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K.K. CARROLL

Foreword

Diet is a subject that interests everyone, and many people are con-
cerned to know whether their diet is providing good nutrition. Much
of the concern stems from evidence that diet has significant effects
on health and on susceptibility to various chronic diseases, including
heart disease and cancer. This has resulted in a great renaissance in
the science of nutrition in recent years. The increased emphasis on
research in nutrition has encompassed nearly every component of
the diet, including the macronutrients (protein, carbohydrate and fat),
the micronutrients (vitamins and minerals) and non-nutritive dietary
components such as fibre.

These were some of the considerations that led to a proposal that
the Royal Society of Canada sponsor a symposium on Diet, Nutrition
and Health. It appeared that the topic was timely, and that the subject
would be of interest to many segments of the population. It was also
felt that a symposium on this topic would serve as a stimulus to further
emphasis on nutrition research and teaching in Canada.

It seemed particularly appropriate that such a symposium be spon-
sored by the Royal Society, whose membership encompasses a wide
range of disciplines including the arts, the humanities, and the phys-
ical, biological and social sciences. The Society was founded over one
hundred years ago, in 1882, with the objective of promoting learning
and research in the arts and sciences. One of its founding members
was Sir William Osler, the greatest physician of his day.

In pursuing its objective, the Society arranges separate symposia,
as well as those at annual meetings, for the presentation and discus-
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sion of national issues, on matters of interest to the membership and
the public. Thus, when the proposal to sponsor a symposium on diet,
nutrition and health was considered and approved by the committee
on symposia, they indicated that they would prefer to hold it as a
separate event rather than as part of an annual meeting. They also
suggested that it be held at the University of Western Ontario, com-
menting that the Society had never sponsored a symposium in Lon-
don, Ontario, and would welcome an opportunity to do so.

As the symposium was being planned, the Food and Nutrition
Board of the U.S. National Research Council-National Academy of
Sciences appointed a committee to conduct a three-year study on Diet
and Health. Because of their interest in the subject, the Food and
Nutrition Board agreed to co-sponsor the symposium on Diet, Nu-
trition and Health. This is particularly appropriate since Canada and
the United States share mutual concerns over the role of diet in health
and disease and since fellow scientists from the United States made
an important contribution by their participation in the symposium.

This volume contains the proceedings of the symposium, which
was held in Middlesex Theatre Auditorium at the University of West-
ern Ontario on May 27th to 30th, 1987. The aim was to provide an
overview of the role of diet in maintaining good health and mini-
mizing the risk of chronic disease. The theme also included the de-
velopment and implementation of dietary guidelines for this purpose,
and the opening session on the evening of May 27th featured a key-
note address on Development of Dietary Guidelines in Britain and
Other European Countries.

The program for the next two days consisted of four sessions of
four speakers each, dealing with various aspects of the role of diet in
health and disease. The first session was devoted to cardiovascular
disease, which is the major cause of death in Canada and for which
there is a long history of dietary guidelines. Four diet-related health
problems were selected for discussion in the second session: hyper-
tension, diabetes, obesity, and kidney disease. The third session
opened with a presentation on the role of diet in maintenance of
health throughout life and continued with surveys of nutritional prob-
lems of the elderly, concerns over alcohol usage, and a discussion of
osteoporosis. The fourth session dealt with diet and cancer, a devel-
oping field which has been the subject of much recent research.

The final half-day of the symposium featured two presentations on
the development, use and implications of dietary guidelines. These
were followed by a panel discussion of the implementation of dietary
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guidelines, including steps for the food industry, dietitians, public
health nutritionists, nutrition educators, the medical profession, and
government agencies.

Social events included a trip to the Shakespearian Theatre in the
neighbouring city of Stratford, and a banquet in the Great Hall of the
University of Western Ontario. The latter was followed by an after-
dinner address on the History of Mortality, the text of which is in-
cluded as part of the proceedings.

This permanent record of presentations given at the symposium
contains information of interest to biomedical scientists (not neces-
sarily experts in the field), nutritionists, dietitians and other profes-
sionals concerned with interpretation of research findings and their
implementation for the general public. It can also be read for pleasure
and profit by the educated lay person.
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W.P.T. JAMES

Dietary Guidelines and the
Development of a European
Policy

Those of us engaged in medical and nutritional research all too often
fail to understand the difference between the three entirely different
processes involved in initiating a program of health promotion, that
is medical/nutritional research, policy-making, and, finally, the prac-
tical implementation of policy by health promotion in its widest sense.
Only too clear, however, is the need to produce coherent, simple
documents that illustrate and explain the link between diet and dis-
ease. And non specialists need such tools if they are to understand
and use the information efficiently. Such an undertaking would, of
course, from a research scientist’s point of view, need a major treatise.

Policy-making is an area in which few clinical scientists are skilled.
In the analysis of the research base for policy-making, many experts
contribute their own findings while critically assessing data in fields
ranging from epidemiology through clinical studies, metabolic inves-
tigations, animal studies, and detailed cellular biochemistry. Indeed
much of our training is geared to the unceasing drive to maintain a
critical, even sceptical, view of new evidence. Yet in policy-making
one must take a broad view, recognizing that proof of efficacy and
validity of a particular community program will often be obtained
only after the proposal of a policy change. Yet, as laboratory scientists,
even though we might want to implement that specific program, it
is best to be cautious in intervening if there seem to be risks from
intervention, but bold in proposing change if the prevalence of a
disease in the population is high and the probability of successful
intervention reasonably good. Of course judging the balance of evi-
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dence is very difficult my assessment would be that those unwilling
to sully themselves with such crude assessments are best left in their
laboratories, there to nurture their critical faculties! Unfortunately, a
widely acclaimed academic is often assumed, incorrectly, to be suit-
able for policy-making.

The third component requires translation of that policy into practical
action. Such an activity requires a variety of processes and skills un-
familiar to many people in both the medical science or policy-making
areas. For many years we in Europe have neglected this third com-
ponent medical field. Indeed, within Europe, and particularly in
Britain, the critical scientist so dominates, culturally, that any pro-
posal for a health promotion campaign would be greeted with sus-
picion or scorn. Such an attitude, combined with a highly conservative
medical establishment, only handicaps the process. In fact the various
Royal Colleges of Physicians may soon find themselves drawn into
maintaining traditional stances rather than fulfilling their role as lead-
ers. The cautious nature of British policy-making will thus be further
amplified, underlined by groups within the food industry who per-
ceive that their livelihood may be threatened by changes in the pop-
ulation’s eating patterns.

Developing a Food Policy in Britain: The Political Dimension

In Britain, the Department of Health issued guidelines in 1974 which
called for a reduction in the population’s dietary fat intake and par-
ticularly in the intake of saturated fatty acids. No specification for the
degree of change was given nor advice on how to alter the national
diet. The report was set in very cautious scientific terms. As a result
no national policy or practical measures were developed; British pre-
ventive medicine drifted, with the U.K. becoming the European coun-
try noted for its neglect of health promotion and for its conservative
stance on nutritionally related diseases.

The one bright spot was the Royal College of Physicians which,
under its then President, Sir Douglas Black, set up working parties
and produced reports on the prevention of coronary heart disease (1),
on the role of dietary fibre in health and disease (2), and on the
importance of obesity (3). These reports highlighted the public health
significance of the national diet and the need to promote a different
pattern of eating. The 1976 report on cardiovascular disease was pro-
duced in conjunction with the British Cardiac Society and was re-
markable in many ways. It specified a goal for average national
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nutrient intakes for the first time in Britain, specified the extent to
which the average diet of the population should change, and pro-
duced a coherent set of dietary guidelines for use by the medical
profession and by the public. The report, however, had little impact,
perhaps because neither the Royal College nor the British Cardiac
Society had any mechanism for developing the next step, i.e., a health
promotion program. Indeed, neither organization has much expertise
in relating to journalists, still less in initiating a coherent national
campaign. The report may, however, have stimulated the Department
of Health to produce a booklet called Eating for Health (4) which in-
cluded, surprisingly, a call for a reduction in sugar intake in an effort
to control dental caries. This is the only report produced by the British
government so far which includes a recommendation on sugar.

Most attempts to have sugar discussed as a specific or general health
problem in Britain have provided an illustration of how any political
decision relating to food can become a very contentious issue. In the
case of sugar there are well recognized vested interests which have
long been known to organize highly co-ordinated campaigns in public
and private to ensure that sugar intake is maintained. Thus sceptical
nutritional scientists have been nurtured through a series of well
publicized conferences organized on a lavish scale and the individual
scientist’s research has been bolstered by commercially sponsored
research grants. Only recently has the possible link between com-
mercial research funding and the public stance of nutritionists been
highlighted after a year of detailed analysis of public and other rec-
ords. This link has now been published by a campaigning investi-
gative journalist, Geoffrey Cannon (5), who is widely perceived as
the scourge of a cosy network of academics, civil servants, and in-
dustry.

Despite the British tradition for settling matters of public interest
in the privacy of government offices, it became apparent in the late
1970s that the British public had an extreme interest in diet and its
relationship to health. This became clear when the British Broad-
casting Corporation began a series of short nutrition and health ed-
ucation programs. The emphasis in these programs was, for the first
time, on the role of diet in diseases of public health importance and
was produced with a popular entertainer who used the author as an
“expert.” The response from the public, retailers, and food manufac-
turers was remarkable; complaints from the millers and retailers came
thick and fast because they were unprepared to meet the new massive
demand for foods with a lower fat, higher fibre content! They then
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started intense advertising for particular food products. However,
some sectors of the food industry, the sugar sector for example, were
alerted to the possible damage to their trade and began to prepare
their defences.

In parallel with these developments attempts were being made to
produce a coherent set of practical dietary guidelines for use by
schools, health visitors, health educationalists, and the Health Edu-
cation Council. To this end a National Advisory Committee on Nu-
trition Education (NacNE) had been formed by both the Health
Education Council and the British Nutrition Foundation. This Foun-
dation is wholly supported by the food industry but aims to act as
an independent source of impartial information on food and nutrition
as well as serving as a focus for nutritional scientists and doctors to
interact with representatives of the food industry. The NACNE com-
mittee in 1980 invited two nutritional advisers (Mr Derek Miller and
myself) onto the main committee to seek guidance on what constituted
the current perceptions on nutrition and health. It soon became clear
that the committee’s professional groups had a perspective on nutri-
tion which could only be described as very old fashioned; dominant
was the idea that nutritional problems were only to be seen in a small
minority of vulnerable groups in society, e.g. in pre-term babies,
immigrants, and the elderly. Otherwise the only requirement was to
teach children how to avoid protein and vitamin deficiencies.

However, once a totally different approach had been outlined to
the committee relating diet to the problems of obesity, cardiovascular
disease, bowel disorders, and dental health, it became clear that a
new simple document for those involved in health and nutrition ed-
ucation was needed. To this end I was asked to organize a meeting
to establish the new proposals while retaining the principle of relying
on policy documents generated by authoritative bodies such as the
Royal College of Physicians, wHo, and the government. As the need
for practical, coherent, and quantified advice became evident, a set
of nutritional goals were produced, essentially based on the wno
document for the prevention of coronary heart disease and on the
Royal College Report on Obesity which I was drafting at the same
time. It soon became apparent, however, that the officials represent-
ing the Department of Health and the British Nutrition Foundation
(BNF) were very unhappy with what they perceived as new policy-
making. The Department of Health resented the usurping of their
power and the BNF was appalled by what they perceived as a radical
program for changing fat and sugar consumption. The then Director
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General of the BNF has since publicly confirmed that the constant
criticism of the various drafts of the NACNE report and the attempts
to delay and modify its impact and importance were part of a carefully
co-ordinated campaign between some Department of Health officials
and representatives of the food industry. Meanwhile, as author of
the NACNE report (6), I was asked to extend, illustrate, and reference
the report in response to pressure from the NACNE committee, which
wished to make the report substantial, and as readable and under-
standable as possible for those lay people involved in health pro-
motion. These changes, however, courted the criticism that the
document was a policy statement rather than the helpful health ed-
ucation document which had been my aim.

By early 1983 the Department of Health was able to claim that the
NACNE document could not be used and certainly not published be-
cause the Department had set up its own policy-making committee;
all therefore seemed lost, with delays anticipated for at least another
two to three years. However, the editor of The Lancet, Dr lan Munro,
was taking an interest, and Geoffrey Cannon, a highly effective jour-
nalist, had somehow gained access to all the drafts and correspond-
ence which I had distributed to the Committee. There then ensued a
public exposé of the conspiracy by officials within the Department of
Health and the BNF to obstruct the publication of the document. A
major quality Sunday newspaper broke the news as its front-page
feature and questions to the Prime Minister followed in the House of
Commons on the following Tuesday. Investigative journalists and
those involved in food or in health immediately took interest. The
Department and the BNF professed total innocence and a wish to see
the report published, but it was only the publication of extracts in
The Lancet which led to a frantic rush to see the document in print.
Thus a short document, never originally intended for publication,
was launched with publicity which could not have been bettered by
the most brilliant of advertising agents.

There then followed a curious phase during which a variety of
methods were used by government officials as well as by some sectors
of the food industry to reduce the impact of the report by blurring
its message, by casting doubt on the validity of its findings, or by
questioning the competence of its promoters. Some of the criticisms
were, of course, justified, as any scientist would agree when scruti-
nizing a simplified statement of current ideas on nutrition and health.
Unfortunately for the officials concerned, there was intense public
interest with an incessant demand by the media for information and
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guidance. Major establishment groups, e.g. the Church of England’s
Social Responsibility Committee, the main women’s organizations,
such as the Women’s Institute, and teaching and trade union orga-
nizations all decided to promote the need for change. Central gov-
ernment continued to refuse to endorse the NACNE report, but it
immediately became the basic document which community dietitians
and health officials used to formulate their health promotion cam-
paigns. Thus, four years later, over 85% of all health districts in Britain
now have a diet and health policy which incorporates the NACNE
guidelines, and a host of local initiatives are just beginning,.

Given this intense public discussion and new evidence of remark-
able dietary changes in a population that was considered by both
industry and nutritional scientists to be highly conservative, the at-
titude to policy-making began to change. The Department of Health
and the Ministry of Agriculture both formally accepted that their new
expert (coma) committee report (7) would become official government
policy before it had even been finalized. This reflected the effects of
a continuous barrage of questioning by Members of Parliament and
by journalists and the increasingly aggressive role of the Coronary
Prevention Group - a voluntary organization without commercial
links and with a new Director, Ms Anne Dillon, who had considerable
knowledge of and skill in parliamentary lobbying.

The coma report was received in 1985 with acclaim for three prin-
cipal reasons. First, it was written very carefully, in short, terse para-
graphs, without citing any detailed evidence to justify its policy-
making. In this way it avoided the usual British savaging by critics
who were left simply having to specify their disagreement. More
important, however, was the careful emphasis in the report on the
fact that none of the experts (including the Chairman of the wno
committee, Professor Rose, and myself) considered the evidence for
dietary change proven. Instead we were dealing cautiously with prob-
abilities. This statement came as an enormous relief to those in nu-
trition and in industry because at last it was recognized that policy-
making was an uncertain business; it also meant that critics could
continue with their own sometimes quirky views until “proof” was
obtained! The third reason for the report’s acceptability was that it
accorded with the medical profession’s and the public’s view of the
importance of the individual. The NACNE document had taken the
wHo approach of specifying targets for the average fat intakes of the
population and advocated shifting the distribution of intakes in the
population. This had the connotation of crude social engineering with
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general advice for everybody to eat less fat; this applied even to those
who were already eating very little. More socially acceptable was the
coMa report’s call for all those eating more than 35% of their energy
as fat to bring their intake below this value. This is philosophically
much more acceptable, since it seems to deal with only those who
need to change their diet. As a member of the comMa committee I
readily accepted this because I surmised that the overall effect would
be very similar, although I was unsure of how any individual could
readily estimate his dietary fat content nor how many of the popu-
lation would be affected.

These compromises seemed to be worthwhile because other rec-
ommendations in the coma report on the fat labelling of foods and
on changing agricultural practices to limit the fat content of carcasses
immediately forced the Ministry of Agriculture to consider new mea-
sures despite its traditional role of simply endorsing the recommen-
dations of a somewhat benighted British food and farming industry.
So, by 1985, the opportunity for government-initiated change was at
last accepted. I had, of course, forgotten that traditions die hard and
that the ability of civil servants to obfuscate is legendary.

Further Government Obstruction

Following the coMA report, a new committee was formed to replace
the NACNE committee and to implement the coma recommendations.
This yacNE committee (a “joint” rather than a “national” organization)
had a new chairman, Dr John Garrow. After a fierce rearguard action
by the BNF, we eventually produced a rather crude health promotional
pamphlet which was underfunded because the government in its then
monetarist phase was unwilling to provide any further cash to pay
for their much vaunted initiative. The report was also blocked by the
Department of Health, operating this time under pressure from the
Agricultural Ministry, which feared that the pamphlet might be taken
to imply that a reduction in milk and meat consumption, regardless
of its fat composition, was a good thing.

The jacNE pamphlet was again published after a public outcry and
the Chairman’s refusal to modify statements which were perceived
by the Committee as appropriate. Meanwhile a reformed BNF estab-
lished its own expert committee on sugar only to find its report de-
layed endlessly by a battle between nutritionists and the sugar
industry over how to specify the need for sugar consumption to fall.
Again the issue was whether one specifies a reduction in the average
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intake of the population or specifies an individual approach. The sugar
industry’s representatives had to accept that children needed to re-
duce the frequency of sugar intake and that those who were over-
weight should reduce their total intake. Thus, they wished to advocate
an unrealistic policy exclusively based on health and nutrition edu-
cation: the educational message would presumably have to change
from childhood to adulthood since current sugar intakes in adults
were seen to be acceptable, provided individuals were not overweight
or from the poorly specified category of those liable to gain weight.
Thus, those who perceived themselves as constitutionally thin with
a proper approach to dental hygiene and fluoridation need not be
advised to reduce their sugar intake! Such is the ability of commercial
pressures to push cautious academics into a corner where they can
maintain their scientific reputation even if they appear foolish to those
struggling to help a confused public to understand nutrition. Before
the report finally emerged, after much rewriting, the Department of
Health and Social Services (pHss) had surprisingly set up its own
panel on sugar and health, having originally specified that the BNF
was dealing with the problem. This probably reflects the desire of
government to be seen to be impartial once it is accused of simply
pandering to vested interests.

Policy-making in Europe - the Scandinavian Experience

The scientific controversy, intrigue, governmental obstruction, and
public debate seen in Britain is somewhat unusual in the rest of Eu-
rope, but this may reflect the fact that few other countries have con-
sidered the issues in such detail and that the European Economic
Community (Eec) still operates an agricultural policy without regard
to health issues.

European countries have had food policies for decades, these stem-
ming from the need to ensure adequate food supplies for their pop-
ulations during and immediately after the Second World War. These
policies were usually concerned with ensuring an adequate energy,
protein, and mineral (e.g. calcium) and vitamin intake with a prime
concern for preventing deficiency diseases. Thus the Report no. 4 of
1963—64 to the Storting in Norway noted that agricultural production
was geared to covering the national demand for milk, butter, cheese,
and meat, including pork and eggs. This emphasis on dairy and
animal products reflected the importance attached to these foods in
Europe following, for example, Boyd Orr’s pre-war studies on the
link between poverty, inadequate food supplies, and children’s



FOR REFERENCE PURPOSES ONLY

Dietary Guidelines and European Policy 11

growth (8). Milk supplements stimulated growth, and the concept of
first-class protein from animal sources pervaded nutritional and gov-
ernmental thinking in the 1930s and 1940s. Yet by 1968 a Nordic
committee, representing Norway, Denmark, Sweden, and Finland,
had already proposed a set of changes in policy, setting average pop-
ulation limits of 25-35% energy to be derived from fat, and calling
for a reduction in sugar intake and the labelling of the fat content of
foods. This policy stemmed from the emerging recognition that excess
dietary fat was conducive to the development of coronary heart dis-
ease.

In the 32nd Report to the Storting in Norway in 1975-76 the Nor-
wegian Ministry of Agriculture — not the Ministry of Health — set out
a much more coherent nutrition and food policy and considered the
financial and farming implications. They rejected any idea, for ex-
ample, of growing sugar beet in Norway and considered how best to
promote nutritional education. This Norwegian food policy is now
famous because it implied that central government had a major role
to play in integrating national planning with nutritional education
and health promotion.

European Approaches to Food Policy

Other individual countries are, however, developing new initiatives.
Italy managed to avoid official endorsement of its new set of dietary
guidelines by simply presenting the guidelines with the backing of
the National Institute of Nutrition to journalists in 1986. This seems
to be a successful way of initiating the debate and stimulating public
interest. In contrast, France has established a government committee
for considering nutrition and health but, perhaps not surprisingly,
nothing has yet happened. The comprehensive food and nutrition
policy document produced in the Netherlands by the Ministry of
Health seems to have avoided controversy by including a great deal
of material on food law and general nutrition relating to EEc food
legislation, with the dietary guidelines as a less prominent feature.
The Netherlands, with its high consumption of polyunsaturated-rich
margarines produced by the dominating industrial giant, Unilever,
may, however, be more flexible in its response than Britain.

A New WHO European Approach

To a North American audience the concept of developing a European
Health and Nutrition policy will seem strange — not because such a
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policy is unnecessary — but simply because the diversity of cultures
and of economic and political organizations within Europe would
argue against such a development. In practice there appears to be
only one organization capable of melding the variety of approaches
in this field - wHo — and it was this organization which initiated this
development in 1984.

Some of the history of this initiative may be of interest. Ms Elisabet
Helsing, newly appointed as Nutrition Officer in the wHO European
region and based therefore in the Copenhagen office, wondered how
best to provide member governments with a coherent view of nutri-
tion, given the pronouncements of recent wHO committees on pre-
venting coronary heart disease. How did these proposals mesh with
those reports dealing with the same problem or other aspects of nu-
trition and health considered by European governmental committees?
To this end she convened a panel of experts which selected a quartet
of medical nutritionists. Individual opinion of new research was not
considered relevant. Instead it was proposed that a document should
be produced which would serve to illustrate to government officials
the background and implications of the latest concepts of nutrition.
Such a document, written by me in conjunction with Prof. A. Ferro-
Luzzi of Italy, Prof. B. Isaksson of Sweden, and Prof. V. Szostak of
Poland, has now been produced (9). Initial drafts were considered by
a variety of individuals involved in nutrition, public health, policy
development, and governmental planning. Meetings were held in
Denmark, Britain, Finland, and Norway to allow redrafting and a
critical analysis of the usefulness of the various drafts.

We now have a document suitable for wide distribution which will
allow governments and organizations in both Eastern and Western
Europe to consider their policies in a new health-oriented light. This
is important because the major outcome of our review was that no
East European government had, as yet, recognized that their whole
agricultural policy (with huge implications for import/export trade)
was based on the same 1930s premises which have conditioned British
agricultural practice for decades. Thus, the promotion of meat and
dairy product consumption - regardless of fat content — is implicit in
the policies of nearly all European countries, thereby imposing a great
demand for cereal production and intensive agriculture. In the EEc
cereal production is excessive, but in the Comecon countries there is
a major deficit. Economists argue that the dietary change to a greater
proportion of animal products is an inevitable consequence of de-
veloping affluence and that the demand for agricultural land and
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cereal products inevitably rises. This is certainly happening in some
parts of Europe but it may not be inevitable.

The second feature of our analysis of European diets in relation to
health was the recognition that European countries in northern lati-
tudes probably had a traditional dietary pattern for strictly climatic
reasons. In northern climates it is much easier to survive by using
ruminant animals to graze the grass which grows seasonally. Cereal
production is also well suited to northern climates. In contrast, Med-
iterranean countries do not have the pasture for intensive animal and
dairy production but have a climate well suited to fruit and vegetable
production. It may not therefore be surprising that regional differ-
ences in food consumption were apparent. This recognition led us to
devise a new approach to policy so that northern European countries
could recognize that major agricultural issues are involved in dietary
change and to allow progressive and less painful adjustment in ag-
ricultural practice.

Table 1 shows a summary of the proposals for a European nutrition
policy. The intermediate goals are suitable for northern countries.
Each country is advised to assess its current pattern of consumption
and choose the intermediate or ultimate (ideal) wHo goals. Countries
which already have a low fat diet should ensure that they do not
follow the British pattern of agriculture and food production. This is
particularly true of Eastern European countries where central plan-
ning in theory means that much can be done on a central government
policy-making basis. In Italy, Greece, Spain, and Portugal current
dietary changes, which seem to be moving away from the traditional
Mediterranean diet, are seen as disadvantageous and need to be dis-
couraged. It now remains to be seen whether this new document has
the same effect as the British NACNE document and how different
governments react to an issue which has huge social, political, and
economic implications.

