422

2
o
2
6
3
I
1

t 7

I
0
4

l 9

o
1

n." t t r ,  , r .  
"a iur t"a 

Uv - , r i r ip iv ing the numhe, of  rnen ef lccted i . - ,  g i t in . ig. . " , , . - . *n i . i , tg , i r r ,u, t  
" f  

t i "  . " "u:o i  c tn"p 6v?:  r  f l ; id ,  in * i t i . t t
C = numbcr of controts in the stretum and E : number of experirnental subiects. A corresponding calculation is mgde for the experimental
group.r

carcinoma, but neither .differcnce was statisti-
cally significant. Cigarette smoking is analysed in
detail in table rv. f'hcre is no apparent non-dietary
explanation for the higher frequency of carcinoma
deaths in the experimental group.

There were more low adherers to diet in the experi-
mentsl group with fatal carcinomas than in the
controls (table v). This distribution is not significant
by chi square, but the number in each cell is small.
The number of low adherers in the experimental
group with fatal carcinoma is (at least in part) a
reflection of the adherence pattern of the total experi-
mental group, which is significantly lower than in
the controls (table vr). We also analysed the data
in this table by chi square for regression to take into
account the ordered character of the percent adherence.

"*'" "-#:is:i:' #. :J :'# T;f : I,l J f " *' ̂ '

Adhcrcncc (%) Control group Exper i r r rcn ta l  g roup

30 .15

'I-he dillerence in adherence rernains significant at the
l9{ ,  level .

I)iscusslon
'I-he experience of other investigators using sirnilar

dicts has not been the same, In an eleven-year report
on the Oslo diet-heart study'Leren noted 7 cancer
deaths in his experimental group and 5 in the control
group.r II is criteria for a diagnosis of cancer are not
given, and diets were not supervised after the fifth
year. 'I'he 

six-year l-ondon trial of a diet high in
soya-bean oil noted 6 cancer deaths in the control
group and I in the experimental group. Again, cnncer
criteria are not given.6 f'he Helsinki gr<lup has not
yet published cancer data.' 'I-hese differences in
cancer experience may have been due to differences
in patient population and in trial design. Our trial
involved the longest peri<ld of clietary control of the
studies cited. 'fhe high incidence of neoplasms which
we rcport in both experimental and control subiects
is due to factors not operative in the other studies-
our subiects were much older than those in the other
series, and we obtained a high necropsy-rate (80|,
trf tlre men dying in the centre and 650/o of all deaths
in the study during the diet phase).

Many of the cancer deaths in the experimental
group were amon€f those who did not adhere closely
to the diet. 'Ihis reduces the possibility that the
feeding of polyunsaturated oils was responsible for the
excess carcinoma mortality observed in the experi-
mental group. Flowever, there were significantly
rnore low adherers in the entire experimental group
than in the conrrols (table vr). In both groups, the
numbers of cancer deaths among the various adherence
strata are compatible with random distribution
(table v). A high incidence among high adherers
would be expected if some constituent of the experi-
mental diet were contributing to cancer fatality.'l-hese observations present a dilemma. On the
one hand, it is tempting to ignore the low-adherence
segment of the study population. On the other hand,
conclusions based on the better-adhering strate may
be nrisleading because of bias. \Jfe cannot resolve
this dilernma, and feel that the results must be
examined in both ways.

Other trials of the effect of polyunsaturated-fat
diets on the incidence of adrerosclerotic complica-
tions have been negative in regard to an increased
incidence of fatal cancer, and our own results are of
borderline significance. However, our results must be

o-10
l0  20
20-to
30_.40
40-50
50-60
60-70
70-80
80-90
90-loo

2
I
I
0
3
j

0
2
4
I

l o)
1
0
t
3
4

I
1

l 7 J I

t Adhcrcnce, cslculetcd from attendance records, is expressed as a
percenlage of thc maximum number of meals which could have
been talen In the rtudy dining-hall.

Zr- lO'26;p>O.3.

TAALB VI_A"DITERENCE TO DIET IN TIIE
TOTAL STUDY POPULAIION

Adhcrence (%) Control group Experimental grotrp

0-10
l0-20
20-30
30'[(,
.lO-5O
50*60
60-70
70-80
80-90
90-100

82
47
3 l
2 l
42
40
32
42
50
35

t20
46
42
30
23
1 t
32
17
3 L
30

t r = 2 1 ' 7 E i P < 0 0 1 ,
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viewed in the light of animal experiments which sug-

;; rh"; fat intike (especially unsaturated-fat intakc)

in .,t the incidence of certain types of neoplasnr'-"il".t*.igttt 
has been associated with a higher

i""ia*"" if 
"*.", 

than the incidence observed in

"ot-al 
or underweight peoplert'' an{ fat consump-

,'ii"-it tito"gly correlated with death from neoplasms

oitft. Ur."tt]ovaries, and rectum, and from leukemia''

