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THE existing evidence implicating heated animal protein as an
important factor in the aetiology of thrombosis may be sum-

marized as follows.
1. It was noted in 1956 (Annand, 1957) that, after a lag period

varying from 4 to 21 days, the symptoms and signs of patients who
were suffering from advanced atherosclerosis and who were given
cyanocobalamin as a tonic, appeared to be significantly worse.

2. At about this time, it was also noted (a) that both cyanoco-
balamin (Annand, 1955) and animal protein (Wilhelmj et al., 1955)
appeared to increase membrane permeability, (b) that exposure of
animal protein to temperatures normally used in cooking, in pasteur-
ization or in processing freed cyanocobalamin from its bound state
within the protein (Ross, 1950), and (c) that the Eskimo, who was
domiciled in the more civilized areas of Hudson Bay and who
normally cooked his food prior to consumption, showed a high
incidence of atherosclerosis, whilst the Eskimo from the far North
evinced relatively little sign of the disease (Rabinowitch, 1936).

3. Acting mainly on this evidence and bearing in mind the simple
fact that it is heated animal protein which we consume, two epi-
demiological surveys were carried out. The first (Annand, 1959) of
these revealed that in the group of countries which suffered the
highest mortality from " Arteriosclerotic and Degenerative Heart
Disease (the ' B26 ' classification of the International Abbreviated
List, 1948) and which included the U.S.A., New Zealand, Australia,
Finland, Canada and the United Kingdom, relatively large amounts
of those proteins which had a high content of cyanocobalamin, and/
or large quantities of pasteurized milk or of pasteurized and pro-
cessed milk products, were consumed. Secondly, it was found that,
J. COLL. GEN. PRACTIT., 1964, 7, 386



at the international level, there existed a consistently better correla-
tion between the consumption of animal protein and the 'B26'
mortality than between either the total fat consumption or the
butter consumption and the same mortality. Furthermore, in the
various countries examined, there existed a fairly good negative
correlation between the ' B26 ' mortality and the average total
amount of vegetable protein consumed (Annand, 1959; Yerushalmy
and Hilleboe, 1957). This latter was not surprising in view of the
fact that vegetable protein had been found to exert a powerful
protective action against atherosclerosis in animal experiments
(Annand, 1959) and to possess a definite hypocholesterolemic effect
in the human (Groen et al., 1952; Morse and Overley, 1960).

4. Moreover, the second survey (Annand, 1961) which was mainly
historical, showed clearly (a) that during the period 1840-1959, all
the countries affected had increased by a significant degree their
intake of heated animal protein, again mostly by cooking, pas-
teurization and/or processing, e.g. by 45 per cent in the case of the
U.K., (b) that, on the other hand, in these same countries no sustained
or significant increase in the consumption of saturated fatty acids
was evident, (c) that in the different social classes delineated by the
Registrar General, England and Wales, the mortality attributed to
coronary artery disease, angina pectoris (International List, No. 420)
coincided more closely with the consumption of heated animal
protein than with that of the saturated fatty acids, especially if it
was assumed that, by reason of ready opportunity, the farming
community consumed., more fresh milk and fresh cheese than did
other social classes. Here again, the failure of the varying consump-
tion of saturated fatty acids to correlate with the mortality of the
different social classes was complete. Finally, (d) in all the popula-
tion groups studied, whenever ' Holder' pasteurization of milk
supplies was introduced, resulting thereby in a sudden increase in
the consumption of heated animal protein, there occurred an imme-
diate and sustained rise in what was termed " generalized athero-
sclerosis " mortality or in the mortality attributed to " arteriosclerotic
degenerative heart disease ", excluding the rural population and
attacking the urban, i.e. only where pasteurization was commenced,
and affecting the correct sex and the correct age groups in the correct
social class at the correct time-all in the proportions which would
normally be expected. In this connection, the reader is reminded
(i) that Ross (1950) has shown that the application of temperatures,
normally used in cooking, pasteurization or processing, to serum
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frees cyanocobalamin from its bound state within the protein in
amounts proportionate to the duration of the temperature applied;
(ii) ' Holder' pasteurization entails heating milk for a period of
30 minutes at 145°-1500 F, whilst ' Flash' pasteurization requires
16 seconds only at 1650 F. No evidence has been forthcoming in
these investigations that the introduction of ' Flash' pasteuriza-
tion was followed by any significant rise in mortality, nor has it been
shown that heated fat (Nishida et al., 1958) was any more lipidogenic
or atherogenic than unheated fat (" generalized atherosclerosis " in
this survey (Annand, 1961) was estimated by the summation of the
mortality attributed to " angina pectoris " and/or " coronary artery
disease, angina pectoris" (AP)' "cerebral embolism and throm-
bosis" (CET) and/or "embolism and thrombosis" (non-cerebral)
International Lists Nos. 89, 94, 420, 74(c), 82(b), 2, 92).