Conclusions

A very personal view of the problem of policy-making has been pre-
sented in the hope that it may highlight the complexity of the issues
- scientific, health, agricultural, industrial, and political. To generate
a new food and nutrition policy is not easy, and as soon as this is
done it promptly becomes a major social issue and immediately high-
lights for each country how changes can be made. In North America
there seems to be a greater flexibility because of the power and ef-
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Table 1
Intermediate or Ultimate European Nutrient Goals

Intermediate Nutrient Goals

High Ultimate
General Cardiovascular Nutrient
Population Risk Group Goals
Body Weight BMI 20 - 25 BMI 20 - 25 BMI 20 - 25
Total fat % energy 35 30 20 -30
Saturated fat % energy 15 10 10
P: S ratio 0.5 Increase up Increase up
to 1.0 to 1.0
Cholesterol mg/4.18 M] — <100 <100
Sugar % Energy 10 10 10
Complex carbohydrates Increase
% energy >40 >45 (45-55)
Dietary Fibre g.d-! 30 >30 >30
Nutrient density Increase Increase Increase
Salt g.d.-! 7-8 5 5
Protein % energy No change No change No change
(12-13)
Alcohol Limit Limit Limit
Water fluoride mg/1 0.7-1.2 0.7-1.2 0.7-1.2
Iodine prophylaxis + + +

'These goals are based mainly on what is widely considered to be an ideal nutritional pattern for
the prevention of cardiovascular diseases. The greater precision in the definition of nutrient goals
from those advocated by the WHO committee on cardiovascular diseases is simply to have con-
formity with the intermediate goals advocated by national and other WHO committees. The body
mass index (BMI) values are not necessarily appropriate for the developing world, where the average
BMI may be 18. The complex carbohydrate figures are implications of the other recommendations.
The intermediate targets are particularly applicable to northern European countries where the
average nutrient intakes are far removed from those considered ideal. Those at high risk from
cardiovascular disease are advised to have a diet more closely conforming to the ultimate goal.
Dietary fibre values are based on analytical methods that measure non-starch polysaccharide and
the enzyme-resistant starch produced by food processing or culinary methods. All the values given
as a percentage of energy refer to alcohol-free total energy intakes.

fectiveness of consumer organizations. In Europe, however, there are
many fewer consumer organizations, and culturally we have a tra-
dition in which central government, with its interplay of vested in-
terests, plays a much more dominant role. This is true of Western
European countries as well as of those under a Communist regime.
Governmental policy-making in the economic, agricultural, and
health fields can be used extremely effectively to promote public
awareness of health and dietary change, as was vividly illustrated
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during the Second World War in Britain. There is still doubt, however,
whether European governments will grasp the need for a coherent
food and health program, because it does demand that governments
reassess a complex range of long-standing policies. The one hopeful
sign is that this re-examination of priorities may be precipitated by
the need to re-analyze agricultural policy because of its heavy financial
burden on the community. It seems likely that only major economic
issues are likely to provide the stimulus for governmental change.
Without these pressures most of the developments in agricultural and
food manufacturing of benefit to health are likely to come from con-
sumer-led changes in demand.
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RICHARD J. HAVEL

Dietary and Hereditary
Factors in Coronary Heart
Disease

Diet may influence coronary heart disease (CHD) in several ways. It
can affect lipoprotein levels in blood plasma, as well as the behaviour
of cellular elements such as platelets, substances that participate in
the development of atherosclerotic plaques and in the ultimate throm-
bosis that usually causes heart attacks. From many studies in animals
fed cholesterol or fat-rich diets, however, it appears that deposition
of cholesterol in developing plaques is essential to formation of the
complicated lesions that almost invariably underlie the thrombotic
event. I shall limit my remarks to the influence of dietary and hered-
itary factors on plasma lipoprotein levels and the relationship between
these levels and cHD.

The general acceptance of a major etiological relationship between
plasma lipoprotein levels and cHD is based on several independent
lines of evidence. These include epidemiological studies of large pop-
ulation groups, dietary and other studies in experimental animals and
in humans, studies of cHD in persons affected by mutant genes that
alter plasma lipoproteins, and, most recently, studies of the effects
of reducing lipoprotein levels on atherosclerotic plaques and the in-
cidence of CHD.

Discussion as to the proper approach to reducing the burden of
cHD in westernized countries in which heart attacks are the most
common cause of death is burgeoning. Some people believe that the
most effective way of dealing with this problem is to identify and
treat those individuals in the population who are at high risk of de-
veloping cHD prematurely; others believe that only by intervening
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against the key etiological factors in the population as a whole will it
be possible to eliminate heart attacks as a major cause of death and
disability. To facilitate consideration of the underlying issues, I shall
briefly review the data that underlie the proposed intervention strat-
egies as well as our current understanding of the regulation of lipo-
protein levels in individuals and populations.

Epidemiological Studies of Diet, Plasma Lipoproteins, and CHD

Comparisons of the prevalence of coronary heart disease among pop-
ulations in different countries, coupled with studies of migrant pop-
ulations, have provided persuasive evidence that cHD is not an
inevitable consequence of aging in any population group. That cap
prevalence in different countries is strongly related to plasma cho-
lesterol levels was clearly shown more than 25 years ago in the sev-
en — countries study of Keys and his associates (1). The average level
of plasma cholesterol appeared to be related to diet, primarily the
daily intake of saturated fats and cholesterol (2,3). The plasma cho-
lesterol level is a surrogate for the level of cholesterol in a specific
lipoprotein class — the low density lipoproteins (LDL); in turn, the LDL-
cholesterol level is a surrogate for the concentration of LDL particles
in the blood (each LDL particle contains about 2000 molecules of cho-
lesterol). When groups move from a region with a low prevalence of
cHD to one with a high prevalence, they take on the risk characteristics
of others residing there. In the Ni-Hon-5an study (4), Japanese who
had migrated from Japan to San Francisco were found to have higher
CHD prevalence rates. Those who had migrated to Honolulu had an
intermediate prevalence of cap. In general the prevalence of cup in
these three populations was found to be directly related to their serum
cholesterol levels and the extent of acculturation to a “western” life
style, including diet.

Studies of cup incidence within populations have shown a clear
relationship to plasma LpL-cholesterol levels measured well in ad-
vance of clinical manifestations of coronary artery atherosclerosis.
This has been shown for both men and women in the long-term study
of the population of Framingham, Massachusetts (5), and in many
others. By contrast, the level of high density lipoprotein (HDL)-cho-
lesterol has been found to be a “negative” risk factor — the higher the
level of HpL-cholesterol the lower the risk of developing cHD.

It has been difficult to show that individual Lpr-cholesterol levels
in such populations are related to the habitual intake of saturated fats
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and cholesterol even though these dietary constituents are known to
be important determinants of these levels. This difficulty is thought
to be related to the limitations of methods used to estimate the average
dietary intake of individuals, to the fact that most individuals within
population groups eat similar diets, and to the constitutional (genetic)
factors that influence individual LpiL-cholesterol levels.

The factors that influence HDL-cholesterol levels in population
groups are only partially understood. HpL-cholesterol levels are in-
versely related to the level of fats (triglycerides) in the blood (6).
Triglycerides are transported mainly in very low density lipoprotein
(vLpL) particles. In general, the more efficient the transport of vLDL-
triglycerides, the higher the level of HpL-cholesterol. The efficiency
of triglyceride transport is influenced by many factors, both genetic
and environmental. In addition to the relationship to triglyceride
transport, alcohol and tobacco use influence HDL-cholesterol levels
(6), making it difficult to determine which factors are most important
in individuals within populations. Interestingly, in those countries
where dietary fat intakes and the prevalence of cup are low, levels
of HpL-cholesterol as well as LDL-cholesterol are lower than in coun-
tries with high fat intakes and cHD prevalence (7).

The relationship between LbL-cholesterol level and cHD risk within
populations is curvilinear. As levels increase above those found in
countries with a low prevalence of developing cHD, the risk of dying
from cHD rises slowly at first, and then progressively more rapidly
(Fig. 1). From data obtained in the Multiple Risk Factor Intervention
Trial (MRFIT) carried out in the United States during the 1970s, there
seems to be no prevailing cholesterol level below which risk becomes
both low and invariate (8). However, the postulated benefit of a given
reduction in serum cholesterol (for example, by 10%) is greater for
individuals with high levels (for example, above 240 mg/dl) than for
those with lower levels (for example, below 220 mg/dl).

Metabolic Studies of Diet and Plasma Lipoprotein Levels in
Humans and Other Mammals

To understand the effect of diet on plasma cholesterol levels, it is
necessary to have some familiarity with the pathways of lipid trans-
port in lipoproteins (9). Dietary triglycerides and cholesterol are ab-
sorbed in the mucosal cells of the small intestine, where they are
packaged into lipoprotein particles called chylomicrons. The chylomi-
crons are delivered into the blood where the triglycerides are removed
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Figure 1. Relative risk of CHD as related to serum cholesterol levels in the population
of Framingham, Massachusetts. The histogram shows the distribution of serum cho-
lesterol levels in Framingham, and the curved line is the logistic fit of serum cholesterol
levels to the yearly risk of death from cHp. The numbers at the column heads are the
excess deaths (above the baseline levels of 6) attributable to each range of serum
cholesterol, taking into account the number of people in each range. Note that 47%
(*%4 X 100) of the deaths attributable to serum cholesterol occur in the range between
190 and 250 mg/dl. From Blackburn H. Epidemiologic evidence: the causes and prevention
of atherosclerosis. In: Steinberg D, Olefsky JM, eds. New York: Churchill Livingstone,
1987:89, with permission of the publisher.

into various tissues by the action of an enzyme called lipoprotein
lipase. This enzyme splits the triglyceride molecule into its component
fatty acids and glycerol, which are rapidly metabolized. The remaining
chylomicron particle, called a chylomicron remnant, is taken up rap-
idly into the liver, carrying with it some residual triglyceride and
almost all of the dietary cholesterol. For this reason dietary cholesterol
does not immediately influence the cholesterol level in blood plasma.

The liver also secretes particles that resemble chylomicrons, but
most of these particles are considerably smaller. As with chylomi-
crons, the triglycerides in vLDL are removed by the action of lipopro-
tein lipase, and vLDL remnants are formed. Some vLDL remnants, like
chylomicron remnants, are taken up efficiently into the liver, but
others are further metabolized to form oL (Fig. 2). LDL are also taken
up to a large extent by the liver, but this process is much less efficient,
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Figure 2. The metabolism of vLDL proceeds in two steps. The first yields vLpL remnants
from the action of lipoprotein lipase upon vLDL lipids, mainly triglycerides (1G). The
second can proceed in two directions. One involves the further hydrolysis of vipL
lipids and results in the production of LDL particles, rich in cholesterol and cholesteryl
esters (CE), in which apolipoprotein B-100 is the sole protein component. The other
involves binding of vLDL remnants via apolipoprotein E to LDL (B-100:E) receptors on
the surface of hepatocytes and leads to endocytosis and lysosomal degradation of the
particles. LDL are also eventually taken up by LDL receptors via apolipoprotein B-100,
mainly into hepatocytes, but at a much slower fractional rate than remnant particles.
According to this scheme, high receptor levels both reduce the formation and increase
the efficiency of removal of Lpr. From Havel RJ. Role of the liver in atherosclerosis.
Arteriosclerosis 1985; 569—580, with permission of the publisher.

so that LpL particles tend to circulate for several days, whereas vipL
remnant particles circulate for only minutes to hours. Consequently,
there are normally many more LDL particles than vLDL particles in the
blood, and LDL contain about two-thirds of the total circulating cho-
lesterol. About one-fourth of circulating cholesterol is in HDL and the
remainder is in VLDL.

The removal of vLDL remnants and LpL into the liver is mediated
by a lipoprotein receptor, called the “LpL receptor,” on the surface of
liver cells. The LDL receptor binds to these lipoproteins specifically
via certain protein components called apolipoproteins. The binding
leads to uptake of the lipoprotein particle into the cell, where it is
rapidly degraded. The number of receptor molecules on the cell sur-
face is regulated by the cell’s need for cholesterol. Thus when dietary
cholesterol intake is high and the liver cholesterol content tends to
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rise, liver cells sense this by making fewer LDL receptor molecules.
This is particularly the case when the liver’s ability to excrete the
cholesterol is limited. In some animals, such as the rat, dietary cho-
lesterol is excreted very efficiently into the bile, mainly after conver-
sion to bile acids. In other animals, such as the rabbit, biliary excretion
of cholesterol (and its conversion to bile acids) is much more limited,
so that dietary cholesterol tends to accumulate in the liver. As a result,
the rat liver continues to make LDL receptors when the diet is rich in
cholesterol, whereas the rabbit liver virtually stops making receptors.
Therefore, rats on cholesterol-rich diets have low plasma cholesterol
levels, whereas rabbits develop extremely high levels. In the rabbit,
the situation is compounded by the production of vLDL particles that
are unusually cholesterol-rich. Humans seem to vary in their response
to dietary cholesterol, perhaps in part because they vary in their ability
to excrete cholesterol into the bile or to convert cholesterol to bile
acids (10). In addition, persons who respond to cholesterol-rich diets
with a substantial increase in LpL-cholesterol levels may absorb cho-
lesterol more efficiently than those who do not. In one recent study,
individuals who carried an allele for a particular variant of apolipo-
protein E (E-4) were found to have higher Lpir-cholesterol levels and
to be more efficient absorbers of dietary cholesterol (11).

Almost all individuals respond to an increase in dietary saturated
fat intake with an increase in LDL (as well as HDL) cholesterol levels
(12). From studies in experimental animals, it appears that saturated
fat-rich diets reduce the number of LDL receptors on liver cells (13).
Although the mechanism of this effect of saturated fat intake is un-
clear, it is important to note that dietary cholesterol is generally con-
tained in those foods that are also rich in saturated fats, such as dairy
products and red meats. Thus, intake of such foods reduces the num-
ber of LDL receptors in the liver.

As will be described below, a reduction of the number of LDL re-
ceptors on liver cells has two effects, both of which tend to raise LpL
levels. First, the removal of LDL becomes less efficient when the re-
ceptor number is reduced. Second, fewer vLDL remnants are removed
directly by the liver, because they tend to circulate in the blood for
longer periods of time and are progressively converted to LDL parti-
cles. Thus, with few LDL receptors, not only do LDL particles circulate
for longer periods of time, but more LDL particles, which are inher-
ently metabolized less efficiently than vLDL remnants, are produced.
A reduction in receptor number therefore has a large effect on the
level of LpL in the blood.
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It can be predicted that the number of LDL receptors on liver cells
is higher in those countries in which the intake of meats (especially
red meats) and dairy products is low (14). In such countries, the
average individual should remove more vLDL particles efficiently as
VLDL remnants. LDL levels are thus low because fewer LDL particles
are produced and those that are have a shorter life span in the blood.

Genetic Disorders of the Plasma Lipoproteins and CHD

Not all individuals with high lipoprotein levels are prone to develop
cHD prematurely. For example, individuals with genetically deter-
mined deficiency of lipoprotein lipase who are unable to make rem-
nant particles (and consequently produce few LDL particles) seem to
have little tendency to develop clinical evidences of cHD. As might
be expected from the epidemiological relationships described above,
individuals who have genetically determined elevations of LDL are
prone to premature heart attacks and death from cup. The best under-
stood of the genetic disorders leading to elevated LDL levels is familial
hypercholesterolemia, in which mutations of the gene for the LbL
receptor lead to a reduced number of functional receptor molecules
(15). Indeed, the LbL receptor was discovered by Brown and Goldstein
when they found that cultured skin fibroblasts from patients with the
severe, homozygous form of this disease lack high affinity binding
sites for LpDL and are unable to take up LpL efficiently from tissue
culture medium (15). Most individuals with this disorder (about one
person in 500 throughout the world) are heterozygous for a mutant
gene and hence make about one-half the number of LDL receptors on
any given diet. They consequently have somewhat more than twice
the normal concentration of LDL particles in the blood. When they
live in westernized countries, they tend to develop heart attacks in
their 40s or 50s and sometimes even earlier. The rare homozygotes,
who have few or no functional LDL receptors, LDL levels several times
normal, as well as a substantial accumulation of VLDL remnants, usu-
ally develop cHb in childhood.

The pathogenesis of the hyperlipidemia in familial hypercholester-
olemia has become better understood as a result of the discovery by
Watanabe in Japan of a mutation of the LDL receptor gene in rabbits.
This mutation leads to synthesis of an abnormal LDL receptor protein
in which five amino acids in the lipoprotein-binding domain of the
protein are missing (16). This mutant receptor is not transported nor-
mally to the cell surface and it may also bind some lipoprotein particles
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inefficiently. Inbred rabbits homozygous for this mutant gene have a
severe form of hypercholesterolemia resembling that of humans with
homozygous familial hypercholesterolemia. Studies of these animals
(Watanabe heritable hyperlipidemic (wHHL) rabbits) have shown that
they metabolize chylomicrons and chylomicron remnants normally
so that dietary cholesterol is delivered efficiently to the liver. How-
ever, they take up vLDL remnants and LpL inefficiently. Furthermore,
they convert many more vLDL remnant particles to LDL than normal
rabbits. As in normal humans, VLDL remnants are normally removed
efficiently from the blood of normal rabbits and only about 8% are
converted to LDL (17). In normal rabbits, the removal of vLDL remnants
is mediated by the binding of a specific protein on the vLDL surface
to the LDL receptor. This protein (apolipoprotein E) contains a domain
rich in positively charged amino acids which bind to negatively
charged binding sites on the receptor molecules. Most vLDL particles
contain several molecules of the E protein, so that a single vLDL rem-
nant particle can bind to multiple receptor-binding sites. The resulting
binding, which is very tight and irreversible, is thought to underlie
the efficient removal of the vLDL remnants from the blood. By contrast,
LDL molecules contain no apolipoprotein E molecules or at most only
one. They bind to the receptor mainly via a different protein, apoli-
poprotein B, on the LbL surface. Since each LDL molecule contains
only a single molecule of apolipoprotein B, the affinity of binding is
much lower than that of vLDL remnant particles. In the wHHL rabbits
LDL particles are unable to bind to the few mutant receptors on the
surface of liver cells. Some vLDL remnants may bind to some extent,
but the net result is that about 40% of VLDL remnants are converted
to LpL which circulate for days, building up high levels of LpL (as
well as VLDL remnants) in the blood (17). wHHL homozygotes develop
visible atherosclerotic lesions in the coronary arteries of the heart and
other arteries in a matter of months, and they may die of heart attacks
after two to three years (18).

In rabbits and humans with genetically determined deficiency of
LDL receptors, there is no other defect that can account for their pre-
mature atherosclerosis and heart attacks. The mechanism by which
high LDL (or viLDL remnant) levels leads to atherosclerotic plaques is
not clearly understood. The atherogenic lipoproteins appear early in
scavenger cells (macrophages) in focal regions of the arterial wall (19).
In the case of vLDL remnants, these lipoproteins bind to a form of the
LDL receptor on the macrophage surface. The receptor concentration
in these cells remains high so that they are converted to “foam cells,”
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rich in cholesteryl esters. These cells eventually rupture, spilling large
amounts of lipoprotein into the interstitial space of the arterial wall.
In the case of LDL, recent studies suggest that uptake into macro-
phages may require oxidative modification of proteins and lipids on
the particle surface. The modified LpL particles are taken up via a
special “scavenger” receptor to yield foam cells (20).

Another genetic disorder of the plasma lipoproteins affects apoli-
poprotein E (21). Mutations of the gene which affect the positively
charged binding domain yield a form of this protein that binds poorly
to the LDL receptor. About one percent of all individuals in the pop-
ulation, who are homozygous for such mutant forms of apolipoprotein
E, tend to accumulate remnants of both vipL and chylomicrons in the
blood. Interestingly, the vLDL remnants are converted poorly to LDL,
and LpL levels tend to be lower than in unaffected individuals. Such
homozygotes do not appear to be at increased risk of cup. However,
in the presence of other genetic abnormalities that increase vLDL syn-
thesis, they may have high levels of vLpL remnants rich in cholesterol
and then develop premature atherosclerotic disease. The lipoprotein
abnormality in such affected homozygotes resembles that found in
rabbits fed cholesterol-rich diets. However, atherosclerotic plaques
develop much more rapidly in cholesterol-fed rabbits than in humans
with dysfunctional apolipoprotein E. It is possible that the remnant
particles containing dysfunctional apolipoprotein E have less ten-
dency to produce foam cells than the cholesterol-rich particles in rab-
bits because they bind poorly to macrophage LDL receptors. In any
event, it appears that vLDL remnant particles as well as LpL particles
are potentially atherogenic.

Intervention against Established CHD

Several recent controlled studies suggest that reducing LpL levels, by
diet or by use of drugs, can reduce the rate of progression of estab-
lished atherosclerotic plaques in the coronary arteries. In the Oslo
Study Group Trial, reduction of LDL levels of middle-aged men by
dietary means, together with reduced cigarette smoking, was accom-
panied by a substantially reduced incidence of cHD (22). In the Lipid
Research Clinics Primary Prevention Trial, reduction of LDL levels by
administration of the bile acid-binding resin, cholestyramine, reduced
the incidence of heart attacks and death from cup. The reduction of
death rate from cHD was proportional to the amount of the drug taken
and the percentage reduction of LDL-cholesterol level (23). In a recent
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study, LpL-cholesterol levels were lowered drastically in men with
established cup, who had had coronary bypass graft surgery, by
administering another bile acid-binding resin (colestipol) together
with large doses of niacin, which reduces vLpL synthesis in the liver.
The progression of atherosclerotic lesions in native coronary arteries,
as well as in the grafts, was slowed and there was even some sug-
gestion of regression of a few lesions (24). These trials involved men
with higher than average LpL-cholesterol levels. On the basis of cur-
rent knowledge of the pathogenesis of atherosclerosis in experimental
animals and humans, and the relationships between LpL-cholesterol
levels and the prevalence and incidence of cHD, many investigators
in the lipoprotein field believe that the results observed in these and
other trials can reasonably be extrapolated to the bulk of the popu-
lation in westernized countries with plasma cholesterol levels above
180 mg/dl.

Population and Individual Approaches to Lipoproteins and CHD

Not everyone in westernized countries is destined to develop cup
even though cHpD is the most common cause of death. If it were
possible to identify easily those individuals who are susceptible to
atherosclerotic complications (mainly cHp), an individually targeted
approach to this problem would seem to be logical and cost-effective
(Table 1). Assessment of susceptibility is not simply a matter of de-
termining the ambient level of LpL-cholesterol (or of VLDL remnant or
HDL levels). For example, some individuals with heterozygous familial
hypercholesterolemia may live to advanced age without developing
CHD, 0Or even coronary atherosclerosis demonstrable by angiography.
Evidently other factors, about which we know little, determine the
likelihood that an individual with a given lipoprotein level will de-
velop occlusive plaques or heart attacks. Under these circumstances,
efficient application of the individual approach would appear to re-
quire an inexpensive, safe (non-invasive) method to determine the
presence and severity of atherosclerotic lesions. Such a method may
eventually be developed, but it is unlikely to be available in the next
few years. Alternatively, a simple and safe method to reduce the level
of atherogenic lipoproteins (for example, with a magic bullet to stim-
ulate the synthesis of LDL receptors or to prolong their lifespan) could
conceivably be used in all individuals with an LbL level above some
defined set-point. With the current development of specific inhibitors
of cholesterol synthesis which secondarily stimulate receptor synthe-
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Table 1
The Individual (Genetic) Approach to Hyperlipidemia and Coronary Heart Disease

Current
— Measurement of lipid levels: total serum cholesterol
triglycerides
upL cholesterol
Future

— Identification of major gene abnormalities and protein polymorphisms
— Non-invasive or minimally invasive evaluation of coronary lesions
— Prevention by a “magic bullet”

sis (25), there is some reason to be optimistic about this possibility.
Safety would become a paramount consideration in direct relationship
to the set-point above which such treatment could be justified, and
general experience suggests that it is unlikely that a drug which is
safe in virtually everyone will be developed.

The population approach to hyperlipoproteinemia and cHp is pred-
icated upon extrapolation of the results of intervention in hypercho-
lesterolemic men to the general population. The practicality of
widespread modification of the diet has been demonstrated to date
in only limited studies. However, based upon what is currently
known about the regulation of hepatic LpL receptors, the ingredients
of an appropriate diet are reasonably simple and straightforward (Ta-
ble 2). The need for a population approach is based upon the reali-
zation that treatment of only those individuals judged to be
hypercholesterolemic (for example, the upper 10% of the population)
will not reduce the bulk of the burden of premature cap in west-
ernized countries (Fig. 1). Furthermore, the population approach is
based upon the prediction that small reductions in LbL-cholesterol
will have substantial effects on the incidence of cap. The population
approach is of necessity confined to the use of dietary modification,
and it is important therefore to consider the influence of social, in-
cluding particularly family, interactions in the implementation of any
dietary program. Finally, it must of course be realized that a popu-
lation approach to dietary modification will only be possible in the
long run if the food supply is coordinately modified.

There is no necessary conflict between the individual and popu-
lation approaches to reducing lipoprotein levels. Individuals at high
risk for cHD because of high levels of LDL or vLDL remnants may well
require drug treatment as well as extensive dietary modification.
Their problem will therefore not be adequately addressed by a mod-
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Table 2
The Population Approach to Diet and Coronary Heart Disease

- Single diet is appropriate for almost all purposes

- Small reductions in LpL-cholesterol can yield large overall benefits
~ Compliance is enhanced by family and other social interactions

- Change in food supply is facilitated

erate change in the diet of the population as a whole. On the other
hand, the individual approach will not help those in the population
who are destined to develop premature cHD even though they have
“average” lipoprotein levels. If the burden of cHD can be alleviated
by modification of lipoprotein levels, both approaches will have to be
applied effectively, so that the average cholesterol level is reduced to
a value commensurate with a very low incidence of cHp and virtually
no one has a level at which cHbD risk is inordinately high.
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Coronary Heart Disease:
Prevention and Treatment
by Nutritional Change

Diet greatly affects many of the risk factors which cause coronary
heart disease. In fact, nutrition itself must be listed as one of the major
risk factors because of its tremendous modifying effects on the disease
process, atherosclerosis. The most important risk factor in which diet
plays the major role, both in causation and in treatment, is hyper-
lipidemia (See Fig. 1).

Hyperlipidemia is important because it forms the basis for the ex-
cessive infiltration of lipid into the arterial intima with atherosclerosis
an ultimate consequence. Stage 1 in the development of coronary
heart disease is hyperlipidemia or, as depicted in the figure, hyper-
cholesterolemia, but this could indicate any abnormality of the plasma
lipids - lipoproteins including cholesterol, low density lipoprotein
(LpL), very low density lipoprotein (vLDL), triglyceride, high density
lipoprotein (#DL), and the remnants of chylomicrons and vipL. If
hyperlipidemia is not present, then atherosclerosis does not result.
Should atherosclerosis be prevented, then stage 3, coronary heart
disease, the clinical expression of this underlying and silent disorder,
will not occur.