;;il;;;t( suggesied that aninlals on fat-rich diets

;J; it.t."tJ incidence of spontaneous and car-

.tog.tt-i"a"..4 carcinomas'10'rr Carroll et al'

have" investigated carcinogen-induced mammary car-

ai"o*"t in ratsrt'lr and fouird that increasing the

f-.*f 
"f 

dietary fat enhances the yield of these neo-

;1;;;;: 209(,'corn-oil diets had a greater effect tha'
'g-.ii7t 

corn oii, and a greater effect than 20()/' coconut

"if, 
ti'ftl"tt is largely saturated' In another experiment

tii| i.a zO"t" c6rn oil after the administration of the

."ili"tg* iJ rt"r the animals and up to the time of

;;;;i";;." administration in the other half' l'here

*"t 
" 

"Hsh"r incidence in the animals which were

gi""" O.-*rn-oil diet after the carcinogen adminis-

ir"tion than in the group which was switched from

the corn-oil diet to a low-fat diet at the time of car-

cinogen administration.'[ 'hese observations suggest

"'pil-"ii"g 
rather than an initiating process' I'heir

metabolic significance remains speculative'

Aflatoxins contaminating cottonseed nrcal have

been-- impti"ated in hepatic carcinoma in trout'r3

ii it -ot, unlikely that they were present in our

.*p.1i-""o1 diet since the commercial production

oi'edible oils in the United States removes these

substances. r'- 
Other explanations of our data should be con-

siaer;a- lf elderly men are protected from athero-

r"i.toti" complicaiions' they will die of something

ait.r-*a ."rr.", is the next most common cause of

a."itt i" this population. Also it is theoretically con-

ceivable that a diet high in saturated {'at protects

;;;i;;;""."r, but both epidemiological data.and animal

eiperiments suggest otherwise' At any iate' if the

.-p.ii*."ot aiei is cocarcinogenic' the responsible

.o-pott"ttt still needs to be identified'

Oirr results and those from the literature are

urr...t"itt and confusing in respect of the role of poly-

.-r"t,rr"t.d fats in an increased incidence of malig-

"*.i.t. 
The high incidence of fatal carcinomas in

o*-.*p.ti-ental-group is of borderline significance'

A t.totp..ti"" .eui"t" of any large collection of data

*itt- t"gg.., causal relationships which are chance

o"".rrr.ii"t. Tests of significance such as chi square

tt"u" U..tt formulated to evaluate pre-statedhypotheses'

*a ,n.i. application to hypotheses which were made

"i,.tl"t"ti"y 
of data will tend to overstate the sig-

nln.*." of tbserved differences' Furthermore' it is

important to remember that no population under

study has been consuming a diet high in polyunsatu-

rated fats over long periods of time'
-- 

$ilhat is the practical application of our data ?

C.tt"iJy they sirould-be considered in the design

*i-pltf"tt"ance of a$y new diet.trial' A diet sirnilar

* oit-.*p"timental one, but slightly-lower in total

i.t *a with polyunsaturates largely replaced by mono-

,iit"i*",.t, would have a similar serum-cholesterol-

;;;;td .n 
"t. 

We think it premature to nlake a

blanket prescription of a cliet high in polyunsaturated

fat for ih" .ttt i t" population' However' the risks

inuotu.a seem small compared with the high incidence

.f atherosclerotic complications in patients with

.".t"in hyperlipidamias," and the r11e.of diets high

i; ;;ly-i;;rated fat is certainlv iustifiable in selected

;;;;;. t trial of a diet low in fat, and verv low in

unsaturated fat, would be of interest in selected human

carcinomas, especially breast cancer'
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I}LOOD-I'RESSURE IN WOMEN AFIER

ONE YEAR OF ORAL CONIRACEPTION

R- J. Wrtn

Medical Research Council Blood Pressure Unit'

Western InJirnrarY, Glasgow W'1

J. BnowNlNc
L. Nelsmtrn
E. WtrsoN

E. BnIccs
A. Mncrc

L.'I 'nvron
Glasgow Clinic ol the l;antily Planning Associatiotr

- In a ProsPective studY of 66 women
sutnmary taking oial contraceptivesr systolic

blootl-pressure increased in 50 cases after a yeart

the mean systolic pressure rising significantly by 6'6

mm. FIg. Mean tliastolic pressure did not change

significantly urd in no case did the blood-pressure,

ffi; r4o'lgo mm. IIg or more. A control group. of

21 wornen using cervical diaphragms or intrauterine

co.rtr"..ptiue divices showed no significant change

in 
"ithe. 

systolic or diastolic blood-pressure during

the same Period'

Introductlotr

OnAr, contraceptives may lead to an increase of

blood-pressure in women whose blood-pressure has
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