Method
In view of these findings and, as the last historical survey (Annand,

1961) had revealed a close relation between (a) the mortality trends
attributed to angina pectoris or to coronary artery disease, angina
pectoris (AP) and between (b) those attributed to cerebral embolism
and thrombosis (CET), it was decided to obtain mortality figures for
fresh population groups which had not already been studied and to
compare the changing mortality trends of these two classifications,
again in their relation to the introduction of ' Holder' pasteuriza-
tion. As mortality figures for " embolism and thrombosis (non-
cerebral)" were not available for all the population groups studied,
this latter classification was omitted in this review.

Results
In figure 1, the crude mortality for Scotland for the two disease

classifications is compared with the mortality for the more sensitive
age groups, i.e. males aged 55-74. In 1911, it will be noted that the
CET mortality, especially for the males aged 55-74, showed a preci-
pitate rise, a rise which could reasonably be explained by the fact
that CET was classified separately from " cerebral haemorrhage "
for the first time during this year. It may therefore have been finding
its normal level in 1911. Thereafter, the AP mortality followed closely
and almost exactly the CET mortality, showing a slight rise prior
to the war during the period 1911-14, and a steady fall from 1915
till 1919 in both classifications, when the graphs rose to reach their
pre-war level once more and thereafter to maintain it for the short
period of 2-3 years only; then together they commenced a sudden
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and sustained rise, especially marked in the age groups 55-74, the
AP rising somewhat more sharply than CET, 1-2 years after the
introduction of 'Holder' pasteurization of the milk supplies in
Scotland.

Figure 1
The arrow indicates when Holder' pasteurization commenced

The following points seem to merit attention. (i) The crude mor-
tality graphs obviously tend to conceal major changes in trend which
are at once made more apparent in the graphs of the more sensitive
age groups, a finding which was also noted in the last historical
survey (Annand, 1961) and which should be remembered when we
come to examine the crude mortality of other population groups.
(ii) During this relatively early period in the development of this
disease process, 1911-1930, " angina pectoris" and " cerebral
embolism and thrombosis " were not obviously related to each other
aetiologically (they were in fact classified under " Diseases of the
circulatory system" and " Diseases of the nervous system" respec-
tively) and were, ofcourse, entirely distinct from each other clinically.
Therefore, this close stepwise progress in the mortality graphs of
the two classifications serves to confirm the reality of the various
changes, especially the fall during the war and especially the sudden
disastrous post-war rise in mortality, both alterations in trend occur-
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ring 1-2 years following both dietary changes, i.e. both the wartime
privation and the sudden increase in the consumption of heated milk,
occurring with the introduction of Holder ' pasteurization. It has
already been demonstrated (Annand, 1961) that no other major
dietary change occurred throughout the country at this time; in fact,
the purchasing power fell slightly from 1922 to 1925. (iii) Finally,
these graphs have served to demonstrate the great value of the
recording of mortality trends as a yardstick in the progress of this
disease process, especially in its early stages and especially in the
case of the more sensitive age groups.