The cause of hyperlipidemia is clearcut for 1% or less of the pop-
ulation. Hyperlipidemia will result regardless of environmental fac-
tors because of genetic predisposition. Familial hypercholesterolemia
is the classic example of genetic hyperlipidemia, but there are many
others. For the other 99% of the population, dietary factors are crucial
in the development of hyperlipidemia. Even dietary factors will affect
the hyperlipidemia of genetically based disorders but, in most in-
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FACTORS IN THE OEVELOPMENT OF CORONARY HEART DISEASE

DIET HEREDITY

Obesity 5

Stages

I HYPERCHOLESTEROLEMIA
<«—— Hypertension
v

T ATHERQSCLEROSIS

«———— Cigarette Smoking
Physical Inactivity ————»

L Stress

Ir CORONARY HEART DISEASE

Figure 1. The stages and important factors in the development of coronary heart
disease.

stances, will probably not make the situation completely normal.
Pharmaceutical agents will be required, but these act synergistically
with diet.

The second risk factor affected by diet is thrombosis, a critical event
in the evolution of the atherosclerotic plaque to complete coronary
occlusion. Certain nutritional factors are thrombogenic, others are
antithrombogenic. In both hyperlipidemia and thrombosis, the
amount and kind of dietary fat are important.

A third risk factor, one obviously important and affected by nutri-
tion, is obesity, which influences in turn hyperlipidemia, thrombosis
and hypertension. Overweight may develop when another risk factor
is abolished (i.e. cigarette smoking). Finally, the important risk factor,
hypertension, is greatly affected by dietary electrolytes: sodium raises
and potassium lowers blood pressure (1). Fortunately, from the point
of view of therapeutic simplicity, the same dietary lifestyle can be
used to modify all four of these coronary risk factors: hyperlipidemia,
thrombosis, obesity and hypertension.

The goals of this paper are 1) to review the precise roles that nu-
tritional factors play in the causation of the atherosclerotic plaque,
which is the underlying lesion of coronary heart disease (Fig. 1), and
2) to delineate a practical approach to the dietary prevention and
treatment of atherosclerosis. Attention will be given to the two com-
ponents of the atherosclerotic plaque that lead to the development of
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overt coronary heart disease ~ namely, the lipid-rich, fibrous atheroma
and the superimposed thrombotic lesion.

Dietary factors affect both the initiation and growth of the athero-
sclerotic plaque and the final thrombotic episode. The evidence about
dietary factors and the genesis of atherosclerosis is best illustrated by
the numerous experiments over the past 30 years carried out in sub-
human primates. In these experiments dietary cholesterol and fat
were the “sine qua non” components necessary to produce hyper-
cholesterolemia and atherosclerosis in many species of monkeys (2—
4). The atherosclerosis produced was severe and complicated, cul-
minating in some monkeys in myocardial infarction, stroke and gan-
grene of an extremity (4). These clinical features have reproduced the
spectrum of the consequences of atherosclerotic disease in humans.
In all of these experiments, diet exerted its effect on atherosclerosis
by raising plasma lipid and lipoprotein concentrations.

The epidemiological evidence is likewise clearcut: populations con-
suming a low-cholesterol, low-fat diet have little coronary heart dis-
ease, whereas in populations of the Western world where the diet
concentrates upon animal foods rich in cholesterol and saturated fat,
the incidence of coronary heart disease is very high (5). Japan is a
classic example of a country with modern technology and a high living
standard and yet a low incidence of coronary heart disease. The Jap-
anese consume a low-cholesterol, low-fat diet and habitually have
low plasma cholesterol levels. Here, again, the links between diet and
clinical expression of coronary heart disease are the lifelong plasma
cholesterol and LbL concentrations. In addition, populations with a
low incidence of coronary heart disease and a low-fat dietary back-
ground also have a low incidence of clinical thrombosis.

The review of information on the vital role of plasma lipid and
lipoprotein concentrations in the development of atherosclerosis
raises a crucial question: Can dietary change lower elevated plasma
lipid and lipoprotein concentrations in patients and in population
subgroups of the Western world? The answer is an unequivocal yes.
Experiments over the past 20 years have indicated which dietary com-
ponents have an important effect upon plasma lipid and lipoprotein
concentrations in humans. The major dietary factors to be considered
include the following:

1 Cholesterol
2 Total fat

* Saturated fat

* Monounsaturated fat

¢ Polyunsaturated fat (omega-3 and omega-6)
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3 carbohydrate, fibre, starch and sugars
4 protein
5 other nutrients (calories, alcohol, lecithin, vitamins and minerals)

Dietary Cholesterol

Dietary cholesterol enters the body via the chylomicron pathway and
is removed from the plasma by the liver as a component of chylomi-
cron remnants. Only about 40% of ingested cholesterol is absorbed,
the remaining 60% passing out in the stool. Dietary cholesterol is thus
added to the cholesterol synthesized by the body, since feedback
inhibition of cholesterol biosynthsis in the body only partially occurs
in man even when a large amount of dietary cholesterol is ingested
(6). Because the ring structure of the sterol nucleus cannot be broken
down by the tissues of the body as does occur for fat, protein and
carbohydrate, it must be either excreted or stored. Thus, it is easy to
see how the body or a particular tissue, i.e. a coronary artery, can
become overloaded with cholesterol if there are limitations in choles-
terol excretion from the body and from certain tissues. Cholesterol is
excreted in the bile and ultimately in the stool, either as such or as
bile acids synthesized in the liver from cholesterol. Both of these
pathways of excretion are limited and, furthermore, the very efficient
enterohepatic reabsorption and circulation returns much of what is
excreted into the bile back into the body.

Dietary cholesterol does not directly enter into the formation of the
lipoproteins synthesized in the liver, vLpL and LpL, since it is removed
by the liver as a component of the chylomicron remnants. It can,
however, profoundly affect the catabolism of LDL as mediated through
the LDL receptor. Since dietary cholesterol ultimately contributes to
the total amount of hepatic cell cholesterol, it can affect the biosyn-
thesis of cholesterol and modify LDL receptor activity in the liver. In
particular, an increase in hepatic cell cholesterol will decrease LpL
receptor activity and, subsequently, cause an increase in the level of
LDL cholesterol in the plasma (7-10). Conversely, a drastic decrease
in dietary cholesterol will increase the LDL receptor activity in the
liver, enhance LDL removal and, hence, lower plasma Lp1 levels. Table
1 lists the effects of dietary cholesterol.

Over the past 30 years, some 26 separate metabolic experiments
involving 196 human subjects and patients have shown decisive ef-
fects of dietary cholesterol upon plasma cholesterol and LpL levels
(11-14). Even patients with familial hypercholesterolemia respond
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Table 1
Effects of Dietary Cholesterol on LpL levels

1 Increased chylomicrons and remnants
2 Increased hepatic cell cholesterol
Consequences:
Decreased cholesterol biosynthesis
Partial compensation in excretion of biliary cholesterol and bile acids to lessen
hepatic cholesterol.
Decreased synthesis of LDL receptors
Increased plasma LpL
3 Increased plasma LpL
Consequence:
Deposition of cholesterol into the arterial wall.

greatly to dietary cholesterol. Table 2 shows that the plasma choles-
terol level decreased 18% and 21% in two patients with Fa (homo-
zygotes) in response to the removal of cholesterol from the diet. This
is similar to the mean plasma cholesterol increase of 17% that occurred
when 1000 mg dietary cholesterol was added to a cholesterol-free diet
in 25 subjects (11 normal, 7 with type Il-a mild, 5 with II-a severe,
and g with type IV hyperlipidemia) (15) (Fig. 2).

LDL increased very significantly in all groups, again showing in-
directly the effects of dietary cholesterol upon the LDL receptor. These
data further document the importance of dietary factors in hyper-
lipidemia of any phenotype or genotype. However, as pointed out
years ago, the doubling or tripling of the amounts of dietary choles-
terol will not necessarily increase the plasma levels if the initial
amount of dietary cholesterol is already substantial, i.e. an increase
to 950 mg per day from a previous intake of 475 mg per day (12).
Despite this earlier literature, such attempts are still being carried out
and are highly touted as showing that dietary cholesterol has no effect
on the plasma cholesterol levels. There is a review for those who wish
to explore the subject more fully (16).

The effects upon the plasma cholesterol as the amount of dietary
cholesterol is gradually increased may be depicted in Figure 3, and
are supported by both animal and human experiments. With a base-
line cholesterol-free diet, the amount of dietary cholesterol necessary
to produce an increase in the plasma cholesterol concentration is
termed “the threshold amount.” Then, as the amount of dietary cho-
lesterol is increased, the plasma cholesterol increases likewise until
the second important point on this curve is reached, which is termed
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Table 2
The Effect of a Cholesterol-Free Diet on the Plasma Cholesterol
Level in Two Patients With Familial Hypercholesterolemia (Homozygotes)

Plasma Cholesterol (mg/dl)

Diet DL DC
Cholesterol, 250 mg/day 737 786
Cholesterol-free 578 644

Change -21% - 18%
Hyperalimentation 401 418

“the ceiling amount.” Further increases in dietary cholesterol do not
lead to higher levels of the plasma cholesterol even if phenomenally
high amounts may be fed. Each animal or human being probably has
its own distinctive threshold and ceiling amounts. Generally speak-
ing, however, and again based on the experimental literature, we
would suggest that an average threshold amount for human beings
would be 100 mg/day. An average ceiling amount of dietary choles-
terol would be in the neighbourhood of 300-400 mg/day. Further
experiments will be necessary to provide more precise information
about the ceiling. Thus, a baseline dietary cholesterol intake of 500
mg/day from two eggs would, for most individuals, already exceed
the ceiling. The addition of two more egg yolks for a total of 1000 mg/
day would not then further increase the plasma cholesterol concen-
tration. Yet, beginning with a baseline very low cholesterol diet under
100 mg/day and adding the equivalent of two egg yolks, or 500 mg,
to this baseline amount would produce a striking change in plasma
cholesterol concentrations, perhaps 60 mg/dl as shown in many ex-
periments.

Recent dietary surveys indicate that the average American intake
of dietary cholesterol is about 400 mg/day for women and 500 mg/
day for men (17). Decreasing these amounts of dietary cholesterol, as
would take place in therapeutic and preventive diets to be amplified
subsequently, would then have a profound effect on plasma choles-
terol concentrations because operationally one would be on the de-
scending limb of the curve as exemplified in Figure 3.

There has been recent discussion about the wide distribution of
individual response to change in dietary cholesterol intake (18) al-
though this finding is not new (11-13, 18-22). Further, variation in
individual plasma cholesterol response occurs with other nutrients as
well as with lipid-lowering drugs. Katan et al. (18) recently showed
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Figure 2. The effects of a 1,000 mg cholesterol diet on the content of cholesterol in the
different lipoprotein (Lp) fractions.

that 2% of their subjects had a negative or minimal response to dietary
cholesterol feeding. Sixteen percent had responses less than half of
the mean and 84% had a plasma cholesterol increase greater than half
the mean. Therefore, the majority of people could be expected to
respond significantly to a decrease in dietary cholesterol from 4o00-
500 mg/day to 100 mg/day or less. Unfortunately, studies to date do
not provide a way to predict who would have less than a 10% decrease
and who would have greater than 10% decrease in the plasma cho-
lesterol level in response to maximal dietary changes. Studies are
needed to provide a means by which one could correctly identify
individuals with regard to plasma cholesterol response to decreases
in dietary cholesterol and saturated fat intakes.

Also intriguing are the possible metabolic sequelae that could con-
tribute to this individual variation in response, such as the LDL re-
ceptor which dietary cholesterol has been shown to down-regulate
(8). Mistry et al. suggested that individual differences in plasma lipid
and lipoprotein response to dietary cholesterol appear to be related
in part to differences in the capacity of peripheral cells to catabolize
LpL and to down-regulate cholesterol synthesis (23). Recent data in-
dicate that the various apolipoprotein E alleles may be involved, with
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Figure 3. The effects upon the plasma cholesterol level of gradually increasing the
amount of dietary cholesterol in human subjects whose background diet is very low
in cholesterol content. See the text for discussion of the threshold and ceiling concepts.

the E-2 isoform causing less binding to the LDL receptor (24) and the
E-4 isoform possibly increasing vLDL catabolism independently of the
LDL receptor (25).

Fat

THE EFFECTS OF DIETARY FATS UPON THE PLASMA
LIPIDS AND LIPOPROTEINS

The amount and kind of fat in the diet have a well-documented effect
upon the plasma lipid concentrations (26,27). The total amount of
dietary fat is important in that the formation of chylomicrons in the
intstinal mucosa and their subsequent circulation in the blood is di-
rectly proportional to the amount of fat which has been consumed in
the diet. A fatty meal will result in the production of large numbers
of chylomicrons and will impart the characteristic lactescent appear-
ance to post-prandial plasma observed some three to five hours after
meal consumption. A typical American diet with 110 gm of fat would
produce 110 gm of chylomicron triglyceride per day. “Remnant” pro-
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duction from chylomicrons is proportional to the number of chylo-
microns synthesized. Chylomicron remnants are considered
atherogenic particles (28). Fat is important in cholesterol metabolism
since cholesterol is absorbed in the presence of dietary fat and is
transported in chylomicrons.

However, the most important effect of dietary fat upon the plasma
cholesterol level relates to the type of fat. Fats may be divided into
three major classes identified by saturation and unsaturation char-
acteristics. Long-chain, saturated fatty acids have no double bonds, are
not essential nutrients, and may be readily synthesized in the body
from acetate. Dietary saturated fatty acids have a profound hyper-
cholesterolemic effect, increase the concentrations of LbL and have
thrombogenic implications (26,27). All animal fats are highly saturated
(30% or more of the fat is saturated) except for those which occur in
fish and shellfish, these latter being, contrastingly, highly polyun-
saturated. The molecular basis for the effects of dietary saturated fat
on the plasma cholesterol level is now well understood and rests upon
its influence on the LDL receptor activity of liver cells, as described
by Brown and Goldstein (29). Dietary saturated fat suppresses hepatic
LDL receptor activity, decreases the removal of LpL from the blood
and thus increases the concentration of LDL cholesterol in the blood
(7). Cholesterol augments the effect of saturated fat by further sup-
pressing hepatic LDL receptor activity and raising the plasma LbL
cholesterol level (8). Conversely, a decrease in dietary cholesterol and
saturated fat increases the LDL receptor activity of the liver cells, en-
hances the hepatic pickup of LbL cholesterol and lowers the concen-
tration of LDL cholesterol in the blood (8). Metabolic studies suggest
that one can expect an average plasma cholesterol lowering of 10—
20% by maximally decreasing dietary cholesterol and saturated fat
intake.

Attention has been called to the fact that some saturated fats are
not hypercholesterolemic (see Table 3). Medium-chain triglycerides
(C8 and Cr1o saturated fatty acids) are handled metabolically more
like carbohydrate and are transported to the liver via the portal vein
blood rather than as chylomicrons. These fatty acids do not elevate
the plasma cholesterol concentration. Stearic acid, an 18-carbon sat-
urated fatty acid, likewise has a limited effect upon the plasma cho-
lesterol concentration. This is because the body resists the
accumulation of stearic acid and the liver converts excessive stearic
acid from the diet into oleic acid, a monounsaturated fatty acid, by
virtue of the action of a desaturase enzyme. Feeding animals large



FOR REFERENCE PURPOSES ONLY

42 Diet and Cardiovascular Disease

Table 3

Effects of Saturated Fatty Acids upon Plasma Cholesterol Levels

C8, C10 Medium chain Neutral
C12 Lauric Increase
Cl14, C16 Myristic, palmitic Increase
C18 Stearic Neutral

quantities of a fat such as cocoa butter containing a considerable
percentage of its total fatty acids as stearic acid (33 %) does not result
in the deposition of stearic acid in the adipose tissue as would occur
with mono- and polyunsaturated fat feeding (30). This again is be-
cause of the action of the desaturase enzyme.

The practical importance of these observations on certain saturated
fatty acids is limited because they are not present to any appreciable
extent in the diet. The equations developed for the prediction of
plasma cholesterol change have been based upon the changes pro-
duced by a given fat, including its concentration of stearic acid. Thus,
all of the information which has accumulated about the hypercholes-
terolemic and atherogenic properties of a given fat such as beef fat,
butterfat, lard, palm oil, cocoa butter and coconut oil is completely
valid. To be emphasized is the fact that palmitic acid, which is the
most common saturated fatty acid found in our food supply, is in-
tensely hypercholesterclemic. It has 16 carbons; myristic acid and
lauric acid with 14 and 12 carbons respectively are likewise intensely
hypercholesterolemic. It is these fatty acids which are present in di-
etary fats and which cause their unfortunate effects. Amounts of
stearic acid in the American diet are not great compared with palmitic
acid.

The second class of dietary fats consists of the characteristic mono-
unsaturated fatty acids present in all animal and vegetable fats. For
practical purposes, oleic acid, having one double bond at the omega-
9 position, is the only significant dietary monounsaturated fatty acid.
In general, the effects of dietary monounsaturated fatty acids have
been “neutral” in terms of their effects on the plasma cholesterol
concentrations, neither raising nor lowering them (31). However, re-
ports that Mediterranean basin populations who consume olive oil in
relatively large quantities have fewer heart attacks then people in this
country has led to further investigations. Recent studies have shown
that large amounts of monounsaturated fat, like polyunsaturated oils,
lower plasma cholesterol and LpL levels when compared with satu-
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rated fat (32,33). Furthermore, unlike polyunsaturated oils, monoun-
saturated fat did not lower the plasma HpL cholesterol level. However,
distinct from omega-3 fatty acids from fish oil, monounsaturated fat
does not decrease the plasma triglyceride concentrations (32,33). Fur-
thermore, monounsaturated fat has no known effect upon prosta-
glandin metabolism or upon platelet function. Omega-3 fatty acids
are antithrombotic; monounsaturated fat has no such action.

There are several additional points to be made in regard to these
recent studies: 1) The Mediterranean diet is also rich in fish, beans,
fruit and vegetables, and is low in saturated fat and cholesterol. These
could be the decisive factors which influence the lessened incidence
of coronary disease and lower plasma cholesterol levels. 2) Olive oil
is low in saturated fatty acids (which raise plasma cholesterol levels);
this may be why the recent metabolic experiments have shown some
cholesterol lowering from large amounts of monounsaturates in the
diet. 3) Large amounts of any kind of fat should be avoided to lower
the risk of other diseases such as colon or breast cancer and obesity.
And all fats, after absorption, form large particles (remnants) which
circulate in the blood and are atherogenic. One translation of the latest
research on monounsaturated fats is to recommend that patients in-
clude them as part of a general lower-fat eating style ~ use olive oil
in salad dressing and Italian dishes. Use peanut oil for special stir-
fried dishes. Avocado is delicious but high in fat, so use as a garnish
only.

Polyunsaturated fatty acids, the third class of fatty acids, are vital
constituents of cellular membranes and serve as prostaglandin pre-
cursors (34). Because they cannot be synthesized by the body and are
only obtainable from dietary sources, they are “essential” fatty acids.
The two classes of polyunsaturated fatty acids are the omega-6 and
omega-3 fatty acids (Figure 4). The most common examples of omega-
6 fatty acids are linoleic acid, found in food, and arachidonic acid, 20
carbons in length with four double bonds, usually synthesized in the
body from linoleic acid by the liver. Since the basic structure of omega-
6 fatty acids cannot be synthesized by the body, up to 2-3% of total
energy in the diet must be supplied as linoleic acid to meet the re-
quirements of the body for the omega-6 structure, i.e. an essential
fatty acid.

Omega-3 fatty acids differ in the position of the first double bond
counting from the methyl end of the molecule, this double bond being
at the number 3 carbon. Omega-3 fatty acids are also an essential
nutrient for human beings since the body is unable to synthesize this
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FATTY ACID NOMENCLATURE  DIETARY SOURCES

FAMILY FATTY ACID STRUCTURE

RCOOH
w3 Eicosapentaenocic H3C/\{\/ Marine Qils, Fish

Acid (€20:5 w3)

6 ’
H
w6 Linoleic Acid  H,C A\A/RC00

Vegetable Oils
(C18:2 w6)

w9 Oleic Acid ,.,3(_;/\/\/\/\9{\/RcooH

{C18:1w9) Vegetable Oils;

Animal Fats

Figure 4. Fatty acids can be organized into families according to the position of the
first double bond from the terminal methyl group. Typical fatty acids from three com-
mon families are shown in this figure. Omega-3 fatty acids all have three carbons
between the methyl end and the first double bond. Besides eicosapentaenoic acid
(C20:5), other common omega-3 fatty acids are linolenic acid (C18:3) and docosahex-
aenoic acid (C22:6). Linoleic acid (C18:2) and arachidonic acid (C20:4) are the most
important omega-6 fatty acids, while oleic acid (C18:1) is the commonest fatty acid in
the omega-g family.

particular structure. Omega-6 and omega-3 fatty acids are not inter-
convertible. The dietary sources of omega-3 fatty acids are from plant
foods — some, but not all, vegetable oils, and leafy vegetables (which
are especially rich in omega-3 fatty acids) and, in particular, fish and
shellfish. Linolenic acid, C18:3, is obtained from vegetable products.
Eicosapentaenoic acid, C20:5, and docosahexaenoic acid, C22:5, are
derived from fish, shellfish and phytoplankton (the plants of the
ocean) and are highly concentrated in fish oils. Once either the omega-
3 or omega-6 structure comes into the body as the 18 carbon linoleic
or linolenic acid, the body can synthesize the longer chain and more
highly polyunsaturated omega-6 or omega-3 fatty acids (20 and 22
carbons).

There are distinctly different functions in the body for omega-3 and
omega-6 fatty acids. Both serve as substrate for the formation of dif-
ferent prostaglandins (34) and are rich in phospholipid membranes.
Both omega-3 and omega-6 fatty acids are particularly concentrated
in nervous tissue. Omega-3 fatty acids are rich in the retina, sper-
matozoa, the gonads, and many other organs. Omega-6 fatty acids
are concentrated in the different plasma lipid classes (cholesterol es-
ters, phospholipids, etc.) and, in addition, are concerned with lipid
transport.
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Table 4
Cardiovascular Effects of Omega-3 Fatty Acids

1 Hypolipidemic: decrease plasma lipids-lipoproteins, cholesterol, triglycerides,
LoL, vLpL, chylomicrons and remnants.

2 Anti-thrombotic and vasodilatory: decrease platelet stickiness;
increase bleeding time.

3 Lower blood pressure.

Polyunsaturated fatty acids in large amounts, of either the omega-
6 or omega-3 structure, depress plasma total and LpL cholesterol con-
centrations (22,31). Omega-3 fatty acids have a second additional ac-
tion in lowering plasma triglyceride concentrations and, in particular,
vLDL, chylomicrons and remnants (35,36).

Already stressed is the wealth of evidence from experimental ani-
mals about the important and sine qua non necessity of dietary cho-
lesterol and fat being present in the nutrition of animals to produce
atherosclerosis. Several important studies in regard to fish oil con-
taining omega-3 fatty acids have indicated much less atherosclerosis
developing when fish oil was present in the diet. The species studied
to date have been pigs (37) and rhesus monkeys (38). Both coronary
and aortic atherosclerosis have been greatly reduced by fish oil. This
reduction in experimental atherosclerosis from omega-3 fatty acids is
not necessarily explainable by changes in the plasma lipid-lipoprotein
concentration. Since these were lowered only partially or not at all
during the experimental atherosclerosis period, other mechanisms,
possibly involving prostaglandins, must be postulated to explain the
anti-atherogenic effects of fish oil. Table 4 lists possible effects of
omega-3 fatty acids from fish oil upon coronary heart disease.

It is not known exactly how the evidence about omega-3 fatty acids
should translate in eating behaviour. However, one study from the
Netherlands showed that men who included fish in their diet twice
a week had fewer deaths from heart disease (39). Even very low-fat
seafood contains an appreciable amount of omega-3 fatty acids. Eating
a total of 12 oz. of a variety of fish and shellfish each week would
provide 1000 to 5000 mg of omega-3 fatty acids as well as protein,
vitamins and minerals. The patient with hyperlipidemia could be
expected to have only beneficial effects from following this dietary
advice, especially if the fish replaced meat in the diet.

Most of the comparisons of the effects of saturated and polyun-
saturated fat upon the plasma lipids have indicated that gram for
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gram, saturated fat is up to two times greater at raising plasma cho-
lesterol than is polyunsaturated fat in depressing it (40,41). Regression
equations have been calculated to indicate the plasma cholesterol
changes from dietary manipulations of saturated fat, polyunsaturated
fat and cholesterol. These will be discussed later in the development
of the cholesterol-saturated fat index of foods.

Many, but not all, of the currently marketed vegetable oils, short-
enings, and margarines are only partially hydrogenated and thus
retain the basic unsaturated characteristics of vegetable oils. Coconut
oil, cocoa butter (the fat of chocolate) and palm oil are common “sat-
urated” vegatable fats consumed in quantities; they have a hyper-
cholesterolemic effect. The ratio of polyunsaturated to saturated fatty
acids in a given fat or oil is termed the P/S value. Fats with a high
P/S value of 2 and above, compared to 0.4 and less, are generally
recognized as being hypocholesterolemic. The typical Western diet
has a P/S value of 0.4. In the suggested low-fat, high-carbohydrate
diet to prevent coronary disease, the P/S value is above 1.0.

DIETARY FAT AND THROMBOSIS

Table 5 lists possible dietary effects on thrombosis and platelet
aggregation. These effects are based upon both experimental and
epidemiological evidence. As may be appreciated, firm documenta-
tion in this arena may not always be possible and no clinical trials
have been conducted to support the suggested relationships. How-
ever, both in vitro and in vivo, saturated fatty acids of a chain length
C12 and above appear to be thrombogenic, activating the coagulation
cascade and aggregating platelets (42—45). Any circumstance which
elevates the levels of free fatty acids in the plasma such as starvation,
diabetic acidosis, myocardial infarction, or certain hormonal stimu-
lation must be considered as having a thrombotic effect as well (46—
50). For example, in starvation, free fatty acids are released into the
plasma from adipose tissue triglyceride. The mechanism of this effect
may occur from a level of free fatty acids exceeding the two tight
binding sites on the albumin molecule, the usual transport form of
free fatty acids (51). This, then, allows the free fatty acids to interact
with various coagulation proteins and with platelets.

Polyunsaturated fat, in general, has an antithrombotic effect. This
effect is best documented by dietary studies in human beings (34) and
by the epidemiological evidence in the Greenland Eskimos who have
a low incidence of thrombotic disease (52). They consume fish and
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Table 5
Dietary Factors Affecting Thrombosis and Platelet Function

1 Thrombotic factors
Saturated fatty acids
Free fatty acids
2 Anti-thrombotic factors
Low-fat, high CHO diet
Polyunsaturated fat
omega-6 fatty acids (linoleic) from vegetable oils
omega-3 fatty acids (eicosapentaenoic) from fish oil

seal, both rich in the omega-3 fatty acids, eicosapentaenoic and do-
cosahexaenoic fatty acids (53). The feeding of fish and fish oil to
humans or their presence in a natural diet not only has a hypolipi-
demic effect but also increases the bleeding time and reduces platelet
aggregation (54,55). On the other hand, the ingestion of a low-fat diet
high in carboydrate and fibre is associated with a low incidence of
thrombosis in certain population groups, such as the Ugandans (56—
58). These populations ingest a low-fat diet and consume most of their
fat in the form of polyunsaturated fatty acids with a very low intake
of saturated fat.

Accordingly, an antithrombotic diet for human beings would be
low in total fat and saturated fat and might contain fish. It should
also be a high-carbohydrate, high-fibre diet. High circulating levels
of the plasma-free fatty acids should also be avoided. This is partic-
ularly important in obese patients with vascular disease who are given
low calorie diets. Such diets should avoid ketosis, which would be
an indication that plasma-free fatty acid concentrations are greatly
increased. They should contain sufficient calories in general, about
700—1000 kcalories day, in which the chief sources of calories would
be carbohydrate and protein.

Carbohydrate

If the total fat content of an anti-coronary diet is reduced from the
current American intake of 40% to 20% of the total calories and if
protein is to be kept constant, the difference in caloric intake between
a high-fat diet and a low-fat diet must be made up by increasing the
carbohydrate content of the diet. As already indicated, both the ep-
idemiological evidence and experimental studies buttress this basic
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concept, since populations ingesting a high-carbohydrate diet, usually
from complex carbohydrates, have alow incidence of coronary disease
and other thrombotic conditions.

Over 25 years ago it was demonstrated that a sudden increase in
the amount of dietary carbohydrate in Americans accustomed to a
high-fat diet would increase the plasma triglyceride concentration
rather dramatically (59). However, after many weeks, adaptation oc-
curs, and the hypertriglyceridemia regresses (60,61). We regard this
situation as metabolically normal, since it is a universal occurrence in
Americans given a high-carbohydrate diet. It is analogous to the hy-
perglycemia which results in individuals who have previously been
consuming a reduced number of calories or a low-carbohydrate diet
and are given a glucose load. In order to obtain a valid glucose tol-
erance curve, an individual must eat a diet reasonably high in car-
bohydrate for at least three days before the test.

High-carbohydrate diets have been used in diabetic patients over
a long period of time without impairment of glucose tolerance and
without the occurrence of hypertriglyceridemia (60). Since any lasting
dietary change is adopted gradually, as will be emphasized in the
behavioural modification approach taken to educate patients about
dietary change, it is highly unlikely that any patient with coronary
disease asked to follow the low-cholesterol, low-fat, high-carbohy-
drate diet would develop hypertriglyceridemia. There would be ample
time for adaptation as he passed through the three or more phases
of this dietary approach.

We recently increased the dietary carbohydrate intake gradually
from 45% kcal to 65% kcal over a 28-day period in seven mildly
hypertriglyceridemic subjects. There was a significant lowering of
the mean plasma cholesterol level from 226 to 190 mg/dl, —16%
(p < 0.001), whereas the mean plasma triglyceride level remained con-
stant, 217 mg/dl to 222 mg/dl (62).

Studies in rats have indicated that sucrose and fructose have a
hypertriglyceridemic effect in contrast to starch or glucose (63). The
evidence in human beings that even very large amounts of sucrose
{over 50% of the total calories) produce hyperlipidemia is not com-
pletely convincing. However, even if large quantities of sucrose have
a mild hypertriglyceridemic and perhaps also a hypercholesterolemic
effect, this does not bear particularly upon the dietary design of the
anti-coronary diet as envisioned. In the low-fat, high-carbohydrate
diet the vast majority of the carbohydrate is in the form of cereals
and legumes, not sucrose. Americans commonly consume about 20%
of the total calories as sucrose or about half of their carbohydrate
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intake. In the dietary changes being suggested, sucrose would fall to
10-15% of the total calories, and so any effect from sucrose would be
diminished rather than accentuated by the dietary change.

Fibre

Dietary fibre is a broad nondescript term which includes several car-
bohydrates thought to be indigestible by the human gut. These in-
clude cellulose, hemicelluloses, lignin, pectin and beta glucans.
Dietary fibre is only found in plants and is commonly present in
unprocessed cereals, legumes, vegetables and fruits. In ruminant an-
imals, dietary fibre is completely digested by the microbial flora of
the rumen, so that fibre provides a major source of energy for these
animals. In man, however, dietary fibre contributes little to the caloric
content of the diet, promotes satiety through its bulk, and affects
colonic function greatly. A high-fibre diet produces larger stools and
a more rapid intestinal transit, factors which may prevent certain
diseases of the colon (i.e. diverticulitis, colon cancer). A high-fibre
diet increases the emptying time of the stomach, thereby promoting
slower absorption of nutrients, especially glucose.

Fibre experiments date back at least 30 years (64,65). Fibre added
to semisynthetic diets fed to rats has usually had a plasma cholesterol
lowering effect. In humans, fibre fed predominantly in the insoluble
form was not hypocholesterolemic (66). A study in which large
amounts of soluble fibre (17 gms/2000 kcal) from oat bran and beans
were fed to people produced a 20% lowering of the plasma total and
LDL cholesterol levels (67). Other studies have produced similar results
(68,69). Rich sources of soluble fibre include fruits, pectin being a
soluble fibre, oats and other cereals, legumes and vegetables. One
way soluble fibre acts is to bind bile acids in the gut, prevent their
reabsorption and thus lower cholesterol levels much like the bile acid-
binding resins like cholestyramine.

A high-fibre diet is integral to the dietary concepts for the treatment
of hyperlipidemia. The consumption of more foods from vegetable
sources will automatically mean a higher consumption of both total
and soluble fibre.

Protein
The dietary treatment of hyperlipidemia involves, in general, a shift

from the consumption of protein derived from animal sources, such
as meat and dairy products, to the consumption of more protein from
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plants. The nutritional adequacy of such protein shifts is assured,
because mixtures of vegetable proteins, plus the provision of ample
low-fat animal protein sources, provide abundantly for essential
amino acid requirements. Ranges of protein intake from 25 to 150
grams have been tested over the years for effects upon blood lipids
and have been found to have no effect within amounts commonly
consumed by Americans. However, experiments in animals have sug-
gested that an animal protein such as casein (from milk) is definitely
hypercholesterolemic and that a vegetable protein such as soy protein
has the opposite effect. There have been few definitive experiments
in humans to test the hypocholesterolemic effect of vegetable proteins
vis a vis animal proteins. As might be expected, it is difficult to control
all the variables, including the cholesterol and fat content. However,
there are suggestions that the consumption of vegetable protein may
have some hypocholesterolemic action. Thus, it may be postulated
that a shift in protein intake to include more vegetable protein carries
no harm and may confer some benefit to the hyperlipidemic individ-
ual.

Calories

Excessive caloric intake and adiposity can contribute also to both
hypertriglyceridemia and hypercholesterolemia by stimulating the
liver to overproduce vLDL. The plasma triglyceride and viLDL concen-
trations of hypertriglyceridemic patients greatly improve after weight
reduction and are increased by the hypercaloric state (70-72). There
is little direct evidence, however, that the LDL receptor and plasma
cholesterol and LDL concentrations are directly affected by caloric ex-
cess. Nonetheless, it is known that obese individuals have a total
body cholesterol production which is higher than in individuals of
normal weight. Weight reduction and fasting, which involve a de-
crease in the consumption of cholesterol and saturated fat from the
diet, could certainly upregulate the LDL receptor and could be ex-
pected to improve LDL levels in patients with familial hypercholes-
terolemia. It is, therefore, reasonable to advise caloric control and the
avoidance of obesity in the dietary management of hyperlipidemia.
The role of increased physical activity is most important in weight
control.

Alcohol

Results from large population studies have shown that people who
report consuming alcohol have a lower incidence of coronary heart
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disease than people who do not drink (73,74). These studies, while
indicating trends in large populations, need to be reinforced by the
much stronger evidence provided by controlled experiments in which
other factors that influence the plasma HDL cholesterol level such as
body weight, smoking, exercise habits and diet are accounted for.
Many such studies testing the effect of alcohol consumption on HDL
cholesterol levels have been conducted. These studies have shown
significant increases in HPL cholesterol after alcohol consumption
ranging from an equivalent of two beers to seven beers per day over
three to six weeks compared to a similar abstention period. The type
of alcohol given (beer, wine, spirits) did not appear to influence re-
sults. Alcohol appears to increase the HDL; component of HpDL which
is less related to protection against coronary heart disease (75). It is
HDL,, affected by exercise but not alcohol, which is more protective
(76). Because of these results, and since the increased levels of HDL
have been linked to lower rates of atherosclerosis, some drinkers have
been tempted to drink more, claiming that alcohol is “good for the
heart.” Should alcohol consumption be encouraged to protect against
coronary heart disease?

Specific recommendations are not easy to make, because the effects
of alcohol consumption are complex, affecting other components of
the plasma in addition to HDL cholesterol. Most of the metabolic stud-
ies have involved people with plasma cholesterol values below 190
mg/dl, and these results may not translate directly to patients with
hyperlipidemia. The effects of alcohol on the levels of HDL; (linked
to reduced coronary disease) and HDL3 (no relationship to coronary
disease) are controversial. Alcohol is packed with calories. There are
about 290 kcalories in two 12-ounce beers or two 6-ounce glasses of
wine. On the average, up to 8% of calories consumed by adult Amer-
icans come from alcohol. This may be one of the reasons why so many
people who drink heavily are overweight and have alcohol-related
problems. Theoretically, the amount of alcohol it would take to in-
crease a person’s HDL cholesterol from below 30 to above 40 mg/dl is
five to six drinks per day. Other consequences of alcohol consumption
— admittedly when excessive — include cirrhosis of the liver, certain
cancers, gastritis, mental deterioration, neuropathies and, of course,
the personal and social ravages of chronic alcoholism.

We do not think that alcohol should be part of a daily diet, rather
— for those who enjoy an occasional drink — we suggest a limit of one
to two drinks on any given day and up to four to five drinks per
week. The inclusion of alcohol in the diet to increase HpL cholesterol
levels is not recommended.
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Lecithin

This phospholipid derived from soybeans is commonly sold in health
food stores and is widely publicized as a popular remedy for hyper-
cholesterolemia. Aside from its high content of linoleic acid, the con-
sumption of lecithin has little or no effect upon lipid metabolism.
Contrary to popular belief, lecithin is not absorbed as such from the
digestive tract but is hydrolyzed into its constituent fatty acids and
choline. Choline is a lipotrophic substance which was tested in the
treatment of hypercholesterolemia 30 years ago and found to be of
no value (77). The plasma phospholipid levels have not been affected
by the addition of lecithin to the diet; the circulating plasma phos-
pholipids are largely synthesized by the liver. Parenthetically, high
levels of plasma phospholipids are found in patients with familial
hypercholesterolemia.

Minerals and Vitamins

Under the assumption that the minimum daily requirements have
been met in the diet, there is no information to indicate that additional
vitamins and minerals above and beyond the content of a nutritionally
adequate diet will have any effect upon the plasma lipid concentra-
tions. This comment applies equally to vitamin C (78) and vitamin E
(79), both enthusiastically consumed by the public without there being
any proof of benefit. On the contrary, massive doses of vitamin A
may produce liver damage (80). The sole exception is niacin, a B-
vitamin used in massive doses for the treatment of hyperlipidemia.

Design of a Dietary Approach for Treating and Preventing
Coronary Heart Disease

In view of the evidence about dietary factors, hyperlipidemia, throm-
bosis and coronary heart disease, it should now be possible to indicate
the features of an appropriate and effective preventive diet against
coronary heart disease in patients with hyperlipidemia and for the
public at large. In general terms, such a diet, from what has already
been indicated in this chapter, should be hypolipidemic and anti-
thrombotic. It should be nutritionally adequate and meet the neces-
sary nutritional requirements during childhood and adult life. This
feature is essential because the dietary approach is less likely to suc-
ceed unless it is familial. Coronary heart disease occurs in families.



FOR REFERENCE PURPOSES ONLY

Prevention and Treatment by Nutritional Change 53

Many in the family who have not yet developed overt symptoma-
tology of coronary heart disease are undoubtedly at risk for subse-
quent coronary heart disease. Another criterion of the dietary
approach is that it should be no more costly than the current Western
diet. Finally, its use should be facilitated and supported by recipes
and menu plans to make it possible for interested patients and their
families to incorporate the proposed dietary changes into their lifestyle
after a suitable educational and training period. The dietary approach
presented here, i.e. the low-fat, high-carbohydrate diet, is intended
to produce a maximal lowering of plasma total and LDL cholesterol
concentrations, to reduce excess body weight when this is present,
and to respond to all of the evidence concerning antithrombotic di-
etary factors. This diet can be used to treat the many different types
of hyperlipidemia. No longer is it necessary to have a different diet
for each phenotype of hyperlipidemia. The same diet with slight mod-
ification can be used for any type of hyperlipidemia. This single diet
concept has been delineated in detail elsewhere (81, 82).

THE CHOLESTEROL-SATURATED FAT INDEX (CSI) OF FOODS (83)

The major plasma cholesterol elevating effects of a given food reside
in its cholesterol and saturated fat content. To help understand the
contribution of these two factors in a single food item and to compare
one food with another, we have computed a cholesterol-saturated fat
index (csi) for selected foods (Figure 5 and Table 6). This index was
based on a modification of the regression equation used earlier to
calculate the cholesterol index of foods (84). Since the objective of the
low-fat, high-carbohydrate diet is to maintain, but not to increase,
the current intake of polyunsaturated fat, we chose not to include the
polyunsaturated fat component of the equation in assessing an in-
dividual food item. The cholesterol index of foods was thus modified
and is called the cholesterol-saturated fat index (cs1): cs1 = (1.01 X
gm saturated fat) + (0.05 x mg cholesterol), where the amounts of
saturated fat and cholesterol in a given amount of a food item are
entered into this equation.

In this context it is particularly instructive to compare the cs1 of
fish versus moderately fat beef. A 100 gm portion of cooked fish
contains 66 mg of cholesterol and 0.20 gm of saturated fat. This con-
trasts to a 96 mg cholesterol content and 8.1 gm of saturated fat of
20% fat beef. The csI for 100 gm (3.5 0z) fish is 4, while that of beef
is 13. The caloric value of these two portions also differs greatly (91
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CHOLESTEROL-SATURATED FAT INDEX
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Figure 5. The cholesterol-saturated fat index (cs1) of 3¢% oz. of fish, poultry, shellfish,
meat, cheese, egg yolk, and liver. The cs1 for poultry is the average cs1 for cooked
light and dark chicken without skin. The csi for shellfish is the average cs1 of cooked
crab, lobster, shrimp, clams, oysters and scallops. The cs1 for cheese is the average
cs1 of cheddar, Swiss and processed cheese.

for fish and 286 for beef). The cs1 of cooked chicken and turkey
(without the skin) is also preferable to beef and other red meats.
Again, the total fat content is quite a bit lower and the saturated fat
per 100 gm is 1.3, with the cholesterol 87 mg. The cs1 of poultry is
6. Table 6 lists the cs1 for various foods.

Shellfish have low csis because their saturated fat content is ex-
tremely low, despite the fact that their cholesterol or total sterol con-
tentis 2.5 to 3 times higher than fish, poultry or red meat. This means
that, when considering both cholesterol and saturated fat, shellfish
have a cs1 of 6, very much like poultry, and are a better choice than
even the leanest red meats. Salmon also has a low cs1 and is preferred
to meat.

THE LOW-FAT, HIGH-CARBOHYDRATE DIET

The relationship between nutrients and coronary heart disease pre-
sents both responsibility and opportunity. The challenge is to define
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Table 6
The Cholesterol-Saturated Fat Index (cs1) and Kilocalorie Content of Selected Foods

csI kealories
Fish, Poultry, Red Meat (3% ounces or 100 grams cooked}
Whitefish-snapper, perch, sole, cod, halibut, etc. 4 91
Salmon 5 149
Shellfish (shrimp, crab, lobster) 6 104
Poultry, no skin 6 171
Beef, Pork and Lamb:
10 per cent fat (ground sirloin, flank steak) 9 214
15 per cent fat (ground round) 10 258
20 per cent fat (ground chuck, pot roasts) 13 286
30 per cent fat (ground beef, pork, and lamb, steaks, ribs,
pork and lamb chops, roasts) 18 381
Cheeses (3%2 ounces or 100 grams)
Low-fat cottage cheese, tofu (bean curd), pot cheese, 1 98
Cottage cheese, Lite-Line, Lite'n Lively, part-skim ricotta,
reduced calorie Laughing Cow 6 139
Imitation Mozzarella, Cheezola, Min Chol (Swedish low fat),
Hickory Farm Lyte, Saffola American® 6 317
Olympia Low Fat, Green River, Keil Kase (lower fat
Cheddars), part-skim mozzarella, Neufchatel
(lower fat cream cheese), Skim American, 12 256
Cheddar, roquefort, Swiss, brie, jack, American, cream cheese,
Velveeta, cheese spreads (jars), and most other cheeses 26 386
Eggs
Whites (three) 0 51
Egg Substitute (equivalent to two eggs) 1 9
Whole (two) 29 163
Fats (Y cup or 4 tablespoons)
Peanut Butter 6 380
Mayonnaise 8 404
Most vegetable oils 6 491
Soft vegetable margarines 8 420
Soft shortenings 13 464
Bacon grease 20 464
Butter 36 409
Coconut oil, paln oil 38 491
Frozen Desserts (1 cup)
Water ices 0 245
Sherbet or frozen yogurt 2 290
Ice milk 6 214
Ice cream, 10% fat 13 272
Rich ice cream, 16% fat 18 349
Specialty ice cream, 22% fat 34 768

*Cheeses made with skim milk and vegetable oils.
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Table 6, Cont.

csI kcalories

Milk Products (1 cup)

Skim milk (0.1% fat), or skim milk yogurt <1 88
1% milk, buttermilk 2 115
2% milk or plain lowfat yogurt 5 144
Whole milk (3.5% fat) or whole milk yogurt 10 159
Liquid non-dairy creamers: Mocha Mix, Poly Rich 7 376
Liquid non-dairy creamers: store brands, Cereal Blend,

Coffee Rich 22 344
Sour cream 39 468
Imitation sour cream (IM0) 43 499

dietary objectives in specific and very practical terms relating to shop-
ping, food preparation and eating (84). One of the first low-choles-
terol, low-fat cookbooks was produced by Dobbin et al. in 1957 (86).
Our own such diet plan and cookbook is called The New American Diet
(85). The first objective of all low-fat diets must be to reduce cholesterol
consumption from 500 to less than 100 mg per day. This requires
keeping egg yolk consumption to a minimum since 45% of dietary
cholesterol comes from egg yolk, with approximately half from visible
eggs and half from eggs incorporated into foods (Figure 6) (86). Meat
and poultry and fish are limited as well as the use of lower-fat dairy
products.

The second objective is to reduce fat intake by one-half, from 40 to
20% of calories. This can be done by avoiding fried foods, reducing
the fat used in baked goods by one-third and using low-fat dairy
products. Added fat should be limited to three teaspoons per day for
women and children and five teaspoons per day for teenagers and
men. Peanut butter should be used as part of a meal and not as a
snack, and nuts used sparingly as condiments.

Another objective is to decrease the current saturated fat intake by
two-thirds, from 14 to 5-6% of calories. This requires eating red meat
or cheese no more than twice a week, using lower-fat cheeses (20%
fat or less), avoiding products containing coconut and palm oil, lim-
iting ice cream and chocolate to once a month and using soft mar-
garines and oils sparingly.

When people are advised to decrease the amount of fat in their
diets, they usually think only of visible fat and are surprised to learn
that fat added at the table represents only 22% of their fat intake
(Figure 7) (87). Decreasing dietary fat would be very difficult without
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Sources of Cholesterol

Figure 6. The sources of dietary cho-
lesterol for people in the United
States. Forty-five percent of the di-
etary cholesterol is derived from egg
yolk, with half of that being from vis-
ible eggs (1-2 eggs per week) and
half from eggs used in food prepa-
ration (the broken line in the egg yolk
segment). Twenty-eight percent of
the cholesterol is from red meats,
poultry (4%), and fish (2%). Twenty
percent is from dairy products: 8%
from milk, 5% from cheese, 4% from
butter, and 2% from ice cream.

Sources of Fat

Fruit, Veg.,
Grain, Beans ™

Figure 7. The sources of dietary fat
for people in the United States.
Thirty percent of the dietary fat is
derived from red meats (30%),
poultry (5%), eggs (3%), and fish
(1%), as per the broken lines dividing
that segment of the circle. Eleven
percent is from dairy products.
Forty-three percent is directly from
fats and oils, 21.5% being from vis-
ible fat (spreads and dressings) and
21.5% from fat used in cooking and
baking. Six percent is from fruits,
vegetables, grains, and beans, and

1% is from miscellaneous sources.

knowing that 78% is invisible, with the majority coming from red
meat, cheese, ice cream and other dairy products, and fat used in
food preparation.

If dietary fat is reduced from 40 to 20% of calories and protein kept
constant at 15% of calories to maintain weight, carbohydrate intake
must be increased from 45 to 65% of total calories. What this means
practically is that at least two complex carbohydrate-containing foods
should be eaten at each meal. For example, eating toast and cereal for
breakfast, a sandwich (two slices of bread) or bean soup and low-fat
crackers at lunch, and 1-2 cups of rice, pasta, potatoes, corn, etc. with
bread at dinner, in addition to selecting complex carbohydrate snacks
such as popcorn or low-fat crackers and low-fat cookies. This is a
significant change, as most Americans currently limit carbohydrate
foods to no more than one per meal. To reach the increased carbo-
hydrate objective, the patient must also eat two to four cups of leg-
umes per week and two to four cups of vegetables per day. While
research supports the value of a high-carbohydrate diet, many people
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are reluctant to adopt it because “starchy” foods are falsely associated
with gaining weight and are viewed as the food of the poor. Another
objective is to eat three to five pieces of fruit per day with a concom-
itant decrease in refined sugar intake from 20% of calories to 10%.
This means that sweets (pop or candy or desserts) must be limited to
no more than one serving per day.

THE PHASES OF THE LOW-FAT, HIGH-CARBOHYDRATE DIET

Even well-motivated patients do not make abrupt changes in their
dietary habits that are maintained over time. It will take many months
and even years to make permanent changes in food consumption
patterns. Therefore, we suggest that the recommended changes be
approached in a gradual manner, with each phase introducing more
changes toward the low-fat, high-carbohydrate diet pattern (82,85,89).
The manner in which patients are guided through these phases
can be individualized. An example of three phases is summarized in
Table 7.

Phase 1

The aim of Phase I is to decrease the consumption of foods high in
cholesterol and saturated fat (Table 6). This can be accomplished by
deleting egg yolk, butterfat, lard, and organ meats from the diet and
by using substitute products when possible: soft margarine for butter,
vegetable oils and shortening for lard, skim milk for whole milk, and
egg whites for whole eggs. Many alternative foods can replace foods
that contain large amounts of cholesterol and saturated fat. Increasing
numbers of new products low in cholesterol and saturated fat are
now marketed: low-fat cheeses, egg substitutes, soy meats, and fro-
zen yogurt are a few examples.

Many recipes currently in use can easily be altered. For example,
most recipes, including baked items, can be made without egg yolks.
Usually 172 to 2 egg withes can be used successfully in place of one
whole egg in making cakes, cookies, custards, potato salad and many
other products without changing their quality.