Age proportion, sex and age groups
Again, when we come to examine the graphs for the mortality in

Scotland of the different sexes and age groups, in this case, those
aged (a) 35-54 and (b) 55 and over, for the two classifications under
review, we find in figure 2(a) that the males aged 55 + suffering from
AP, who would normally be rated as the most sensitive of all the
groups listed, demonstrated, as would be expected, (i) a higher inci-
dence and (ii) a much more abrupt and a greater rise and fall in
mortality than did the females of the same age group, in spite of the
fact that, in 1931, the age proportion of the females of this same age
group was nine per cent greater than that of the male group. A
similar trend in the lower age group (35-54) was also noted, figure
2(b): this time as would be expected, the male rise was less acute
than that of the 55 + male but, nevertheless, did occur as from the
correct year, 1924, and what is more, was sustained. The female
graph, on the other hand, failed to rise till 1926 and then showed a
weaker and less well-sustained response, a result which again would
not be unexpected in the premenopausal female.

Moreover, ifwe compare the age proportion ofthe males aged 55 +
which was found to be 23 per cent greater in 1931 than it was in
1921, with that of the female aged 55 which increased 19 per cent
during the same period, thus giving a difference of only four per cent,
it seems unlikely that this small difference in the age proportion of
the two sexes could have had a significant effect on the mortality;
this supposition received further support from the fact that the age
proportion of the 35-54 male age group was actually smaller by three
per cent in 1931 as compared with that for 1921--they were in fact
younger-and yet their mortality succeeded in almost doubling itself
during this same period. On the other hand, the female age propor-
tion in this same age group rose by three per cent during this time
with, as already mentioned, a poor response. (The percentage in-
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crease or decrease of the age proportions of the various age groups,
recorded at each census, is depicted on the graphs for the years
1921 and 1931.)
In figure 2(c), if the response is gauged by the rise over the pre-war

levels, it is apparent that the 55 age groups suffering from CET
responded somewhat more slowly than the equivalent AP age group,
the males being more resistant than the females, who, this time,
showed a slightly higher incidence rate than the males, a changeover
which-would appear to conform with their age proportions. The
apparent resistance of both sexes, as compared with the AP groups-
a resistance which was also demonstrated in the crude mortality
graphs and in the 55-74 male age group, figure 1- might well be
explained by the fact that this classification is, of course, not so
rapidly lethal as AP. The fact remains, however, that this age group
did demonstrate a moderately severe and a sustained rise at the
correct time and in the expected proportions. On the other hand,
in the lower age groups, figure 2(d), the females again showed a
higher incidence but neither sex evinced any sustained increase-a
negative response which again conformed with our knowledge of the
incidence of this classification, i.e. it is relatively rare prior to the
fifth decade.
From these findings two important points become clear: in

confirmation of our findings in a previous survey (Annand, 1961),
it has become obvious that the ageing of the population must have
taken only a very minor part in these mortality changes (Annand,
1955); alterations in diet,, and the known varying sensitivity of the
different sexes and age groups must have clearly played much more
important roles.
Social class
At this point, the reader is reminded that, prior to 1923, angina

pectoris affected the middle and upper classes almost exclusively.
However, during the twenties, the Registrar General, England and
Wales, clearly demonstrated (Annand, 1961) that the lower classes
now began to show an increasing incidence and, in this connection,
it is pointed out that pasteurized milk was popular with these same
classes (a) because it was the cheapest of the designated milks and
(b) because of its keeping properties.
Cities ofScotland
These findings received ample confirmation when we come to

consider figure 3, which depicts the crude mortality graphs for Glas-
gow, Edinburgh, Aberdeen and Dundee. Here again, it is imme-
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diately obvious that a sustained rise in the mortality attributed to
both AP and to CET occurred in each and every population group
simultaneously 1-2 years after ' Holder' pasteurization was intro-
duced. It should be noted particularly that the different cities com-
menced this type of pasteurization in different years; Aberdeen
especially did not begin till 1926 and yet the sustained rise in mortality
in both classifications obediently and immediately followed suit.
The rise is made more obvious if the graph for the summation of the
two classifications is followed and, what is more, would have been
much more acute in the AP classification if deaths ascribed to
" coronary thrombosis" during this period had been classified under
AP and not, as they were until 1931, under " arteriosclerosis ".
Thus when this change in classification occurred in 1931, the AP
mortality in all four cities rose sharply, whereas the CET graph,
except in the case of Aberdeen, failed to follow suit.