Phase 11

The goal of Phase II is a reduction of meat and cheese consumption
with a gradual transition from the Western ideal of up to a pound of
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Summary of the Three Phases of the Low-Fat, High-Carbohydrate Diet

Phase I:
Substitutions

Phase II:
New recipes

Phase Ili:
A new way of
eating

This is accomplished by:
avoiding egg yolks, butterfat,
lard and organ meats (liver,
heart, brains, kidney,
gizzards);

substituting soft margarine for
butter;

substituting vegetable oils and
shortening for lard;
substituting skim milk and
skim milk products for whole
milk and whole milk products;
substituting egg whites for
whole eggs;

This step involves:

reducing amounts of meat and
cheese eaten and replacing
them with chicken and fish;
eating meat, chicken or fish
only once a day;

cutting down on fat; as
spreads, in salads, cooking and
baking;

The final phase means:
eating meat, cheese, poultry
and fish as “condiments” to
other foods, rather than as
main courses;

eating more beans and grain
products as protein sources;
using no more than 3-5
teaspoons of fat per day as
spreads, salad dressings, or in
cooking and baking

trimming fat off meat and skin
from chicken

choosing commercial food
products lower in cholesterol
and fat (low-fat cheeses, egg
substitutes, soy meat
substitutes, frozen yogurt, etc.)
modifying favorite recipes by
using less fat or sugar and
vegetable oils instead of butter
or lard;

eating more grains, beans, fruit
and vegetables;

when eating out, make low-fat,
low-cholesterol choices;

finding new recipes to replace
those which cannot be altered

drinking 4-6 glasses of water
per day;

keeping extra meat, shellfish,
regular cheese, chocolate,
candy, coconut, and richer
home-baked or commercially
prepared food for special
occasions (once a month or less
enjoying a wide variety of new
food and repertoire of totally
new and savory recipes

meat a day to no more than 6-8 ounces per day (Table 7). The use
of lean, well-trimmed meat will help to decrease greatly the amount
of saturated fat. Fatter meats such as lunch meats, bacon, sausage,
wieners, spareribs and others should be saved for very special oc-
casions. Meat or cheese should be used no more than once a day. One
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significant point is the change in the composition of the traditional
sandwich. Meat and cheese are not necessarily essential parts of a
sandwich, nor is a sandwich always necessary for lunch. In addition,
less fat and cheese should be used. Broiling, baking, steaming or
braising should be the methods of cooking instead of frying. Fewer
foods should be used which contain a lot of fat. Only cheeses with
part or all skim milk (20% fat or less) should be selected for daily
cooking. Cheeses made from whole milk should be used sparingly,
one ounce of cheese being substituted for three ounces of lean meat.

At this point, new recipes will be needed to replace the recipes
which cannot be altered to meet these new requirements. Recipes
centred about meat or high-fat dairy products (cream cheese, butter,
sour cream, cheese) can be replaced with recipes that use larger
amounts of grains, legumes, vegetables and fruits. Furthermore, be-
cause of the world-wide concern for the conservation of natural re-
sources and the use of economical foods as well as the current interest
in gourmet cooking and exotic foods, a large number of new recipes
can be found in current cookbooks, magazines and newspapers. Many
of these stress the use of non-animal food products.

Many other cultures have developed delicious meals which are low
in cholesterol and in fat. A wide variety of spices and different prod-
ucts and foods from the cuisines of other countries can be used.
Oriental dishes emphasize fresh vegetables and rice products; Mex-
ican dishes make use of tortillas, peppers and beans. The Mediter-
ranean countries (Greece, Italy and Spain) incorporate pastas and
vegetable sauces. The cuisine of the Middle Eastern countries employs
a variety of wheat products and legume dishes.

Phase 111

In Phase III the final goals of the low-fat, high-carbohydrate diet are
attained. The cholesterol content of the diet is reduced to 100 mg per
day and the saturated fat lowered to 5 or 6% of the total calories.
These changes mean that consumption of meat and cheese, in par-
ticular, must be reduced. For most patients this will present a con-
siderable challenge. We take an historical approach to the
consumption of meat. Man has always eaten meat. What he has not
done is to eat meat every day, let alone several times a day. Even
today, daily meat consumption is only possible for the affluent mi-
nority of the world’s population. It is not to our advantage, from the
standpoints of either health or the wise use of resources, to consume
large amounts of meat every day.
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We propose, therefore, in Phase III, that meat, fish and poultry be
used as “condiments” rather than “aliments.” With this philosophy,
no longer will the meat dish occupy the centre of the table. Instead,
meat in smaller quantities will spice up vegetable-rice-cereal-legume
based dishes, much as in Oriental, Indian and Mediterranean cookery.
The use of low-fat, low-cholesterol cheeses is also an important com-
ponent of Phase III.

The total of meat, shellfish (shrimp, crab, lobster) and poultry
should average three to four ounces per day. Poultry and especially
fish should be stressed instead of meat because of their lower satu-
rated fat content. In lieu of meat or poultry, fish and molluscs (clams,
oysters, scallops) may be included in the diet in amounts up to six
ounces per day because of the omega-3 fatty acids.

By this time, new recipes will be emphasizing whole grains and
legumes. In Phase II of the low-fat, high-carbohydrate diet, lunch,
the smaller meal of the day, was changed by using beans, grains and
low-fat animal products in place of meat. In Phase III the larger meal
of the day becomes very different. A large variety of new flavours
and spices will be introduced. An example of entrées for dinner over
a week include lean beef or pork for 1-2 days, poultry for 2-3 days,
fish for 2-3 days, and meatless for 1—2 days. During Phase III, the
transition from the current Western diet to the low-fat, high-carbo-
hydrate diet will have been completed (Table 7). Sample menus for
one week are provided in Table 8.

Special Occasions: Eating away from Home, and Entertainment

Many restaurants serve a variety of the foods recommended in Phase
IIT of the low-fat, high-carbohydrate diet. Oriental, Italian, Mexican
and Middle Eastern restaurants all have tasty foods to choose from.
In the inevitable situation where the food choices are minimal, such
as at parties or when eating in friends” homes, one can concentrate
upon the salad, vegetable, fruit and cereal foods and take small
amounts of the animal foods to be used as condiments. Guests en-
tertained at home can be introduced to a new way of eating which
they will discover to be attractive, tasty and healthful. Obviously,
meeting the goals for Phase III is very difficult when eating out of
the home. Therefore, one needs to eat meals at home which are as
low-fat as possible to meet the goals. Then, by being selective about
the frequency of eating out and by making choices, one can afford to
have special occasions or feasts which include extra meat, cheese,
chocolate and coconut.
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Cantaloupe Orange Juice Plain low-fat Berries Grapefuit half Blueberries Fresh melon
Raisin Bran cereal Whole Wheat yogurt with Shredded wheat ~ Potatoes Hot whole grain ~ German oven
Skim milk pancakes topped  banana, Cereal Skim Milk (Hashbrowned cereal pancakes*
English muffin with unsweetened Bran Muffins* Whole grain toast with small amount Skim milk
with jam applesauce of oil in non-stick  English muffin

pan)
Whole grain toast
with marmalade
Tuna sandwich Chili bean Lentil soup* Bean burritos Salad bar (greens  Peanut butter and Minestrone soup

(water-packed
tuna mixed with
tangy dressing* or
imitation
mayonnaise)
Carrot sticks
Fresh fruit

Bean lasagna*
Tossed salad with
Western dressing*
French bread
Fresh berries

salad* in whole
wheat pocket
bread

Tomato soup
(Campbell’s Low-
sodium)

Fresh fruit
Graham crackers

Cashew chicken*
Steamed rice
Fresh pineapple
slices

Wheat berry rolls
Hot fudge
pudding cake*

Low-fat crackers
Laughing cow
reduced calorie
cheese, Fresh fruit

Easy Tuna noodle
casserole*
Steamed broccoli
Confetti
Appleslaw”,
Wheat rolls
Strawberry ice*

Lettuce and sliced
tomato
Fresh fruit

Pizza Rice
casserole*

Green peas
Green salad with
low-calorie
dressing
Sourdough rolls
Gingersnaps

topped with
kidney beans,
tomato, radishes,
garbanzo beans,
and cucumbers)
Low-calorie
commercial or
Western dressing*
Bagel

Fruit

Baked herbed fish*
Baked potato with
mock sour cream*
Steamed zucchini
Waldorf salad*
Caraway puffs*

jelly sandwich
Vegetable sticks
(carrot, celery, etc)
Fresh orange
Whole wheat fig
bar

Corn chips* with
bean dip*
Creamy
enchiladas™®
Meatless Spanish
rice

Shredded lettuce
& tomato

Fresh fruit

Wheat berry rolls
Low-fat cottage
cheese, Fresh fruit

Spaghetti with
marinara sauce*
Tossed salad with

low-calorie dressing

Steamed green
beans seasoned
with lemon and
pepper, French
bread,

Fresh fruit

*recipes from (85)

29
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Phases of the "Alternative American Diet"
Chemical Composition

800 80
600 60
400 40
200 20
ol i 0 3
AD I oI m AD I T 1
Cholesterol Fat Carbohydrate
mg/doy % Calories % Calories

*Saturated fat not to exceed 6% total calories

Figure 8. The cholesterol, fat, and carbohydrate content of the Western diet (ap) and
the phases of the low fat, high carbohydrate diet (I, II, III).

Chemical and Nutrient Content

The chemical composition of the Western diet and the three phases
of the low-fat, high-carbohydrate diet are given in Figure 8. The West-
ern diet contains approximately 500 mg cholesterol per day. This is
decreased in Phase I to 350 mg, in Phase II to 200 mg, and in Phase
I to 100 mg per day. The fat content decreases from 40% of calories
in the Western diet to 35% in Phase [, to 25% in Phase I, and to 20%
in Phase III, with special consideration given to the decrease of sat-
urated fat. In order to have sufficient calories to meet body needs we
propose a gradual increase in carbohydrate, with emphasis on the
use of the fibre-containing complex carbohydrates found in whole
grains, cereal products and legumes. The increase in carbohydrate
content to 65% in Phase III increases the bulk of the diet considerably,
a feature which induces satiety sooner per unit of calories and helps
to promote weight loss. The dietary fibre content of the low-fat, high-
carbohydrate diet increases from 10 to 12 gm per day to 35 to 50 gm
per day. Increasing the complex carbohydrate as fruits, vegetables,
grains and beans will ensure that 30% of the fibre intake is soluble
fibre (11 to 15 gm). Even though the total carbohydrate is increased,
the refined sugar content is actually decreased, from 20 to 10% of
calories, and a greater emphasis is placed on eating more fruit.
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Using the Low-Fat, High-Carbohydrate Diet for Patients Who Are
Also Hypertensive or Diabetic

A persistent problem in the dietary treatment of disease has been the
use of a separate and individual diet for each disease. A good example
would be the hyperlipidemic patient who also has high blood pressure
and has been advised to follow a low-sodium, high-potassium diet.
Such a diet is completely compatible with the low-fat, high-carbo-
hydrate diet, which has incorporated into its design a phased ap-
proach to a low-sodium and high-potassium intake (81,82,85). Should
caloric reduction be required to treat obesity, the low-fat, high-
carbohydrate diet in reduced calories can be utilized. This diet has
also been used in the treatment of diabetic patients (60). The high in-
takes of complex carbohydrate and fibre are in keeping with the latest
trends in diabetic diets.

Predicted Plasma Cholesterol Lowering from the Three Phases of the
Low-Fat, High-Carbohydrate Diet

As has been emphasized, both dietary cholesterol and saturated fat
elevate plasma cholesterol levels, whereas polyunsaturated fat has a
mild depressing effect. By steps, the cholesterol and saturated fat of
each phase of the low-fat, high-carbohydrate diet are progressively
reduced, with Phase III providing for the lowest intakes. According
to calculations derived from Hegsted and coworkers (40), one would
expect a 6 to 7% decrease, on the average, in the plasma total and
LDL cholesterol level for each dietary phase (Table g). If a patient were
to reach Phase III goals there would be, on the average, an 18 to 21%
lowering of the plasma cholesterol level. Approximately one-half of
the plasma cholesterol lowering would result from decreasing dietary
cholesterol intake from 500 to 100 mg/day and one-half of the lowering
would result from decreasing saturated fat intake from 14 to 5% of
calories.

For example, a patient with a plasma cholesterol level of 300
mg/dl when consuming the typical Western diet would have a plasma
cholesterol level of 237 to 246 mg/dl if Phase III goals were to be
achieved. Then a small dose of one of the hypocholsterolemic drugs
would be used to decrease the plasma cholesterol further to below
200 mg/dl.

The scenario just described represents a mean plasma cholesterol
response to dietary change. Based on the data from Katan et al. (18),
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Table 9
Predicted Plasma Cholesterol Lowering from the Three Phases of the Low Fat,
High Carbohydrate Diet

Predicted total ~ Predicted

change in change in
plasma plasma
cholesterol from  cholesterol
Poly- Western Diet to from phase to
Total Saturated saturated Cholesterol each phase phase
Fat*  Fat* Fat* PIS (mglday) (percent) (percent)
Western Diet 40 15 6 0.4 500
Low Fat, High Carbohydrate Diet
Phase I 35 14 9 0.6 350 -6 -6
Phase II 25 8 8 1.0 200 -13 -7
Phase III 20 5 8 1.3 100 -19 -6

*per cent of the total calories
calculated per the formula of Hegsted, McGandy, Myers, and Stare (40)

Chol =216 S~ 165 P + 677 C - 0.53
Where Chol = the change in plasma cholesterol in mg/dl
S = the change in saturated fat as per cent of total calories
P = the change in polyunsaturated fat as per cent of total calories
C = dietary cholesterol intake in decigrams/day

The baseline diet from which changes have been made is the Western Diet.

one would estimate that 75 to 85% of people who achieved maximal
dietary changes would have a plasma cholesterol decrease of 9% or
greater and 50% of those people would have an 18% or greater re-
duction in the plasma cholesterol level. Extrapolation from the Lipid
Research Clinics Primary Prevention Trial results, which showed a
2% reduction in risk for coronary disease for every 1% reduction in
plasma cholesterol (90), one might then expect that 50% of individuals
maximally reducing their plasma cholesterol level by diet would de-
crease their coronary risk by 36% and 75 to 85% of individuals having
such reductions would decrease their coronary risk by 18%.

Summary and Conclusions

The dietary treatment and prevention of the atherosclerotic lesions
underlying coronary heart disease have a logical and well-established
rationale which has been developed over the past three decades. The
low-fat, high-carbohydrate diet for these purposes is designed to pre-
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vent and treat hyperlipidemia and to have an antithrombotic action.
The proposed low-cholesterol, low-fat diet is safe, inexpensive, and
can become habitual through the process of gradual change, practice
and patience. It offers a practical means of dealing with some of the
key risk factors in coronary heart disease, especially hyperlipidemia.
Furthermore, the same dietary philosophy may be applied to hyper-
lipidemias of differing severity, of different etiologies and of different
lipoprotein types.

This dietary approach may be used with therapeutic benefit at any
stage in the development of coronary heart disease. Atherosclerosis
is inevitably progressive but focal. The same coronary artery may
have occlusive lesions in one location and in neighbouring locations
only beginning lesions. Likewise, in other coronaries the lesions may
be minimal, severe or variable. Thus, the complete therapy of coro-
nary heart disease must concentrate upon the removal or alleviation
of those factors causing plaques to worsen and upon enhancing those
factors promoting regression of atherosclerosis.

The primary prevention of coronary heart disease is clearly the
ultimate goal to deal most effectively with the current epidemic of
coronary heart disease. The dietary changes suggested for the coro-
nary patient are completely safe and are prudent measures to be
followed by any population (i.e., Western) at serious risk for coronary
disease. These nutritional changes should be instituted early in life
when they will have the greatest impact. This is a familial disease
and its control and treatment can best be approached on a family
basis. The primary prevention of coronary heart disease is dependent
upon the prevention of diet-induced hyperlipidemia.
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J. ALICK LITTLE

Coronary Heart Disease
Prevention Trials

Dr Richard Havel has described the influence of plasma lipoproteins
and nutrients on atherogenesis and coronary heart disease earlier in
this conference (1) and Dr William Connor has explained how the
diet can be altered to decrease the risk of coronary disease (2). Over
the last three decades there have been a number of clinical trials using
diet and/or lipid lowering medications aimed at reducing the high
incidence of coronary heart disease. This paper will review the results
from some of these intervention trials.

Atherosclerosis is a kind of “hardening of the arteries” causing
thickening of the wall and narrowing or occlusion of the passageway
or lumen. Coronary heart disease (cHD) is almost always due to ath-
erosclerosis with thrombosis or blood clot. The major clinical com-
plications of this are: heart attacks or myocardial infarction (M) (death
of heart muscle), usually from complete occlusion, and angina pectoris
(transient chest pain), usually from partial occlusion. We should also
consider why human clinical coronary heart disease is used as the
model for experiments to test the hypothesis that lowering plasma
lipids will slow atherogenesis and prevent clinical complications.
Foremost is the fact that in our society coronary heart disease is very
common, accounting for about one-third of all deaths in North Amer-
icans. It is more common in middle-aged men than in premenopausal
females, which is why intervention studies are conducted using men.
The clinical manifestations are easily and accurately detected by his-
tory, electrocardiography, and biochemical tests, and without inva-
sive techniques. For practical purposes there is only one pathological
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cause of coronary ischemia and that is atherosclerosis. Elevated
plasma cholesterol levels, along with hypertension and smoking, are
the major risk factors for coronary disease. Elevated plasma choles-
terol is a less important risk factor for cerebral and peripheral vascular
disease. Therefore heart attacks and other complications of coronary
disease are better end points than strokes or lower limb ischemic
claudication for the study of the effect of lowering plasma cholesterol
on atherogenesis.

Despite the high incidence of coronary heart disease in our pop-
ulation and the relative absence of other interfering diseases, its pre-
vention is still difficult to study. Unlike some other diseases, such as
acute infections, that develop quickly and respond in an all or none
way to treatment, atherosclerosis develops slowly and insidiously.
The earliest pathologic lesions are the fatty streaks in the endothelial
lining of the arteries shortly after birth. These clinically insignificant
lesions may regress and leave a normal coronary artery or may go on
to larger, coalescent accumulations of cholesterol in the thickened
artery wall (Figure 1) surrounded by areas of tissue reaction, scarring,
calcification, and hemorrhage into the artery wall. Often there is an
associated thrombus or blood clot to narrow or occlude the lumen
further. The clinical manifestations from this process, in the case of
the coronary arteries, are angina pectoris from partial occlusion and
periodic ischemia of heart muscle, or a heart attack from myocardial
infarction (mi) (either non-fatal or fatal) from complete coronary oc-
clusion. Infarction means death of tissue, and in the heart it means
death of part of the muscular wall, resulting in a serious loss of
function. However, the clinical manifestations of atherosclerosis do
not occur usually until after age 70 unless the patient has a bad risk
profile such as elevated plasma cholesterol and/or blood pressure and/
or smoking.

Not only is atherogenesis in man slow, it appears to have multiple
causes besides increasing age. These include the concentration of the
lipoproteins in the blood, increasing blood pressure, the use of smok-
ing tobacco, the presence of diabetes mellitus, and obesity. It is con-
venient to think of these causative factors as acting concomitantly in
hastening the rate of atherogenesis and the risk of clinical compli-
cations. It is not my purpose to discuss the details of the mechanisms
for the interaction of the various causes of atherosclerosis other than
to suggest that they act by increasing lipid infiltration of the artery
wall through injury or increased plasma lipid concentrations or im-
paired removal of lipids or increased tendency for thrombosis. How-
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Figure 1. A microphotograph of the cross-section of a human coronary artery con-
taining, in the lower half, an atheromatous plaque that is cracked at the junction of
the atheroma capsule with the original artery wall resulting in hemorrhage into the
plaque and thrombosis occluding the vessel lumen above.

ever, it is important for this discussion to recognize their presence as
co-variables in the design, follow-up, and interpretation of the results
of intervention trials. Other variables of an adverse nature have re-
cently been discovered. These are the elevating effects on plasma
lipid levels by commonly used medications for hypertension and an-
gina, such as the beta blockers and thiazide diuretics and oral con-
traceptive drugs.

In this regard, the various lipid and lipoprotein fractions which can
be measured also have to be considered. Total plasma cholesterol,
total triglycerides, low density lipoprotein cholesterol (Lpr-c), and
very low density lipoprotein cholesterol (vipL-c) all have positive
associations with the development of coronary heart disease, meaning
the higher the concentrations the greater the risk, whereas high den-
sity lipoprotein cholesterol (HDL-C) has a negative association, mean-
ing the lower the concentration the greater the risk (3). Despite the
fact that total cholesterol contains HDL-C, it remains as a significant
and useful positive risk factor for coronary heart disease because HDL-
c is small (approximately 25%), relative to total cholesterol, and the
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variations of HDL-c levels are also relatively small. Because of their
opposite risks, the ratio of total cholesterol to HDL-C is a potent risk
index (4). Because lipids like cholestero}, triglycerides, and phospho-
lipids do not exist as free molecules in the plasma but rather as com-
ponents, along with a number of apoproteins, of various lipoprotein
fractions, it seems more logical to measure their concentrations only
in the different lipoprotein fractions. This is now being done to a
limited extent, and the results indicate that the components have
special significance for risk of atherosclerosis (5). Fortunately, the
concentration of total plasma cholesterol is a good index of LpL-cC,
which is the major atherogenic lipoprotein fraction. Because of this
and the relative simplicity and accuracy of its measurements, total
cholesterol was, and still is, a very useful atherogenic index.

Lipoprotein metabolism and the levels of the plasma lipoproteins
can be influenced by dietary factors, as described by Drs Havel and
Connor (1, 2). They can also be affected by certain drugs in selective
ways. Figure 2 shows the lipid metabolic pathways, and the numbers
indicate sites where various drugs may act and alter plasma lipopro-
tein and lipid patterns. One needs to recognize that whereas a drug
can improve the plasma lipoprotein pattern of a person with one type
of lipoprotein disorder, it can worsen the pattern of another type of
dyslipoproteinemia. Drugs should not be prescribed without follow-
up to ensure that the desired effect is occurring. Some early preven-
tion trials without the benefit of this knowledge prescribed drugs
without regard for the lipoprotein phenotype of the subjects, and this
could have adversely influenced the outcome.

Coronary prevention trials were undertaken to test the hypothesis
that lowering plasma lipids would delay or prevent atherogenesis and
thus coronary heart disease. This seemed reasonable as a result of
the huge body of knowledge derived from animal experiments and
clinical observations that proved conclusively that elevated plasma
cholesterol was causative for atheroma formation and premature clin-
ical coronary disease (6). Furthermore, animal studies showed that
lowering previously elevated plasma cholesterol levels resulted in
regression of atheromata (7). However, there was no certainty that
this could be done in man, in whom the disease takes several decades
to develop, and for whom adherence to a study protocol must be
voluntary.

Several primary prevention trials were completed between 1968 and
1979 (8-13). Primary prevention means an attempt to prevent the
initial heart attack, as opposed to secondary prevention, which is
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Figure 2. Schematic representation of the metabolism of lipoproteins (Lr) showing
sites where various drugs can modify the process: 1. absorption of lipid from the
intestine; 2. synthesis by the liver; 3. stimulation of catabolism by lipoprotein lipase
(LPL); 4. and 6. increasing receptors for apolipoprotein ligands (A); 5. drugs combining
with remnant lipoproteins to modify their catabolism; 7. interfering with cholesterol
(C) synthesis from acetate (aAc); 8. combining with bile acids (Ba) in the stool to promote
excretion.

preventing recurrence of a heart attack. Out of necessity, middle-aged
males were the subjects, in order to provide a sufficient number of
ischemic events within a reasonable time period and a cohort of rea-
sonable size. The diet to lower plasma lipids had limited amounts of
saturated fat and cholesterol and increased amounts of polyunsatur-
ated fat. Good adherence to diet resulted in 5-10% lowering of plasma
cholesterol. In some trials, adding lipid-lowering medications some-
times resulted in another 10-30% lowering as compared to the control
group. The end points for coronary heart disease were definite or
“hard,” such as a fatal or a non-fatal heart attack. Softer end points
were probable heart attacks and angina pectoris. Other ischemic
events were strokes and peripheral vascular disease. In these trials
the general tendency was a decreased incidence of coronary end
points in the experimental group compared with the controls, but
this did not always reach significance. Not surprisingly, considering
the limited statistical power, deaths from all causes were not reduced
in any of these or subsequent prevention trials.
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Several secondary prevention trials were completed between 1966
and 1978 (14-17). The most impressive of these secondary trials was
the 15-year study in Oslo of 412 male infarction patients, with half
randomized to a strict diet and half to a conventional diet (14). Plasma
cholesterol was 14% lower on the experimental diet, and there were
significantly fewer myocardial reinfarctions (34 vs 54), especially in
men under age 60, but total cardiovascular deaths were not signifi-
cantly different (38 vs 52).

Since 1981 there have been four primary prevention trials in dif-
ferent countries (18-21). These were multiple risk factor intervention
trials, because two or more intervention programs were involved in-
cluding diet and exercise, and reduction in smoking, blood pressure,
and weight. The tendency for fewer coronary end points in the ex-
perimental groups continued, but these did not always reach the 0.05
level of significance. In the U.K. Heart Disease Prevention Project
(20) in 18,210 men over five years there was only slight lowering of
plasma cholesterol, weight, blood pressure, and smoking, and no
objective decrease in coronary heart disease. However, using more
aggressive intervention in the same protocol, the Belgian Heart Dis-
ease Prevention Project in 19,409 men achieved significant lowering
of plasma cholesterol, smoking, and blood pressure, and a reduction
of coronary heart disease incidence by 24.5%, p = 0.031 (21). This
difference in the results of the two trials indicates dramatically that
it is not the treatment itself, but the lowering of the risk factors that
prevents heart attacks.