Lanarkshire (excluding Glasgow)
In the various villages and towns of this county it is recorded

that 'Holder' pasteurization was introduced, as shown in figure 4,
during the following periods-1935-37, 1947-50, and 1952-53.
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Figure 4
The arrows indicate when 'Holder' pasteurization commenced

Immediately after or during each period shown, a sustained rise in
the crude mortality ascribed to both AP and CET occurred, the rise
being of the same pattern as that already described, i.e. sustained
in both classifications and less severe in CET than in AP. During
the period 1947-50, the largest number of creameries were involved
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and the following rise in both classifications was again obviously
the most acute. In 1944, it will be seen that a similar pattern change
also occurred affecting both graphs simultaneously. No record of
'Holder' pasteurization commencing at this time has been traced
but it seems possible that such could have occurred, possibly in the
connurbation of Glasgow, and remained unnoted.

County ofSutherland
In this county (figure 5) a remittent rise affecting both classifica-

tions commenced in the twenties and gradually gained momentum
till 1954, when a sustained increase in both mortality graphs occurred,
again being more acute and greater in the AP classification than in
the CET.
250 1
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Figure 5
The arrow indicates when ' Holder ' pasteurization commenced

County ofBute
Here once more (figure 6) the same remittent rise occurred, com-

mencing in the twenties and gradually increasing until 1956, when a
sudden very acute sustained increase in AP mortality took place in
the same year as the expected less severe change of pattern occurred
in the CET graph.

' Holder ' pasteurization, or, for that matter, pasteurization of
any type, was introduced to these two counties for the first time in
1954 and 1956 respectively, the larger of the two creameries being
allotted to the County of Bute, where, as would be expected, the rise
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in mortality was obviously the more severe.
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Figure 6
The arrow indicates when 'Holder' pasteurization commenced

Discussion

It would seem reasonable to suggest that the remittent rise in
mortality occurring in these three counties prior to 1935, 1954 and
1956 respectively, may have been due to a combination of factors:
e.g. (i) the increase in the purchasing power of the rural housewife
which occurred during the economic depression-brought about by
a rapid fall in food prices and an absence of unemployment in the
country districts (Annand 1961): (ii) the gradual urbanization of
the country diet by the introduction of the country van, bringing to
the rural door such foods as processed or pasteurized cheese, which
has gradually replaced fresh farm cheese during the last 30 years,
custard powders, etc.: (iii) the gradual ageing of the rural popula-
tion: and (iv) increasing medical publicity, especially in respect of
the incidence of coronary artery thrombosis.
Such explanations, however, cannot be said to apply to the recur-

ring change in mortality pattern which has been shown to take place
immediately after the introduction of ' Holder ' pasteurization in all
of these population groups. The latter now include the following:



England and Wales, London, Scotland, Glasgow, Edinburgh, Dun-
dee, Aberdeen, Lanarkshire (excluding Glasgow) on three different
occasions and the counties of Sutherland and Bute. Moreover,
it has also been demonstrated that laws enforcing general pasteuriza-
tion in 1944 in Denmark and in 1946 in Finland were immediately
followed in both countries by a disastrous rise in the mortality
attributed to arteriosclerotic degenerative heart disease. On the
other hand, Switzerland, where relatively no pasteurization was
carried out, has shown no increase in mortality (Annand, 1961).

This timely, persistent recurrence of this change in mortality
pattern, affecting two related classifications simultaneously, can lead
to only one conclusion, namely that heated milk must be an important
factor in the aetiology of both. It would be appropriate, therefore
that, if we are to complete our case, we should now summarize the
salient points in favour of this contention.

It is generally accepted (a) that atherosclerosis is not a new disease
process but rather that it has shown during the last 40 years a marked
increase in incidence, (b) that it is dietary in origin and (c) that there-
fore there must have been a major dietary change, which must have
taken place concurrently with the same major increase in mortality.
It has just been related how animal protein, especially heated animal
protein, and not fat, has fulfilled these conditions. Moreover, the
major mortality increase has occurred not only at the right time but
also has affected the correct population group, attacking the correct
age groups of the correct sex of the correct social class in their
proper proportions. The increase in question must therefore be real.
At both the international level and at the level of the different

social classes, it has also been shown that heated animal protein
again correlated better with the mortality than did the different fats
or for that matter, the saturated fatty acids (Annand, 1959, 1961).

Forty years of intensive world-wide research has failed to show
that fat per se, in physiological quantities, can cause thrombus forina-
tion either in animal or in human experiments.

Moreover, low fat diets, maintained for periods of up to three
years, have also failed to lower either the morbidity or the mortality
in patients suffering from advanced atherosclerosis (Oliver, 1962).

Thrombosis and animal protein
It is equally obvious that these graphs have served to emphasize

the very close relationship, which existed at all times, between throm-
bosis of the coronary artery and thrombosis of the cerebral artery,
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the only difference being that the mortality was much higher in the
former-a difference whicb was not unexpected in view of the vital,
anatomical situation of the coronary artery. It follows, therefore,
that the pathology, as well as the aetiology, must be essentially the
same in both classifications. Accordingly, it would appear fitting
that we now exam-iine in more detail the pathology of a thrombus and
its possible relation to dietary animal protein.

It is now generally recognized that a thrombus consists of tight
clumps of blood platelets interspersed with fibrin, red and white
blood cells, whereas in a clot the platelets are widely dispersed in an
open network of fibrin and red blood cells and present an entirely
different picture under the electron microscope, the most obvious
change being the formation of tight clumps of blood platelets
(Poole, 1962). In this connection, it may well be significant that, as
long ago as 1923, Mills was able to demonstrate that coagulated egg
albumin caused a significant shortening of the human blood clotting
time and again, in 1927, Mills, Necheles and Chu found that animal
protein in the form of lean beef caused a significant (3040 per cent)
shortening, not only of the blood clotting time but also of the
platelet clumping time in both dog and human, whereas 105 G. of
butter fed to man and 150 G. ofpork fat fed to the dog had no effect.
Animal protein, by virtue of its ability to enhance platelet clumping,
may therefore be a primary factor in the aetiology of thrombosis.
Moreover, in 1929, Bancroft, Kugelmass and Stanley-Brown, in
confirmation, were also able to demonstrate that a diet high in animal
protein and in cyanocobalamin, for liver, kidney, sweetbread and
caviare were prominent constituents, caused a significant increase in
the blood clotting index of their patients, whereas a diet, devoid of
animal protein and containing five per cent vegetable protein, was
found to lower the human clotting index effectively.
More recently, although some long-chain saturated fatty acids

have been shown to enhance the formation of the experimental
thrombus in vitro, no such effect has been demonstrated in vivo
(Poole, 1962). Work on the effects of dietary fat by Horlick (1961),
Mustard and Murphy (1962) and Fullerton (1956), all seem to merit
the criticism that they did not use fat alone; these workers fed, re-
spectively, bacon and eggs, egg yolk and whole eggs, bacon and milk,
all of which contain cyanocobalamin and, of course, animal protein.
The criticism receives further support when we recall that egg yolk
has been found to raise the blood cholesterol level and the blood
coagulation indices much more effectively than relatively large quan-
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tities of pure cholesterol (Messinger et al., 1950) or equal quantities
of butter or margarine (Rowsell et al., 1959), although the hyper-
cholesterolemic effect of eggs at least would appear to reside in the
fat portion and not in the protein (Wells and Bronte-Stewart, 1963).
In this connection, however, these graphs have clearly shown, as
already stressed, that the aetiology and the pathology of thrombus
formation in both the coronary and the cerebral arteries must be
closely related, and any pathological change, which is to be utlized
as a yardstick of this disease process, must be common to both and
must occur in all cases. It is well known that this cap does not fit
hypercholesterolemia (Keys, et al., 1956; Byers, 1958), e.g. in one
group, 20 per cent of the coronary thrombosis cases and as many as
50 per cent of the cerebral thrombosis cases showed no evidence of a
raised blood cholesterol (Lemaire and Cloarec, 1962). However, it
does seem possible that there may be a partial relationship between
thrombus formation and hypercholesterolemia, and it may there-
fore be significant that, after a normal fat meal, in the human, an
extra ' helping' of animal protein has been found to cause a pro-
longation and an intensification of the resulting lipaemia (Sullivan,
1962), and that whole eggs, egg yolk and beef have all been shown to
be more hypercholesterolemic in the human than the various saturated
fats such as butter, dripping, chicken fat and hydrogenated ground
nut oil (Bronte-Stewart et al., 1956).