In 1972 the forerunner of the U.S. National Heart Lung and Blood
Institute organized 12 Lipid Research Clinics (LRC) in North America
to undertake the Coronary Primary Prevention Trial (cppT) that would
test the hypothesis that lowering plasma cholesterol would prevent
coronary heart disease. It had been decided earlier, as a result of the
National Diet Heart Trial involving 1211 men for one year, that a
double blind dietary intervention alone was impractical because of
only 5-10% lowering of plasma cholesterol, a 10% drop-out rate an-
nually, and the requirement of up to 150,000 volunteers followed for
up to 40 years at a prohibitive cost (22). Therefore, the crpT needed
a more practical plan. The number of expected coronary end points
in the control group was increased by selecting middle-aged males at
high risk because of elevated plasma cholesterol. Cholesterol lowering
of the experimental group was increased by combining with the diet
the non-toxic bile acid sequestrant drug, cholestyramine, which at a
full dose of 24 g daily would lower cholesterol 25-30%. A suitable
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Figure 3. The incidence of myocardial infarction in the placebo (P) and cholestyramine
(C) groups during the Lipid Research Clinics’ Coronary Primary Prevention Trial.

placebo was available for a double blind design. Recruitment over a
two-year period provided 3806 male volunteers, 35-59 years of age,
with plasma cholesterol levels exceeding 265 mg% on three visits over
a three-month period. They were randomized into two groups for 7—
10 years of follow-up every two months.

The results, published in 1984 (23, 24), showed an average lowering
of plasma cholesterol and LpL-C of 8.5% and 13% respectively in the
cholestyramine compared with the placebo group. Figure 3 shows
that the incidence of fatal and non-fatal myocardial infarctions was
19% lower in the active treatment group (p < 0.05). Other softer coro-
nary disease end points, including positive exercise ECG tests, an-
gina pectoris, and coronary bypass surgery, were reduced 25% (p <
0.001), 20% (p < 0.01), and 21% (p < 0.06) respectively. The average
dose of cholestyramine during the trial was 70% of the prescribed 24
g daily, and this was associated with an 8% reduction in cholesterol
and 19% reduction in coronary risk. However, the subjects who took
the full dose had a 25% reduction in cholesterol and a 49% reduction
in coronary risk. The latter statistic can be remembered from the
simplification that each 1% reduction in plasma cholesterol resulted
in approximately a 2% reduction in risk of myocardial infarction in
this group of subjects.
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Figure 4. The relative coronary heart disease risk and confidence limits in relation to
reduction in cholesterol levels in six randomized dietary prevention trials. A = MRC
study (26), B = Rose et al. (27), C = Dayton et al. (10), D = Mrc (28), E = Leren (14),
F = Turpeinin et al. (8).

Richard Peto of Oxford University has provided a statistical method
for evaluating the combined results of the major randomized trials
that have been conducted. He pointed out the considerable margin
of error in the result from each individual trial. Therefore, he deter-
mined the confidence limits of the relative risks for each trial and
plotted these against the difference in plasma cholesterol level be-
tween the experimental and control groups for each trial. Figure 4,
adapted from Mann and Marr (25), shows the best regression line
passing through zero for a number of dietary trials. The small numbers
in each study caused the wide confidence limits, which explained the
inconsistent and conflicting results. However, using the regression
we find that a 10% reduction in plasma cholesterol by diet resulted
in a 15 * 6% reduction in coronary heart disease risk, which was
highly significant (p < 0.01).
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Similarly, an analysis of five drug prevention trials resulted in a
regression line where 10% lowering of plasma cholesterol gave a 21
*+ 5% reduction in cHD risk (25). The consistency of the data from
these two sets of prevention trials, one with diet and the other with
drugs, suggested that cholesterol reduction by a variety of methods
in middle-aged men did indeed prevent coronary disease events.

Using this method of analysis did not show, however, that with
the combined power of all the trials there was a significant reduction
in deaths from all causes. This would require much larger numbers
of men followed over many more years. The very high cost and long
duration means that such trials will never be done. For the same
reason, coronary prevention trials cannot be done in women, young
adults, and children. However, this should not provide a licence for
the purists to deny the benefits of coronary prevention programs to
younger men and to women.

Peto concludes, from a more recent analysis of this type (29), that
the estimated benefit of a 10% reduction in cholesterol is fairly con-
sistent for different types of trials. Primary prevention studies have
a 13% decrease in coronary risk, and secondary prevention trials a
17% decrease. Using fatal cHD as the end point, the reduction in risk
is 19%. Drug trials have a 16% drop in risk and dietary trials a 13%
decrease in risk. He concludes that the decrease in coronary risk
depends on the size of the reduction in plasma cholesterol and not
on any of the present methods of reducing cholesterol.

However, | believe it is possible that future research will reveal
more specific risk indices than total cholesterol, LbL-c, and HDL-c,
and will provide more specific drugs and diets to help correct the risk
profile. Certain of the HDL subfractions and components, such as
HDL;, HDL-triglycerides (HDL-TG), Apo Al, the major protein of HpL,
and Apo B, the major protein of LDL, may prove to have stronger
associations with atherogenesis in population studies. The combined
use of some of these indices may prove even more powerful. Fur-
thermore, the combined use of diet with combinations of safe and
potent lipid-lowering drugs will likely add to our ability to lower
plasma lipoproteins selectively and to modify the risk profile more
specifically.

In the meantime, a number of countries, including the U.S. (30)
and European countries (31), using our present knowledge, have
developed a consensus regarding what kinds of patients and what
segments of the population should receive advice for modifying their
risk profiles for coronary heart disease, and what the goals of the
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program should be. The Canadian Atherosclerosis Society, in collab-
oration with Health and Welfare Canada and the Heart Foundation,
is planning a conference for March 9-11, 1988, to consider these issues
in relation to the specific needs of the Canadian people. I anticipate
that we are on the verge of significantly reducing the incidence of
coronary heart disease still further.
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A Public Health Program
for Prevention of
Cardiovascular Disease

Cardiovascular diseases (cvp) form the major public health problem
in Finland. The province of North Karelia has proved to have the
highest occurrence of cvp within Finland. From 1969 to 1971 cvD
accounted for 43% of total mortality among North Karelian men aged
35—64 years. Awareness of this severe problem in North Karelia led
to the development of a community-based prevention program for
cvp, the North Karelia Project (1). The North Karelia Project was the
first systematic attempt to implement the community approach to
reduce the high cvp rates in the entire population of that area. The
project was originally set up for five years starting in 1972, but was
subsequently continued and, after ten years, has been gradually ex-
panded to cover also prevention of some other major non-commu-
nicable diseases.

Intervention

The intervention goal was to reduce disease rates by reducing the
population levels of the major coronary heart disease risk factors:
smoking, serum cholesterol, and blood pressure. The framework for
the intervention included improved preventive services, information,
persuasion, training, community organization, and environmental
change (2).

The nutrition sub-program aimed at reducing the generally high
level of serum cholesterol in the population through general dietary
changes. Internationally well-established principles of cholesterol-
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lowering diet were adapted to local conditions. Reduction of the ex-
tremely high consumption of dairy fat was the major aim, and es-
pecially the reduction of the amount of butter on bread and the change
to favour low-fat milk products were recommended. This main aim
was supplemented by encouraging people to use vegetable oil and
to increase the consumption of vegetables.

The implementation of the comprehensive program was integrated
in the health services and social organization of the province. The
elements of the intervention included the following aims, channels,
and methods:

1 Information to educate people about the relationship between be-
haviours and their health. This was disseminated via newspapers,
radio, leaflets, posters and stickers, health education meetings,
public campaigns, schools, working places, etc.

2 Organization of services: systematic integration of the necessary
measures with the existing health services and creation of necessary
new ones, via primary community health services (health centres),
special supportive services, and services by other organizations.

3 Training of personnel, especially in the practical tasks of the pro-
gram. The groups trained were health personnel, social workers,
teachers, workers in voluntary organizations, journalists, and com-
munity leaders.

4 Environmental services to encourage better life styles: smoking re-
strictions, promoting use of low-fat dairy products and low-fat sau-
sages, growing of vegetables, etc.

5 Internal information services to assist in the practical work: patient
cards, files, registries (hypertension, infarction, stroke), follow-up
surveys, other information.

Evaluation

The aim of the evaluation was to demonstrate the feasibility and the
effect of the program, to estimate the costs and obtain a comprehen-
sive picture of the process that took place in the community during
the five-year period from 1972 to 1977. We were also able to evaluate
the long-term effects of the program over ten years from 1972 to 1982.

A baseline survey for assessing changes in risk factors was carried
out in the spring of 1972 in North Karelia and a matched reference
area — another province in eastern Finland. A random 6.6% sample
was drawn from the populations of the two provinces using the na-
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tional population register. The five-year follow-up survey was carried
out in 1977 and the ten-year follow-up survey in 1982 in the two areas.
The survey methods were the same as those in the baseline survey
(3,4). Other data used for the evaluation include, for example, mor-
tality and morbidity statistics (5-7).

Results

The results of the North Karelia Project showed that serum cholesterol
levels fell by 11% among middle-aged men and women in North
Karelia over ten years. The reduction was significantly greater in
North Karelia than in the reference area among men for the period
from 1972 to 1977 and from 1972 to 1982. Among women no significant
difference was observed between the two areas (4).

The findings of dietary fat intake obtained by questionnaire showed
a remarkable reduction in the intake of saturated fats from milk and
spreads used on bread. These changes in saturated fat intake were
relatively similar among men and women. The major net reduction
in North Karelia took place during 1972 to 1977. During the second
five-year period favourable changes started to take place also in the
reference area, which is understandable, because national implemen-
tation of the activities found feasible in North Karelia started after
1977. Although the intake of saturated fats remained higher among
rural populations, the changes showed a similar trend both in urban
and rural areas.

The proportion of current smokers among 30- to 59-year-old men
in North Karelia decreased from 52% in 1972 to 44% in 1977, and to
38% in 1982. In the reference area the respective smoking rates were
50, 45, and 45%. About 27% of male smokers in North Karelia stopped
smoking during the project period, while in the reference area the
proportion was 10%. Among women the initially low smoking rates
increased in both areas by 7% — because of new birth cohorts with
higher smoking rates entering the age group of the study. At the same
time, the prevalence of ex-smokers among women increased mark-
edly, especially among the younger females (8).

By 1982, mean diastolic blood pressure had declined 5.6% among
men and 8.5% among women of this age group (4). The net reduction
in blood pressure was significantly bigger both among men and
women in North Karelia than in the reference area, and the hyper-
tension program seemed to reach all the different socio-economic
strata of the community equally.
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Overall, the ten-year results supported the evidence that the de-
crease in risk factor levels in North Karelia was an effect of the in-
tervention program. We were also able to demonstrate significantly
decreased mortality from coronary heart disease during the ten-year
period. The average fall in coronary heart disease mortality was about
29% among men during the ten-year period in North Karelia. At the
same time the decrease on the national level was about 23% (7).

Also, cancer mortality started to fall in North Karelia as well as in
the whole country during the observation period. The average decline
was almost 2% per year.

Conclusions

The experiences and results of the North Karelia project show that a
well-conceived, community-based program can have a meaningful
impact on the life styles, risk factors, cardiovascular disease rates,
and general health status of the population, and that through this
kind of systematic action the modern epidemic of our times — heart
disease — can be effectively fought.
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NORMAN M. KAPLAN

Diet and Hypertension

Diet is probably involved in the causation of most hypertension and
should be involved in the treatment of virtually all hypertension. For
simplicity, I shall consider the major dietary components separately,
providing a bit about their role in causation, which remains uncertain,
and more about their role in treatment, which is fairly well estab-
lished.

Calories

About half of hypertensives are overweight, and the prevalence of
hyptertension rises progressively at all ages with increasing degrees
of obesity. The tendency for the blood pressure to rise with weight
gain probably reflects the interaction of multiple factors, including
hormones, fluid volume, and cardiac function. One unifying concept
places increased blood levels of insulin resulting from insulin resis-
tance as a central mechanism since both hypertension and obesity are
often accompanied by high plasma insulin levels (1). The concept
invokes progressively more insulin resistance with weight gain, par-
ticularly when it is distributed primarily in the abdomen. Higher
insulin levels may cause hypertension by directly stimulating sym-
pathetic nervous activity or increasing renal reabsorption of sodium.

Just as hypertension becomes more prevalent with increasing
weight, so does blood pressure usually fall with weight loss. More-
over, weight loss not only usually lowers the blood pressure but will
also improve the blood lipid profile (Figure 1) (2). During this study,
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Figure 1. The course of the diastolic blood pressure, and changes in total cholesterol
and HpL-cholesterol during 21 weeks of treatment with placebo, or metoprolol 100 mg
twice a day, or weight reduchon averaging 7.4 kg accomplished by a diet reduced by
1000 calories per day. The therapies were randomly assigned to the 56 overweight
subjects with mild hypertension (2).

young overweight hypertensive patients were randomly assigned to
weight-reduction, a beta-blocker drug, or a placebo. Those on weight
reduction, who lost an average of 8.3 kg, not only had a greater fall
in blood pressure than did those on the beta-blocker but also had a
fall in total cholesterol and a rise in high-density lipoprotein (HDL)
cholesterol, both of which provide further protection from coronary
disease.

Beyond the fall in blood pressure that will probably accompany
weight loss in those who are already hypertensive, weight loss may
be the only proved and practical way to prevent the development of
hypertension. In an 11-year longitudinal survey of 2925 school chil-
dren in Muscatine, lowa, those who lost weight tended to have a fall
in blood pressure, those who gained weight, a rise (3). The magnitude
of the change in blood pressure was related directly to the change in
body weight and was not dependent on the initial blood pressure.

It seems appropriate then that weight loss should be encouraged
for all hypertensives who are overweight. Thereby, the blood pressure
will probably fall and, as an extra benefit, the plasma lipid profile
may also improve. The regimen for weight loss should be whatever
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the patient will accept and follow. For some, a structured, carefully
monitored, very low calorie program may be best. For others, a more
gradual reprogramming of daily dietary practices based on behav-
ioural modification may be more effective. With caution against the
use of diet pills containing sympathomimetics, which may raise the
blood pressure, any weight loss regimen that works should be tried,
remembering that with persistence, success is more likely than many
have assumed.

Dietary Fat

Hypertensives are more likely than normotensives to have elevated
blood cholesterol levels and lower levels of cardioprotective HpL-cho-
lesterol. Moreover, the two most widely used classes of antihyper-
tensive drugs, diuretics and beta-adrenergic blocking agents, may
further worsen lipid profiles, diuretics by raising cholesterol, beta-
blockers by lowering HDL-cholesterol.

Therefore, hypertensives need to reduce dietary saturated fat and
cholesterol as much or more than normotensives to overcome the
hazards of premature vascular disease induced by both their hyper-
tension and their most frequent hyperlipidemia. In limited trials, re-
duced amounts of dietary saturated fat and increased amounts of
polyunsaturated fat have been found to lower the blood pressure. An
additional antihypertensive effect may be achieved by ingestion of
omega-3 fatty acids, as shown in one controlled trial (4).

Despite the apparent wisdom of following the “prudent” diet to
reduce the risks of hypercholesterolemia, ingestion of such a low
(20%) fat/high (60%) carbohydrate diet for 15 days has been shown
to raise both plasma glucose and insulin levels in a group of non-
obese hypertensive patients compared to the effects of a 40% fat/40%
carbohydrate diet (5). These changes could diminish if not ablate the
reduction in cardiovascular risk provided by a beneficial effect on
lipids. They are particularly worrisome in view of the previously noted
high plasma insulin levels in hypertensives.

Beyond fat, changes in the consumption of the other two food
categories, carbohydrates and protein, have not been found to influ-
ence blood pressure meaningfully.

Sodium

Dietary sodium excess is probably a principal cause of primary (es-
sential) hypertension. The evidence is largely circumstantial but quite
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Table 1
Estimated Diet of Late Palaeolithic Man vs That of Modern Americans (7)

Late Palaeolithic diet Current American
(assuming 35% meat) diet
Total dietary energy (%)
Protein 34 12
Carbohydrate 45 46
Fat 21 42
Polyunsaturated: saturated 1.41 0.44
fat ratio
Sodium (mg) 690 3500
Potassium (mg) 11000 2400
K/Na ratio 16.1 0.7:1
Calcium (mg) 1580 740

persuasive (6). Simply stated, sodium intake in excess of the quite
small amounts needed for physiologic needs is probably a necessary
but not sufficient component of the hemodynamic cascade that ev-
entuates in hypertension. Even if it were not, reduction of sodium
intake to the levels consumed by humans throughout most of history
should not be looked upon as an “unnatural” move, since our phys-
iology is presumably constructed to handle the lower sodium diet
that was natural until fairly recent times (Table 1) (7). The hypothesis
that our current high sodium intake is involved in the pathogenesis
of hypertension is supported by the recognition that hypertension is
more prevalent in blacks than in whites in the United States. American
blacks largely came from areas in Africa where sodium was quite
scarce, so their body physiology probably adapted to a low sodium
intake. After their migration to the United States, their sodium intake
must have risen, and this may be a factor in their high prevalence of
hypertension.

Although the sensitivity of the blood pressure to both increases
and decreases of sodium intake has been found to vary considerably
among hypertensive patients, I believe that moderate dietary sodium
restriction, to a level of 2 g per day (5 g of sodium chloride), is both
practical and useful, at least for a trial period, for all patients. The
evidence as recently summarized (8) shows an average 5 mm Hg fall
in systolic and diastolic blood pressure in most hypertensives over
age 40 after a reduction of dietary sodium intake down to a level of

2 g per day.
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Potassium

Part of the roles ascribed to sodium excess in the pathogenesis of
hypertension and to sodium restriction in the treatment of hyperten-
sion may, in fact, be played by potassium instead. As noted in Table
1, the diets eaten by Palaeolithic man were both lower in sodium and
higher in potassium than those now consumed. When dietary sodium
restriction is achieved by reducing the consumption of processed
foods in favour of natural forms, potassium intake often rises as so-
dium falls. Therefore, the antihypertensive effect of such an altered
diet could reflect the addition of potassium. Vegetarians tend to have
lower blood pressures than non-vegetarians and this, too, may reflect
their high potassium intake.

Potassium supplements have been given to reduce the blood pres-
sure with only modest effect, probably less than that observed with
sodium restriction, although the number of controlled trials with po-
tassium remains fairly small. The appropriate advice for most hyper-
tensives is simply to increase dietary intake of fresh foods, which are
almost all high in potassium. If potassium depletion is present, usually
from diuretic therapy, potassium supplements may be needed, and
they may cause the blood pressure to fall (9).

Calcium

An increased concentration of calcium within cardiac and vascular
smooth muscle cells is a feature of most currently held models for
the development of hypertension. Intracellular calcium may increase
in various ways (Figure 2) (10), thereby increasing the tone and con-
tractility of smooth muscle and raising the blood pressure by both
cardiac and vascular mechanisms.

Despite the probable involvement of too much calcium within cells
as a cause of hypertension, there has been considerable interest in
the use of calcium supplements to lower the blood pressure. This
interest arises, in part, from reports that dietary calcium intake may
be lower in hypertensive than in normotensive people. The most
complete analysis of the best data relating calcium intake to blood
pressure, however, failed to show a relation (11).

Some hypertensives excrete more than normal amounts of calcium
into the urine, probably as a consequence of a renal response to an
expanded body fluid volume. As shown on the right side of Figure
2, this renal leak could lower blood levels of calcium, in turn stimu-
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Figure 2. Three possible defects in calcium metabolism, all of which could eventuate
in increased intracellular calcium (10).

lating the release of parathyroid hormone, the main hormonal reg-
ulator of calcium balance. Increased parathyroid hormone levels,
shown to be present in those hypertensives who have a renal leak of
calcium, will increase calcium movement from extracellular fluid
across cell membranes, leading to an increased intracellular calcium
concentration.

This mechanism may be simply an accompaniment to volume-
expanded forms of hypertension or may be a primary mechanism for
the rise in blood pressure with volume expansion. Regardless, in the
largest study yet published on the effects of giving calcium supple-
ments to hypertensive patients, those whose blood pressure fell were
those who started with lower blood calcium levels and higher blood
parathyroid hormone levels (12).

Present evidence suggests that calcium supplements will lower the
blood pressure in one-third to one-half of hypertensives. Whether
the calcium leak/parathyroid hormone mechanism is responsible for
the favourable effects is uncertain. However, some of those given
calcium supplements have a further rise in blood pressure. Therefore,
until it is possible to identify beforehand those who will respond
favourably, calcium supplements should not be used indiscriminately
in hopes of lowering the blood pressure.
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Moderation of Alcohol

Although not usually considered as a part of the diet, alcohol in excess
is a problem for many hypertensives, not only because of the dangers
of alcoholism but also because it may impair control of their hyper-
tension and increase their likelihood of having a stroke. Alcohol, even
in smaller amounts — any amount over that contained in three drinks
a day — may exert a direct pressor effect. This pressor effect has been
clearly documented when about two ounces (0.76 g/kg body weight)
of alcohol were consumed over 15 minutes, raising the blood alcohol
level to a peak of 91 mg per 100 ml (20 mmol/L) (13). When compared
to the unchanged blood pressures during the placebo therapy in this
randomized, double-blind cross-over trial, the systolic levels rose sig-
nificantly, the diastolic less so after alcohol; in three of the nine pa-
tients, the rise in systolic pressure was greater than 25 mm Hg.

Chronic consumption of lesser amounts of alcohol probably does
not raise the blood pressure, although the evidence is not clear. In a
review of 30 cross-sectional studies, it was found that the blood pres-
sure of those who drank fewer than three drinks per day was greater
than that of non-drinkers in seven cases, no different in 11, and lower
in 12 (14). Since such light drinking has been shown to be associated
with less coronary heart disease, the best advice would seem to be:
keep alcohol intake to no more than 30 g or 40 ml, the amount con-
tained in three usual drinks a day (one drink = 12 ounces of beer, 4
ounces of wine, 1 ounce of distilled spirits). Those who drink more
should be strongly encouraged to cut down for numerous reasons,
including a probable fall in their blood pressure. There seems little
reason to recommend total abstinence, either for the blood pressure
or for overall health.

Other Dietary Changes

Almost everything from acupuncture to zinc, with a heavy pinch of
garlic, has been claimed to lower the blood pressure. However, most
have not lived up to the hopes that attended their introduction. No
modalities other than those previously covered have been proved to
be effective in properly conducted trials of sufficiently large numbers
of people to justify their use.

Prohibitions against the intake of caffeine-containing beverages
have been repeatedly advocated in the management of hypertension.
Although caffeine will acutely raise the blood pressure of non-users,
tolerance to its pressor action rather quickly develops, and there is
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Table 2
Dietary Therapy for Hypertension

If obese, weight reduction

Dietary sodium restricted to 2 g (88 mmol) per day

Supplemental potassium, magnesium, and calcium if deficiency exists
More fibre and less saturated fat

Alcohol limited to 1 ounce per day

no convincing evidence that cutting it out will lower the blood pres-
sure.

Overall Dietary Recommendations

All hypertensives should be encouraged to follow as many of the
dietary manipulations listed in Table 2 as applicable and possible. The
appropriate timing for their use is usually sooner rather than later.
For example, an obese hypertensive probably will be more easily
motivated to stay with a low-calorie diet if weight reduction is ac-
companied, as is likely, by a fall in blood pressure. If, while starting
the diet, the patient also monitors the blood pressure, the usual fall
in pressure will be noted to accompany the fall in weight that almost
always occurs at the beginning of a new diet. If, after a few weeks,
the patient stops the diet, a rise in blood pressure probably will ac-
company the rise in body weight. The recognition of parallel change
in pressure may help motivate the patient to return to effective weight
reduction. On the other hand, if medications are given at the outset,
the fall in blood pressure they induce may detract from the motivation
the patient would have to lose weight. Further, if subsequent weight
loss occurs and lowers the blood pressure, the medication may need
to be discontinued.

Certainly, many will not accept these non-drug approaches, and
some who use them will not respond with a fall in blood pressure.
However, for most hypertensives at least a four- to six-month trial
before instituting drug therapy is appropriate. During this time, re-
peated checks on the blood pressure are needed to ensure that the
patient is truly hypertensive and in need of drugs. If diet, exercise,
and the other non-drug approaches help to lower the pressure below
the level needing drug therapy, a considerable number of patients
will be saved the expense, monetary, psychological, and physical, of
many drugs used to treat the disease.
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The long-term effectiveness of dietary changes in lowering blood
pressure has not been clearly established. However, one four-year
study of a group of hypertensives previously treated with drugs who
then stopped their medications and were given, in a random fashion,
either a lower-calorie, lower-sodium diet or no nutritional change
showed that 39% of those on the dietary program remained nor-
motensive after four years, whereas only 5% of those who simply
stopped their medications remained normotensive (15).

Although more such information is needed on the long-term ef-
fectiveness of various non-drug therapies, enthusiastic use of the
various dietary approaches described should provide additional con-
trol of the blood pressure in many hypertensive patients with little
or no discomfort or impairment in the quality of life. Along with the
blood pressure, other cardiovascular risk factors should also be re-
duced. Moreover, for the population at large, there is at least a pos-
sibility that the development of hypertension may thereby be
postponed or even prevented.
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Diet and Diabetes

The name diabetes mellitus originates from two Greek words: diabetes,
passing through, and meli, honey; so called because, when the dis-
order is poorly controlled, the urine contains much suger and is like
honey. Diabetes is a metabolic disorder characterized by a deficiency
or lack of effectiveness of insulin, a hormone produced by the beta-
cells in the pancreas. An important function of insulin is to stimulate
the uptake of glucose from the blood into the tissues. A lack of insulin
therefore leads to the presence of raised blood glucose levels and the
presence of glucose in the urine, the two hallmarks of diabetes. There
are two major types of diabetes, now known as insulin dependent
(ropM) and non-insulin dependent (NIDDM) diabetes mellitus. The
features of these are shown in Table 1.

Diabetes was described over 3000 years ago. Before the discovery
of insulin in 1921, diet was the only form of therapy. During the
seventeenth and eighteenth centuries little was known about diabetes
except that the urine tasted sweet because of the presence of sugar.
This led to two schools of thought about treatment. One was that the
sugar lost in the urine was essential to the body and should be re-
placed with a high carbohydrate diet. The other was that the sugar
lost in the urine was toxic to the body, and therefore the diet should
contain no carbohydrate.

In the early 1900s it was found that a very low calorie diet could
prevent the development of diabetic ketoacidosis, which in those days
was rapidly fatal. However, the quality of life for these semi-starved
patients was poor. After insulin was introduced in 1921 there was a
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Table 1
Typical Features of Insulin and Non-insulin Dependent Diabetes

Insulin Dependent Non-insulin Dependent
% of diabetic population less than 20% over 80% of total
Age of onset early (under 30) late (over 50)
Body weight normal weight 80% are overweight
Ketosis proneness ketosis prone not ketosis prone
Blood insulin level low or zero normal or raised
Treatment requires insulin diet + oral agents

+ insulin

careful reintroduction of carbohydrate into the diabetic diet, but it
was generally considered that carbohydrate was harmful, and the
amounts in the diet were strictly controlled. This led to the devel-
opment of carbohydrate rationing schemes based on food tables giv-
ing the carbohydrate content of foods. In the 1930s Himsworth
showed that dietary carbohydrate could be increased from about 20%
of calories to 40% without increasing the amount of insulin needed.
Nevertheless, during the next 4o years, the dietary management of
diabetes varied widely; in 1953 about 25% of diabetic clinics in Britain
were still prescribing 20% carbohydrate diets. By the 1g970s it was
generally held that the diabetes diet should contain about 40% of
energy as carbohydrate, similar to a typical North American diet.
However, unlike other aspects of diabetes treatment, the rationale
behind dietary practice was based on assumptions rather than re-
search.

During the past decade there has been renewed research interest
into the dietary management of diabetes. The rapid accumulation of
data means that guidelines for the management of diabetes should
always carry the statement that they are based on the best evidence
available at present and are subject to change. Concern over the in-
creased risk of cardiovascular disease in the diabetic population (1)
has resulted in advice to reduce saturated fat and cholesterol intake
and hence increase carbohydrate consumption. However, the em-
phasis on increasing carbohydrate consumption has posed a number
of questions. Which type of carbohydrate foods should be selected:
should they be foods which are high in dietary fibre? Should they be
foods which are digested slowly and result in low blood glucose
responses (low glycaemic index foods)? What is the status of sucrose,
the nutritive sweeteners (e.g. fructose), and the non-nutritive sweet-
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Table 2
Summary of Recommended Daily Intakes in Diabetes: Apa 1986

Carbohydrate 55-60% calories
Protein 0.8 g/kg bodyweight
Fat <30% calories
PUFA 6-8% calories
Saturated <10% calories
Cholesterol <300 mg/day
Sodium (elemental) <3 g/day

eners in the dietary management of diabetes? In addition, there are
new considerations with respect to protein and fat. Current ideas
about the relationship between a high protein intake and the pro-
gression of kidney disease may apply in diabetes, where renal damage
is one of the common complications. The effect of omega-3 fatty acids
in reducing blood lipids is also of relevance. Finally, the benefits of
exercise per se, or as a part of a weight reduction program is being
debated.

The beginning of this year saw the publication of new Dietary
Guidelines from the American Diabetes Association (apa) (2), which
have been supported in the past by recommendations in Canada (3),
Britain (4), and elsewhere. Also this year will see the publication of
an N1H Consensus Conference on Diet and Exercise in Type 2 Diabetes
held in December 1986 (5). The conclusions of this conference were
sometimes rather different than those of the apa. Current dietary
recommendations will therefore be discussed here from the point of
view of the ADA guidelines, which are both compehensive and prac-
tical. Points of contention with the N report will be highlighted.

Current Dietary Recommendations for Diabetes

Current dietary recommendations for diabetes are shown in Table 2.
Carbohydrate should comprise 55-60% of energy, protein 0.8 g/kg
bodyweight, and fat less than 30% of calories. The reduction in fat
would be accomplished by a reduction in saturated fat intake to less
than 10% of energy, maintaining polyunsaturated fat (pura) at 6-8%
of energy. This results in a modest increase of the pura to saturated
fat ratio (P/S ratio). Cholesterol intake should be restricted to less than
300 mg per day and salt reduced so that elemental sodium is less than
1000 mg/1000 kcal, and no more than 3000 mg per day (Table 2).
Alcohol should be consumed in moderation because of its unpre-
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dictable effect on glycaemic control, including hypoglycaemia, and
the tendency of alcohol to raise serum triglyceride levels. Raised tri-
glyceride (1G) levels are an apparent risk factor for the development
of cardiovascular disease in the diabetic population. About half of all
diabetics have raised TG levels, in part due to obesity and poor gly-
caemic control.

No clear advice has been given with respect to vitamin and mineral
supplements. On a balanced diet the need for these is not clearly
established. However, those on diets containing less than 1000 kcal
may well need supplements in order to meet minimum daily require-
ments.

SPECIFIC RECOMMENDATIONS FOR
IDDM AND NIDDM

IDDM: It is generally agreed that the timing of meals in relation to
injected insulin is of great importance. A consistent habit of regularly
distributed meals and snacks throughout the day may allow better
control while reducing the risk of hypoglycaemia.

NIDDM: 80% of patients with NIDDM are overweight. For these in-
dividuals, weight reduction is a major aim of therapy. Central adi-
posity has been associated with insulin resistance, glucose
intolerance, hyperlipidaemia, and increased risk of cardiovascular dis-
ease (6). General recommendations are to reduce caloric intake by
500-1000 kcal per day, which would lead to 1-2 pounds of weight
loss per week. However, it is considered that diets containing 500—
8oo kcal or less should be monitored by a physician and the appro-
priate supplements provided to ensure an adequate intake of nu-
trients.

IMPLEMENTATION OF DIETARY
RECOMMENDATIONS

It is generally considered important, to enhance compliance, that each
patient be given a diet plan individualized to suit his or her specific
tastes and lifestyle. If the diet is to have long-term impact, a team
approach should be used in which the patient, physician, nurse, and
dietitian discuss the diet plan, along with, when possible, relevant
family members. The team approach should be evident in a detailed
initial phase of education of the patient and family, and be maintained
with frequent follow-up.
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Figure 1. Hypothetical effect of a diet high in fibre on the rate of absorption of car-
bohydrate (left) compared with that of a refined diet (right).

AREAS OF DISAGREEMENT AND DEBATE

With the emergence of new data, there has been debate and vigorous
disagreement about many aspects of the diabetes diet. The issues
debated include the desirability of protein restriction and the use of
omega-3 fatty acids. There is marked disagreement on the value of
dietary fibre, the glycaemic index, and sucrose restriction. Even the
value of one of the classic cornerstones of diabetes management,
exercise, is now being challenged.

DIETARY FIBRE

The original rationale for the use of fibre was that, by forming a barrier
to the digestion and absorption of foods (Figure 1), the rate of ab-
sorption of glucose would be reduced, and this would result in flatter
responses of blood glucose and insulin (Figure 2) (7). Interest in the
use of dietary fibre in the management of diabetes arose in the 1970s
on the basis of two lines of evidence. In studies where a range of
purified dietary fibres was added to test meals, some fibres caused
smaller rises of blood glucose and insulin levels postprandially. The
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Figure 2. Hypothetical effects of slowly absorbed (left) and rapidly absorbed (right)
carbohydrate on blood glucose responses.

degree to which fibre reduced the postprandial glycaemia was directly
related to the viscosity of fibre solutions in vitro. Thus guar, which
forms a viscous gum, was most effective, while bran, which does not
increase the viscosity of water, had little effect on blood glucose re-
sponses. When guar was given to diabetic patients in the longer term,
urinary glucose losses were reduced. In addition, increasing fibre
intake with high carbohydrate, high fibre foods markedly improved
diabetes control. Unfortunately, the fibre supplement used, guar, was
not readily available in palatable form, and the high-carboyhydrate,
high-fibre diet was rigorous and not immediately suited for general
application. Nevertheless, over subsequent years a number of centres
have produced similar results (8), although the gains have not always
been as dramatic, and in some cases negative results have been ob-
tained. Therefore, the general application to the diabetic population
of dietary fibre has been called into question, most notably by the
NiH Consensus Conference which came to fairly negative conclusions
(Table 3).

One of the reasons for the uncertainty about the use of dietary fibre
is that there are two broad classes of fibre, soluble and insoluble,
which have quite different physiological effects (Table 4). As can be
seen, it is the soluble fibres which have the metabolic effects that are
desirable to achieve in diabetes. Failure to differentiate between stud-
ies in which the predominant increase in dietary fibre has been from
foods containing insoluble fibre (9) as opposed to those containing
soluble fibre (10) is one of the reasons for the lack of unanimity in
the purported effects of fibre on carbohydrate and lipid metabolism
(Table 5 gives examples of foods which contain soluble and insoluble
fibre). This difference was recognized by the ADA, which came to
more positive conclusions about the use of dietary fibre (Table 6).
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Table 3
Summary of N1H Consensus Conference Position on Dietary Fibre

1 Studies showing benefits — inconclusive

2 Unpalatable

3 Negative effects not defined

4 Contra-indicated in autonomic neuropathy
5 If the patient desires fibre, give soluble fibre
6 Fibre supplements not recommended

Table 4
Summary of the Effects of Soluble and Insoluble Dietary Fibres
Soluble Insoluble

Faecal bulking 0 ++ +
Colonic fermentation ++ + +
Cholesterol reduction ++ 0
Reduced postprandial glycaemia ++ +
Longer term improvement in carbohydrate metabolism + +
Satiety + +
Weight reduction + +
Table 5
Examples of Foods High in Soluble and Insoluble Dietary Fibre

Soluble Insoluble
Legumes Whole wheat
Oats Wheat bran
Barley Whole rye
Okra Brown rice
Persimmon Millet

Table 6
Summary of Apa Position on Dietary Fibre

1 Double the intake
2 Use soluble types especially
3 Use legumes, whole-grain cereals, root vegetables, tubers, leafy vegetables
4 Advantages: i Carbohydrate metabolism improved
ii Blood lipids decreased
5 Cautions: i Mineral deficiency; e.g. Ca+ +
ii Gastric bezoars
iii. Abdominal discomfort
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DELETERIOUS EFFECTS OF
DIETARY FIBRE

The adverse effects of fibre range from making the diet unpalatable
to causing abdominal discomfort, flatulence, gastric bezoars, and min-
eral deficiency.

High fibre foods are not part of a traditional “Western” diet and
rather than being unpalatable, simply may be unfamiliar to the North
American population. On the other hand, high fibre foods are part
of the traditional diet in many cultures whose cuisine is becoming
popular in North America (e.g. Indian, Middle Eastern, Chinese).
Palatability is a personal matter, and the selection of high fibre foods
will be according to individual taste and background. This is in line
with the goal of individualizing the diet and the recognition of the
possible value of many “ethnic” foods.

Abdominal discomfort and flatulence will usually be experienced
during the introduction of high fibre foods into the diet because of
colonic fermentation of the unavailable carbohydrate. The risk of this
can be reduced by increasing the fibre intake gradually; symptoms
usually disappear with more prolonged use.

Gastric bezoars have been reported as a rare complication of taking
high fibre foods. When they are biopsied, cabbage has been found
as a causative agent, and large amounts of underripe persimmon have
been found to be associated with intussusception. In addition, the
effectiveness of fibre has been questioned in patients with severe
autonomic neuropathy of the gut. In this situation, gastric emptying,
gut motility, and the rate of small intestinal absorption is already
reduced.

Mineral deficiency has been a major cause for concern. It is true
that insoluble types of fibre such as wheat bran have been associated
with increased losses of Ca+ +, Zn+ +, and Fe+ +. Such effects
have not been clearly documented with the more soluble types of
fibre (11). Caution may therefore be required in prescribing large
amounts of insoluble fibre to those whose mineral status may be
compromised, such as the elderly. General concern for healthy people
over possible dangers from doubling the mean population intake of
dietary fibre from mixed sources does not appear warranted (11).

Although there is no clear-cut evidence for a major therapeutic effect
of fibre, its addition to the diet may contribute to overall health and
have some specific metabolic advantages for those with diabetes.
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THE GLYCAEMIC INDEX

The available carbohydrate in foods has classically been grouped into
“simple” and “complex” carbohydrates. “Simple” carbohydrates in-
clude mono- and disaccharides (i.e. the sugars), and “complex” car-
bohydrates include the digestible polysaccharides amylose and
amylopectin (i.e. starch). Traditionally, diabetics have been advised
to avoid “simple” carbohydrates. It was suggested that sugars caused
higher rises in blood glucose after their consumption because they
were broken down and absorbed more rapidly than the “complex”
starch molecules which have to undergo hydrolysis by pancreatic
amylase. However, it is now known that there is a wide range of
glycaemic responses to different sugars and that this range overlaps
and is virtually indistinguishable from the range of glycaemic re-
sponses to different starchy foods. Since the classification of foods
according to their chemical nature (i.e. simple and complex carbo-
hydrate) does not allow prediction of their glycaemic effects, a clas-
sification of foods according to their biological effect on the blood
glucose response was developed (12). This classification was called
the glycaemic index (GI) where:

GI =
Incremental glycaemic response to 50 g carbohydrate from test food X 100

Incremental response to 50 g carbohydrate from reference food

Either bread or glucose has been used as a reference to “standarize”
an individual’s response to a test food. Effectively, the glycaemic
response of the test food is expressed as a percent of that for the
reference food taken by the same subject, and the results from dif-
ferent individuals are averaged to give the a1 for that food. It was
reasoned that such a classification could be used to select carbohydrate
foods for inclusion in the diabetic diet. The GI established in normal,
NIDDM, and IDDM subjects was found to be similar for the same foods,
and there was a broad measure of agreement in results between dif-
ferent centres (12,13). This has prompted the suggestion that at a
future stage this form of classification could form part of the “exchange
system” for carbohydrate foods. Many factors may be responsible for
differences in postprandial responses to carbohydrate foods, includ-
ing not only the fat and protein content of a food, but also fibre, the
food form (e.g. particle size of grains and degree of compactness —
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Table 7
Summary of Apa Position on the Glycaemic Index

1 Classification may facilitate management

2 Consistencies suggest future use as exchange

3 Inconsistencies suggest delaying general application

4 Area for more research

5 Meanwhile use tables to identify foods to offer patients on a trial basis

bread as opposed to pasta), the method of processing (parboiled as
opposed to polished rice), cooking, and, in the case of fruit, the degree
of ripeness. These factors need to be more carefully documented and
comprehensive tables of values established and validated before the
practical utility of the GI can be assessed. However, in the meantime,
the current recommendations of the Apa suggest that individual pa-
tients could be offered low a1 foods on a trial basis (Table 7). In
addition, the Canadian Diabetes Association specifically recommends
the use of what are, in effect, low c1 foods. Table 8 gives the G1 ranking
of some common starchy foods. While the AbA recommendations can
be summed up as supportive of the G1 concept, the opposite point of
view was expressed by the N1H (Table 9). However, their data base
for drawing conclusions was considerably narrower than that of the
ADA. The panel felt that the factors responsible for differences in
glycaemic effect were unpredictable, failing to acknowledge evidence
to the contrary. Above all, they considered that the differences in
glycaemic effects of different single foods were abolished when the
foods were fed in the context of a mixed meal, and therefore that the
concept lacked clinical utility. Again, data contrary to this view were
ignored. The application of this concept therefore remains a matter
for debate, and studies of the longer term effects of low a1 foods on
metabolic control in diabetes are required. Individual physicians and
dietitians may nevertheless wish to try its application for themselves,
especially where it increases the variety of starchy foods found ac-
ceptable by the patient.

SWEETENERS IN THE DIABETIC DIET

Traditionally the use of sugar by the diabetic was forbidden. However,
evidence of deleterious effects of sucrose from controlled trials is not
strong (14). In addition, the effect of sucrose on the postprandial
glycaemia is no worse than that of many starchy foods (12). The latter
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Table 8
Glycaemic Index (c1) Ranking of Some Common Starchy Foods into Higher
(Class I), Intermediate (Class II}, and Lower (Class 1lI} Groups

Class 1 Class 1 Class LI
GI > 90 GI 70-90 Gl <70
Most breads All bran Pumpernickel bread
Plain crackers Oatmeal Most pasta
Most breakfast cereals Most cookies or biscuits Parboiled rice
Most potatoes Rice Most dried legumes
Millet Buckwheat Nuts
Corn chips Sweet corn Barley
Boiled new potatoes Bulgur (cracked wheat)
Yams

Sweet potatoes

Table 9
Summary of N1H Consensus Conference Position on Glycaemic Index

1 Many factors alter glycaemic effect:
— processing
— cooking
- food storage
- mastication
- diurnal variation in absorption
— racial and ethnic differences
2 No effect in mixed meals
3 Conclusion: Not recommended

has recently been confirmed in the context of mixed meals and has
nevertheless caused considerable surprise (15). There appears, there-
fore, to be no reason to prohibit the use of sugar as a sweetening
agent in high-carbohydrate, low-fat diets except for two cautions.
First, it is assumed that it will be used as a sweetening agent and not
as a means of increasing carbohydrate intake, since there are many
starchy foods with lower glycaemic responses and greater nutritional
qualities than sucrose. Secondly, when taken with a higher saturated
fat diet, sucrose has been shown to enhance the rise in blood lipids
(16).

Fructose, sorbitol, and other nutritive sweeteners have been pro-
posed for the diabetic, since they may be taken up and metabolized
with little additional requirement for insulin and with little effect on
the blood glucose level (17). Much interest has focused on fructose,
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since it may raise both serum triglyceride (tG) and uric acid levels. In
a recent study, diabetic volunteers were given 60 g fructose daily in
place of sucrose as a sweetener (18). Those subjects with normal TG
showed no change in serum 16. However, patients with raised 1G
levels showed a further increase in fasting TG on fructose. More ex-
perience is needed with both sucrose and fructose to define the ideal
amounts that could be used and the individuals to whom they are
most suited.

Non-nutritive sweeteners such as aspartame may also be used in
the diabetic diet. No deleterious effects have been seen in the short
term with large doses of aspartame (19). However, a number of good
trials are still required to show that non-nutritive sweeteners do in
fact enhance weight reduction and improve diabetic control. Logical
though this might appear, these trials have not been forthcoming.
The benefits of the use of non-nutritive sweeteners must therefore
also be open to question.

PROTEIN

It has been suggested by some that increasing the protein content of
the diabetic diet may be beneficial in that protein stimulates insulin
secretion, and, in test meal situations, has been associated with lower
postprandial blood glucose responses (20). This must be balanced
against the facts that (i) the Western diet contains protein in excess
of requirements and (ii) a common long-term complication of diabetes
is renal failure. In the 1960s low-protein diets were advocated for
patients with chronic renal failure by Giovanetti and Giordano. With
the more routine use of dialysis and renal transplantation the im-
portance of these diets was minimized. More recently, studies by
Brenner and associates have highlighted the possible disadvantages
of high protein intakes in situations of minimal renal damage (21).
This issue is of importance in diabetes, for both 1ppM and NIDDM.
The theory is that increased protein intake causes increased intra-
renal blood pressure, renal hyperperfusion, and mesangial cell loss.
The preliminary results of longer term trials in man of the effects of
protein restriction early in the course of renal disease look hopeful
(22). The nature of the protein sources which it may be most advan-
tageous to eliminate have not been defined. Preliminary short-term
studies in IDDM suggest that lower protein intake may be of advantage
in terms of some measures of renal function (23). In the future, specific
guidance with respect to protein may be given. At present, the Apa
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recommends that protein intake should be held at about 0.8 g/kg,
which is lower than current mean intakes.

OMEGA-3 FATTY ACIDS

There is much current interest in the use of polyunsaturated fatty
acids of the omega-3 series derived from fish oils (eicosapentaenoic
acid, e.g. “MaxEpa”) in the treatment of raised blood lipids (24). This
has implications for the treatment of diabetes. Evidence suggests that
the inclusion of 20 g omega-3 fatty acids daily may have potent effects
in lowering raised serum 16 levels. This is not a feature of the omega-
6 fatty acids (e.g. linoleic acid) derived from plant sources, whose
primary effect is to reduce serum cholesterol. The omega-3 fatty acids
have many other effects, including the alteration of membrane flu-
idity, the activity of membrane-bound enzymes and cell recognition,
and a reduction of platelet activity and leucocyte function (25). There
is some suggestion that the omega-3 series may be ketogenic and may
raise LDL cholesterol levels. Despite their promising effects in reducing
serum lipids in non-diabetic, hyperlipidaemic patients, the place of
these fatty acids in diabetic therapy remains to be defined by direct
experimentation.

Exercise

Exercise can be considered under the heading of nutrition because it
forms part of the overall equation of energy balance. For this reason
exercise has long been one of the cornerstones of diabetes therapy:
diet, exercise, and medication. The value of exercise has been called
into question by the N1 Consensus Conference, which felt that the
benefits of a reduction in body weight far outweighed the putative
metabolic benefits of exercise. In addition, since the effects of exercise
are short-lived, it would have to be sustained over a lifetime. The
panel was not impressed with the evidence that exercise may modify
the progression of cardiovascular disease in NI1pDM, but cautioned
that it may result in increased caloric intake above energy expenditure,
lead to retinal detachment, vitreous haemorrhage, and even sudden
death. A thorough medical examination was therefore required by
those diabetics who contemplated an exercise program (Table 10).
Nevertheless, there is evidence for improved glucose tolerance in
athletes and also evidence that both fasting and postprandial blood
glucose can be reduced in NIDDM (26,27). The immediate advantage
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Table 10
Summary of N1H Consensus Conference Position on Exercise

1 Effect on metabolic control is small

2 May benefit coronary heart disease — but no evidence

3 Body fat reduction far outweighs “putative” benefits of exercise

4 May cause increased caloric intake, sudden death, retinal detachment, vitreous
haemorrhage

5 Thorough medical examination required

6 Effects short-lived

7 Needed for a lifetime

Table 11
Summary of apaA Position on Exercise

1 Exercise should be taken regularly every day
2 Aerobic exercise is best
3 If >30y of age or >10y of diabetes, should obtain a physician’s approval

4 Benefits for diabetes: NIDDM IDDM
a. Cardiovascular X X
b. Weight maintenance X X
c. Blood lipids X X
d. Blood glucose X

in terms of overall glycaemic control is less clear in poorly controlled
diabetics whose glycaemic control may be worsened. Furthermore,
in patients taking insulin, the increased blood flow during exercise
may increase insulin mobilization from the injection site. This, and
increased sensitivity to the action of insulin, may precipitate hypo-
glycaemia. Despite these potential drawbacks, it seems imprudent to
dismiss the value of regular exercise tailored to the individual needs
and abilities of the diabetic. This is especially so because it is advocated
in the non-diabetic population as an adjunct to diet in the control of
obesity, as a prophylactic measure for the prevention of cardiovascular
disease, and as a means of enhancing the retention of calcium and
the maintenance of bone mass (28). With these points in mind and
with specific cautions, the Apa statement endorsed the use of exercise
(Table 11).

Conclusions
The differences between the conclusions of the recent apa guidelines

for the dietary management of diabetes, which are supported by most
major Western Diabetes Associations, and those of the recent NIn
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Table 12
Diet and Exercise in the Management of Type 2 Diabetes: Differences between
N1H and apa Recommendations

NIH ADA
Weight loss ++++4+++ + + (but 20% of type 2 are
not overweight
Lifestyle change Ineffective + + (with follow-up + +)
Diet: Dietary Not convinced Soluble + +
fibre (? soluble if patient
thinks necessary)
Glycaemic Too variable; no Principle useful; not
index mixed meal effect. ready for detailed exchange
Not recommended. change yet.

Consensus Conference (Table 12) highlight the changes in thinking
about the diabetic diet and the need for further research.

The diabetic diet is becoming a high carbohydrate diet. Although
there is a broad measure of agreement on this issue, there still remains
some debate (29). The nature of the carbohydrate in the diabetic diet
is a matter of greater controversy (30), but higher fibre and low gly-
caemic index foods offer some hope of filling the caloric void left by
the reduction of saturated fat. The fat is reduced to lower blood lipids
and to minimize the risk of cardiovascular disease. At the same time,
protein is held at a relatively low level to meet requirements at about
0.8 g/kg, but higher intakes are not recommended because of concerns
over its possible effect in exacerbating pre-existing or incipient renal
damage. It is agreed that reduction of weight is very important in
those diabetic indivuduals who are overweight, since this may reverse
the metabolic abnormalities of Type 2 diabetes (31). Exercise still ap-
pears a useful way to limit positive energy balance providing that
energy intake is also reduced or held constant. At the same time,
exercise may have possible independent benefits in terms of cardio-
vascular disease and bone and calcium metabolism. The use of omega-
3 fatty acids in diabetes remains to be clarified as does the use of
fructose to replace sucrose.
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Individual Susceptibility to
Obesity in Response to
Dietary Factors

By no means is there a simple relationship between nutrient energy
intake and body fat content. Indeed, wide interindividual variations
exist as to the quantity of nutrient energy that contributes to the
development of obesity (1-6). Variability persists even after relating
intake to estimates of energy expenditure in the form of physical
activity. While studies of monozygotic twins, including those reared
by adoptive parents, indicate strong genetic factors for the develop-
ment of adiposity (including the thermic response to food, even after
physical training) (7-9), some dissimilarity might still occur because
of unequal distribution of cytoskeletal elements during cleavage of
the zygote.

The first part of this paper will describe meal patterns and com-
position which may facilitate the development of obesity. Then func-
tional and proliferative abnormalities of adipocytes and their
precursors, which may also contribute to adiposity, will be discussed.
Then the issue of facultative diet-induced thermogenesis will be ad-
dressed, and whether its depression might predispose to the devel-
opment of obesity. Finally, I shall present a new hypothesis, based
on energy transductions, whose interindividual disparities would ex-
plain differing susceptibility to adiposity. This hypothesis does not
include dissimilarities in thermogenic responses.