This suggested partial relationship may also account in part for
the recent failure of Morris et al. (1963) to find a significant correla-
tion between the blood cholesterol levels of a group of 99 bankers
and their intake of various foods. However, they did find that
animal protein was the only food which showed a small but persistent
positive correlation with the blood cholesterol levels and if (i) it
had been possible to use, e.g. platelet adhesiveness as a yardstick
and not hypercholesterolemia and (ii) if the lipotropic action
(Thomas and Eisenberg, 1955; Chow, 1960) of the animal protein
had been taken into consideration, this small but persistent positive
correlation might have been raised to a significant level. This same
lipotropic action, which, like hypercholesterolemia, is also variable,
occurring occasionally in the young and not in the elderly, may also
account for the fall in the incidence of atheroma per se, which has
been shown to have occurred during the last 50 years (Morris, 1951).

Moreover, isotope investigations have shown that cholesterol is
carried directly from thelumen into the structure of thevessel wall by
the passage of lipoproteins (Adams et al., 1962), and any factor en-
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hancing membrane permeability would therefore tend to increase
the deposition of lipids. As already mentioned, animal protein has
been shown to enhance membrane permeability (Wilhelmj et al.,
1955).

Finally, as regards pernicious anaemia, it may well be significant
that isotope investigations have also demonstrated recently that a
' metabolic block' appears to exist between blood and tissue in
these cases (Brody et al., 1960)-a possible explanation for the
apparent low incidence of thrombosis in such patients.

Dietary control
During the last six years, I have found that a diet low in heated

animal protein, about one pint of fresh, unheated milk being allowed
per day, low also in cyanocobalamin content and high in vegetable
protein, cereals, fruit and vegetables has consistently controlled the
incidence of thrombosis (Annand, 1957; 1959; 1961) provided, of
course, that the diet is maintained. In this connection, either because
of difficulty in the supply of fresh milk or for other reasons, several
patients have not kept to their diet; as a result, the impression has
been formed that such a failure can produce adverse symptoms and
signs within the very short period of 1-2 months-a finding which
contrasts strongly with the fact, already mentioned, that a low fat diet,
maintained for periods up to three years, failed to lower either the
morbidity or the mortality of patients suffering from atherosclerosis
(Oliver, 1962), but correlates well with the finding that, after a period
of only 4-5 weeks, the ' rice-fruit ' diet caused a significant reduc-
tion in platelet adhesiveness in patients similarly afflicted (McDonald
and Edgill, 1958).

Summary

The graphs delineated by the mortality attributed to (a) 'angina
pectoris' and/or 'coronary artery disease, angina pectoris ' and
(b) to " cerebral embolism thrombosis " have been compared in their
relation to the dietary change caused by the introduction of 'Holder'
pasteurization of the milk supplies, at different times amongst
different population groups iniScotland.

In all the groups examined, a definite, sustained increase in mor-
tality occurred in both classifications simultaneously, 1-2 years after
the introduction of 'Holder' pasteurization, a similar change in
the pattern of the graphs being displayed throughout.
Further evidence correlating thrombus formation with dietary
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animal protein is also related.
It is submitted that an increased dietary intake of heated animal

protein can now be considered to be one of the primary factors in
the aetiology of atherosclerosis, with special reference to its most
serious complication, arterial thrombosis.
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