Influence of Meal Pattern

For the same quantity of nutrient energy, certain patterns of eating
result in disproportionate deposition of triglyceride in fat tissue. A
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few large meals are more adipogenic than frequent small ones (nib-
bling) (4,5,10). The most unhealthy, but common pattern, involves
scanty or no breakfast and lunch, in the face of a large supper (fol-
lowed by very limited physical activity). Such a “fasting-refeeding”
cycle is associated with particularly high activity of lipogenic enzymes
during the refeeding phase, and a shift in the circadian rhythm of
hormones regulating triglyceride storage, e.g. insulin (10). These facts
have therapeutic implications, as well as the indication that programs
of physical activity lead to eating patterns more appropriate for the
prevailing energy requirements (4,5). Of course, exercise imparts mul-
tiple beneficial metabolic effects including attenuation of the insulin
resistance in the obese, an effect that may bear significance to the
subsequent discussion on facultative thermogenesis.

Influence of Dietary Composition

For the same quantity of nutrient energy, moreover, the composition
of the food determines partly how much triglyceride is stored. In
particular, high-fat diets lead to disproportionately high deposition
(4-6,11). First of all, the energy cost, i.e. the number of kjoules,
required to process dietary fatty acids to adipocyte triglyceride is low
(3% compared to 23% when dietary carbohydrate is converted to lipid
by de novo synthesis) (5,6). Relatedly, dietary fatty acids (mainly as
components of triglycerides) can be incorporated rather efficiently into
adipocyte triglycerides through the key action of lipoprotein lipase
on plasma chylomicrons (4). Adipocyte lipoprotein lipase activity is
especially high in response to a high-fat diet, partly as a result of
stimulation by the responsive intestinal hormone, “glucose-depen-
dent insulinotropic polypeptide” (GIp) (12).

Lipoprotein Lipase

In addition to physiological responses involving lipoprotein lipase
activity, genetic abnormalities of its regulation may be pathogenic in
some types of obesity. Not only is basal adipocyte lipoprotein lipase
activity increased, but it is elevated further after weight loss, even
when it is maintained (13). Assuming that it is correct that this lipase
is rate-confrolling for triglyceride accretion, such augmented assimi-
lative power, which may have contributed to the development of
obesity originally, would also favour weight regain. Regional varia-
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tions of lipoprotein lipase function might also contribute to more lo-
calized forms of adiposity such as “abdominal obesity.”

Exaggerated Preadipocyte Growth in
Massive Obesity

The possible “constitutive” expression of lipoprotein lipase may reflect
the existence of abnormal clones of adipose cells in obesity. We have
found that adipose tissue from the massively obese contains clones
of preadipocytes that in culture proliferate and differentiate exces-
sively (4,14-16). This phenomenon persists through subcultures,
when there is no direct influence by in vivo factors. Such inordinately
high growth and maturation might explain the adipocyte hyperplasia
characteristic of massive obesity. We have also adduced evidence for
the production of paracrine/autocrine trophic proteins by preadipo-
cytes from the massively obese (4,17,18). These growth factors, which
are partially estrogen-dependent, may be responsible for the vast
expansion of fat tissue in morbid adiposity, allowing it to enlarge
progressively with some autonomy, i.e. independent from circulating
principles.

Mature fat cells cannot replicate. We have reported, however, that
such cells are able to revert to replicative forms similar to preadipo-
cytes (4,19). Further, mature cells from the massively corpulent have
retained the “memory” of their origin because, upon reversion, they
proliferate excessively (16). We have thus discussed that while sus-
tained compliance to appropriate eating and regular exercise may lead
to a decrease in the total number of mature adipocytes, cycles of
adherence and relapse might be worse than stable adiposity (4,16).
Indeed, reversion would lead to cells which are genetically susceptible
to exaggerated replication and differentiation, under appropriate en-
vironmental triggers. Then each cycle of compliance and relapse
would lead to a progressive increment of mature adipocytes accom-
modating the immense triglyceride storage of massive corpulence.

The described celiular and biochemical hyperfunction has almost
certainly a genetic basis (4). Individual variations in the complement
of rapidly developing and metabolically overactive preadipocytes
might explain differing susceptibility to obesity in the presence of
similar nutrient energy availability. Differences in clonal composition
could then account for varying vulnerability without necessarily hav-
ing to invoke disparities between the lean and the obese in such
possible adaptive responses as diet-induced thermogenesis.
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It should be emphasized that, under conditions of sustained energy
overload, relative to a particular subject, only a small fraction of the
population develops massive corpulence (> 170% of reference body
weight or body mass index > 37 kg/sq m). (While genetic factors are
almost certainly operative, it is not known whether the cellular re-
sponse is primary, or an epiphenomenon related to a more proximate
abnormality.) The majority develops moderate obesity (body weight
120-170% of reference or body mass index 25-37), which features
enlarged fat cells, but a normal number. It has been suggested that
adaptive thermogenesis might be related inversely to the capacity of
adipose tissue to store triglyceride (20). Thus, the least would occur
in those massively obese persons with the greatest excess of (enlarged)
adipocytes. Towards the other extreme would be the small fraction
of the population remaining lean despite sustained energy overload.
According to this proposal, these individuals would have rather high
degrees of adaptive thermogenesis. At the pathologic extreme, gen-
eralized lipoatrophy, even small nutrient intake beyond maintenance,
results in pronounced hypermetabolism, a finding consistent with,
but not proving the limiting role of triglyceride storage for facultative
energy dissipation (5,6).

Important Questions in Bioenergetics

In the field of nutritional bioenergetics, critical issues still requiring
resolution include:

1 In addition to the formal energy cost of nutrient absorption, me-
tabolism, and storage, are there mechanisms for energy utilization
and dissipation in response to eating, e.g. Luxuskonsumption or
the facultative component of diet-induced thermogenesis? This
process could also be described as heat release not accounted for
by obligatory functions, beyond the efficiency of the systems, and
in the absence of net chemical synthesis, or biomechanical work.

2 Should such facultative mechanisms exist, where and how do they
operate?

3 Are there individual differences in facultative thermogenesis, and
are these responsible for the development of at least some types of
obesity?

I would also postulate a novel mechanism for energy utilization,
and propose that individual variations in this response, which does
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not depend on external losses of energy, account for differing sus-
ceptibility to the development of obesity. This hypothesis will be
discussed later.

The Question of Facultative Diet-Induced Thermogenesis

A number of studies have suggested the existence of facultative diet-
induced thermogenesis in human subjects, while a number of inves-
tigations have not revealed this process (5,6,21). Most investigators
observing it have suggested that its main site is brown adipose tissue
(5,6,22). The question whether brown adipose tissue is of any sig-
nificance in humans after infancy is still unresolved (s,6,23). The
uncoupling protein (“thermogenin”) has recently been found in cer-
tain human adipose depots (24). It is considered to be unique to brown
adipose tissue, but is it? There is also renewed interest in substrate
(“futile”) cycles in skeletal muscle, which according to recent work
could account for an appreciable portion of facultative diet-induced
thermogenesis (5,6,25,26).

Hypothalamic stimulation of sympathetic nervous system path-
ways plays a major role (5,6,22). Indeed, catecholamines acting
through beta-1 receptors appear to be the major positive hormonal
effectors in brown adipose tissue (5,6,22). It is probably relevant that
high glucose diets or highly palatable diets containing sufficient quan-
tities of sugars, augment appreciably facultative thermogenesis (in
the presence of appropriate insulin action), probably through stim-
ulation of sympathetic nervous system activity (5,6,22). The latter is
promoted much less by high-fat diets, which also result in much less
facultative thermogenesis. L-triiodothyronine (T3), the biologically
most potent thyroid hormone, is of course required for optimal beta-
catecholamine action, and in brown adipose tissue it may have a
synergistic effect on facultative thermogenesis (5,6,22). T5, moreover,
appears to be particularly important in accelerating substrate cycles
(5,6,26).

A number of studies have suggested that facultative diet-induced
thermogenesis is depressed in obese subjects, while a number of
investigators did not observe a difference from the lean (5,6,21,22,23).
Studies suggesting a depression have included influences of specific
diets and catecholamine infusion. In addition, the accentuation of the
thermogenic effect of exercise by a meal was dampened or abolished
(5,6). Obese subjects with insulin resistance sufficient to contribute
to the development of non-insulin-dependent diabetes apparently
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provide the best example of depressed facultative diet-induced ther-
mogenesis (5,6,27,28). Thus, effective insulin action is also required
for this thermogenic response. The interpretation of all these studies
is made more difficult because the obese actually have a higher resting
metabolic rate per lean body mass, and the total energy expenditure
during eating is also augmented, partly because of the energy cost
associated with this mass and the overall enlargement of the body
(21).

It should be emphasized that, for any mechanism of impaired en-
ergy expenditure, only a small (i.e. 3-10% inequality at a given energy
load), but sustained difference between two subjects can lead to obe-
sity in one, but not the other.

Hypothesis Based on Interactions Between Cytoskeletal Function
and Triglyceride Accretion

My novel hypothesis has been reported recently (4,29). It is based on
the concept that individuals vary in the degree of their cellular bio-
mechanical functions (e.g. cell movements, membrane ruffling, ciliary
lashes), which are mediated by microfilaments, microtubules, and
other components of the cytoskeletal matrix. This individual varia-
bility would have a strong genetic basis, but other factors, including
neural and endocrine influences, would have a modulating role. The
second main feature of the postulate is that a substantial portion of
the energy that is not used for the biomechanical processes is trans-
duced to chemical storage, predominantly as adipocyte triglyceride
(4,29).

At one extreme of the variations is massive (morbid) obesity. Ac-
cording to the hypothesis, cellular biomechanical activity would be
least in this state, leaving the most energy for eventual storage as
adipocyte triglyceride (4,29). The excessive complement of adipocytes
characteristic of massive corpulence accommodates the vast lipid
stores. These would be the subjects most vulnerable to the devel-
opment of pronounced adiposity. At the other extreme are individuals
who are inordinately thin, in the absence of illness. Their cells would
have the highest degree of biomechanical activity, and the least energy
left over for chemical storage, with the lowest propensity to obesity.
Between the two extremes would be an almost infinite variation, with
a reciprocal relationship between level of biomechanical activity and
deposition of adipocyte triglyceride, with corresponding susceptibil-
ities to varying body fat contents at the same energy load. While the
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extremes might be due to specific mutations of genes encoding for
proteins involved in cytoskeletal functions, the intervening variation
may be caused, at least partly, by genetic polymorphism (4,29).

The unique aspect of the hypothesis is the individual variation in
energy utilization for cellular biomechanical functions, its genetic basis,
and the secondary nature of triglyceride deposition. Since all these
processes and interactions (including lipid processing and accretion)
proceed at a certain efficiency, any measured thermogenesis would
represent a composite, and would not necessarily distinguish between
utilization for biomechanical processes from anabolic functions. A
fundamental feature of the hypothesis is the internal energy transduc-
tion.
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Diet and Kidney Disease

The goals of therapy of chronic renal failure before the patient must
be treated by dialysis or transplantation are: first, to minimize mineral
and electrolyte disturbances; second, to lower or reduce the pool of
accumulated waste products; third, to maintain adequate protein nu-
trition; and, fourth, to retard or, in some cases, halt the progression
of renal insufficiency. The three latter goals will be discussed in this
article.

Principles of nutritional biochemistry led us to use low-protein
diets, and our results indicate that this type of therapy can be used
safely and can have a major impact on the course of disease, at least
for some kidney failure patients. When normal subjects or patients
with kidney disease eat foods containing protein, the protein is broken
down into essential and non-essential amino acids. Essential amino
acids are those amino acids which must be provided in the diet. It
they are not provided then protein synthesis cannot proceed nor-
mally, resulting in negative nitrogen balance and ultimately wasting
of lean body mass. In contrast, the eleven non-essential amino acids
can be synthesized by humans and it is not necessary to provide them
in the diet.

Amino Acid Metabolism
Amino acids derived from dietary protein have two fates. First, they

are catabolized to waste products as follows: the alpha-amino group
is removed by transamination, leaving the ketoacid and ammonia,
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which is converted to urea; the carbon skeleton or ketoacid of the
amino acid is metabolized to carbon dioxide and water or reutilized
to form the amino acid. Urea must be excreted by the kidney. Me-
tabolism of foods containing protein also yields phosphorus, hydro-
gen, potassium, sodium, sulphate, plus other nitrogenous waste
products. Likewise, if negative nitrogen balance is present, break-
down of body protein gives rise to these same waste products, which
must be excreted by the kidney. Therefore, impaired kidney function
and failure to excrete urea and other waste products will lead to a
build-up of waste products in body fluids and cause symptoms of
uremia.

Low-Protein Dietary Therapy

To limit the accumulation of waste products and reduce symptoms
of uremia, Giordano gave patients with severe kidney failure a diet
containing only about 2 g of essential amino acids (1). With this very
low level of dietary protein, the production of all waste products,
including urea, was sharply reduced, but the patients remained in
negative nitrogen balance for many weeks. Giordano proposed that
uremic patients, like starved individuals, would be able to utilize
protein more efficiently and achieve nitrogen balance after 6—7 weeks.
He showed that when dietary protein is reduced to very low levels,
the accumulation of waste products decreases and uremic symptoms
improve, but overly severe restriction can lead to wasting of lean body
mass.

With these very low protein regimens, wasting was so serious that
most investigators disregarded low-protein dietary therapy, and this
field of investigation was somewhat neglected. About ten years later,
Kopple and Coburn re-examined dietary requirements in a study of
eight patients with only about 10% of residual kidney function (2).
In the first period, they gave patients about 40 g of protein per day,
which represents the average daily protein requirement of normal
subjects. Patients with kidney disease, like normal subjects, were in
neutral or mildly positive nitrogen balance with this amount of pro-
tein. Patients were then switched to a modified Giordano diet; protein
intake was about one-half of the daily requirement or about 20 g
protein per day. In every case, nitrogen balance was worse and one-
half of the patients experienced negative nitrogen balance. Over pro-
longed periods this would lead to wasting of body proteins. Thus,
patients with kidney disease seem to have the same protein require-
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ments as normal subjects and if they are given an adequate amount
of protein they should be able to maintain lean body mass. Occa-
sionally, this quantity of dietary protein produces excessive accu-
mulation of nitrogen waste products.

We attempted to design a diet containing less than the normal
required amount of protein because some patients with severe kidney
disease will develop uremic symptoms at 0.6 g protein/kg/day. We
decided to take advantage of the normal metabolism of amino acids.
Since the initial step in amino acid breakdown is to remove the alpha
amino group (i.e. transamination) to form ketoacids, we administered
ketoacids to reverse the reaction and augment essential amino acid
production. The chemical formulae of the ketoacids show that they
are simply the carbon skeletons of essential amino acids without the
amino group. They are not given as free acids, but as neutral salts.
L-lysine and L-threonine are not used because they do not undergo
transamination reactions, and must be supplied as amino acids. In
the conversion of exogenous ketoacids to amino acids, nitrogen from
non-essential amino acids is used, resulting in the formation of non-
essential ketoacids. The latter compounds are converted into carbon
dioxide and water but not nitrogen waste products. Fortunately, the
transaminase reaction can occur in virtually every tissue, including
muscle, heart, gut, liver, and brain (3,4).

Keto Acid Therapy of Uremia

Initially, we gave uremic patients ketoacid mixtures that were based
on the essential amino acid requirements of normal subjects. How-
ever, plasma levels of amino acids in kidney patients are abnormal;
histidine, alanine, phenylalanine are in the normal range, but certain
amino acids, especially those containing sulphur, are very high. On
the other hand, most of the essential amino acids are subnormal.
Unfortunately, the cause of these abnormalities is not completely
understood. The conversion of phenylalanine to tyrosine is inhibited
in patients with kidney disease, and this could explain why phe-
nylalanine is normal and tyrosine is low. Regardless, we decided to
give tyrosine as if it were an essential amino acid, and eliminated
phenylalanine or its ketoacid from the more recently designed sup-
plement. Branched-chain amino acids are invariably low in patients
with kidney disease; in experimental animals these amino acids are
oxidized at an accelerated rate in muscle, presumably because acidosis
activates the enzyme that causes their degradation (5,6). Finally,
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serine is synthesized predominantly in the kidney, so if kidneys are
damaged, serine could be subnormal. The new ketoacid supplement
was designed to correct abnormalities in amino acid pools. Tyrosine
was provided, the amount of methionine was reduced sharply, and
the amounts of branched-chain ketoacids and threonine amounts
were increased.

An imbalanced mixture of essential amino acids such as in this
supplement could cause negative nitrogen balance. To test for this
effect, patients were admitted to hospital and given the same amount
of protein as they were eating at home, an average of 66 g, well above
their minimum daily protein requirement. Nitrogen balance was neu-
tral on these nutrients and did not change significantly when they
were given only 0.3 g protein/kg/day plus the new supplement (7).
Maintenance of nitrogen balance while in the hospital satisfied two
goals. First, the accumulation of waste products was reduced, since
dietary protein was halved; second, nitrogen balance indicated that
the regimen was nutritionally adequate, at least for a brief period. It
also appears to be adequate for long-term therapy. In a group of
patients treated with long-term therapy, the average values of serum
albumin and serum transferrin were with:n the normal range before
therapy. After four to six weeks, there was a small, but statistically
significant, improvement in both albumin and transferrin, and this
improvement was maintained over one year of therapy. There also
was no loss of weight (8). Thus, we had both short-term evidence
that this therapy could maintain nitrogen balance and long-term evi-
dence that patients maintained their weight and normal values of
serum albumin and transferrin.

To assess compliance, we measured the products of ketoacids in
blood in random blood samples to determine if patients were taking
the supplement.

To measure dietary protein, we took advantage of the nitrogen
balance equation: nitrogen balance is equal to nitrogen intake minus
the urea nitrogen produced each day, minus the amount of non-urea
nitrogen excreted each day. Urea production is emphasized because
of its linear relationship with protein intake (9,10). Patients were stud-
ied at protein intakes from as low as 12 g per day to 94 g of protein
per day. As protein intake was increased, nitrogen balance did not
improve, but there was a linear and predictable increase in the amount
of urea produced. What about excretion of non-urea nitrogen? The
components of non-urea nitrogen, fecal nitrogen and the nitrogen
contained in urinary creatinine, uric acid, and unmeasured nitrogen
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and their sum was measured by Maroni et al. (10). Values for renal
patients eating either the ketoacid regimen or different amounts of
protein (up to go g per day) had scarcely any difference in non-urea
nitrogen excretion. In the literature as well, patients studied at dif-
ferent levels of dietary protein from almost 200 g to 12 g per day had
little variation in non-urea nitrogen excretion. The average value we
found was 31 mg N/kg/day. In practical terms, we knew how much
the patient should be eating because it is prescribed. A 24-hour urine
is collected and its urea nitrogen content, the patient’s blood urea
nitrogen and weight are measured (the latter two to assure a steady-
state condition). The prescribed and estimated nitrogen intake are
compared and if there is a substantial difference, the patient is sent
to the dietitian to find why there is a discrepancy. Fortunately, com-
pliance is not a great problem, and in many cases nitrogen intake was
found to be less than prescribed; it is critical to monitor what the
patient is actually eating to ensure an adequate but not excessive
intake. In summary, dietary protein can be limited to decrease the
accumulated waste products while maintaining adequate protein nu-
trition. Simple methods can be used to monitor compliance to therapy.

Progression of Renal Insufficiency

The fourth goal, to change the course of renal insufficiency in kidney
disease, is in many ways the most exciting. Survival to endstage renal
failure requiring dialysis or transplantation varies widely (11). In a
study from Scandinavia, about 50% of 143 patients with an initial
serum creatinine of 5 mg/dL (about 15 to 20% of residual kidney
function) required dialysis therapy after 10 to 12 months. Data from
132 Mayo Clinic patients with an initial serum creatinine concentration
of 10 mg/dL (less than 10% of residual kidney function) indicated that
half would require dialysis after 6 to 8 months. Finally, three patients
from Missouri, with an initial serum creatinine of 10 mg/dL, had a
poorer prognosis; 50% required dialysis after only a few months.
Unfortunately, such data are of limited value for an individual patient;
the patient wants to know whether he or she is moving rapidly or
slowly towards dialysis. To devise a simple method of determining
how fast a patient is progressing towards dialysis, we found that a
plot of the reciprocal of serum creatinine concentration versus time
for an individual patient is remarkably linear (12). When the rela-
tionship is linear, the effects of therapy can be observed by deter-
mining if the slope of the line changes. This finding also gives insight
into the nature of kidney disease (11). After initial damage, glomerular
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filtration or creatinine clearance declines linearly, i.e. is lost at a con-
stant rate until dialysis (11). The loss of renal function can be ap-
proximated by plotting the reciprocal of serum creatinine versus time.

It is important to follow the course of individual patients. Even
patients with the same type of kidney disease have enormous vari-
ability in the rate at which they lose kidney function (11). This prob-
ably explains the apparently poorer outlook of the smaller group of
patients in Missouri; with small numbers of patients, it is possible
that the average value is skewed by patients progressing rapidly.

What has been done to change the progressive nature of kidney
disease and how does it impact on nutrition? There have been three
dietary regimens used to delay the progression of kidney failure (13).
The first limits protein intake to 0.6 g protein/kg/day, and a high caloric
intake is used to increase efficiency of protein utilization. The diet
also will decrease phosphorus intake because phosphorus is associ-
ated with proteinaceous foods. A supplement of B vitamins is given
to prevent water-soluble vitamin deficiency. The other two diets are
similar; they limit protein intake to about 0.3 g/kg/day, or half of the
minimum daily requirement. With these two regimens, the types of
protein eaten are unimportant, because essential amino acid require-
ments are met either by an essential amino acid supplement or a
ketoacid supplement. Caloric intake is high while phosphorus intake
is reduced further and a B vitamin supplement is given. With all three
regimens, a creative dietitian must work with the patient closely to
vary the diets.

What are the results? Recall that 50% of patients with an initial
serum creatinine of 5 mg/dL progress to dialysis over 10 to 12 months.
In contrast, 27 patients identified as having a serum creatinine of
about 5 mg/dL were treated with 0.6 g protein/kg/day to reduce phos-
phorus intake and combat secondary hyperparathyroidism. Over al-
most 27 months there was no significant change, on the average, in
serum creatinine. This would be entirely unexpected, based on the
data of patients eating unrestricted diets in Scandinavia (11). More
recently, Maschio et al. fed a low-protein diet containing the minimum
daily requirement to 20 patients for 30 months. There was no change
on the average in their serum creatinine concentration of 4 mg/dL,
although individual patients did progress. They also studied a control
group who had a statistically poorer outcome while eating unre-
stricted diets.

What about the more stringent, supplemented regimens? There
have been few studies of the essential amino acid supplement, but
Alvestand et al. treated patients with a predictable loss of renal func-
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tion, plotted as the reciprocal of serum creatinine versus time. When
the patients reached an average serum creatinine of about 9 mg/dL,
therapy was begun and some patients had marked slowing of pro-
gression.

Regarding the ketoacid regimen, we and others have had consid-
erable success (13). To summarize our experience, we found that if
patients began therapy before serum creatinine had reached 8 mg/
dL, virtually all had stabilization of kidney function (8). If therapy
began after serum creatinine was at that level, then stabilization of
function occurred rarely.

These results leave the following questions: first, which patients
will respond to dietary manipulation? Are there specific diseases that
will respond better than other diseases? Is there a degree of renal
insufficiency beyond which diet therapy is of no use? Secondly, are
there differences between the dietary regimens in terms of achieving
long-term compliance? We have treated some patients for five years,
so therapy must be acceptable for long periods of time. Are there
differences in the dietary regimens in terms of maintaining adequate
protein nutrition? Finally, are there differences among the regimens
in achieving stabilization of kidney function? Future studies involving
large numbers of patients in carefully controlled studies will provide
answers to these important questions relating to the nutrition of pa-
tients with progressive renal failure.
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The Role of Diet in the
Maintenance of Health
throughout Life

“You are what you eat” is a popular saying. Perhaps it has greater
relevance than many modern health professionals are prepared to
accept. As early as 1799, Easton wrote a volume, Longevity, in which
he presented biographical data on individuals who lived to the age
of 100 years or more (1). What these centenarians appeared to have
in common was that they tended to eat rather sparingly and were
physically active.

Modern man in the developed countries of the post-industrial age
is probably more sedentary in his lifestyle than any of his forebears.
In addition to his levels of activity, the composition of modern man’s
diet is much different from what it must have been throughout most
of his history as a species. Depending on his habitat, prehistoric man
may have been predominantly a hunter or a gatherer. In environments
conducive to hunting, meat consumption was relatively high. Despite
the varying proportions of meats and plants in his diet, prehistoric
man was not a consumer of a high-fat diet. At least half of the diet
of early Homo sapiens is believed to have consisted of plant sources,
including fruits, nuts, grains, and greens.

Unlike domesticated animals, the wild game consumed by Palaeo-
lithic man, such as deer, bison, and horses, was lower in fat than
modern meat (3.9% vs 25-30%). Per unit weight, the meat of Pa-
laeolithic range animals was lower in total calories, but five times
higher in polyunsaturated fat (2). Late Palaeolithic man probably ate
a diet with only about 20% of calories from fat, but one that was
relatively rich in polyunsaturated fats.
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Eating habits emphasizing a low-fat diet can be seen even among
the hunter-gatherers of today. The Hadza of Tanzania or San of the
Kalahari generally have a diet in which 50-80% of the food (by weight)
comes from plants (2,3). Estimates from the Food and Agriculture
Organization of the United Nations indicate that half of the people
in the world eat diets from which less than 25% of the calories come
from fat (4).

The Tarahumara Indians of Mexico live on a simple diet of corn
and beans that is low in fat and cholesterol and high in complex
carbohydrates, yet it is nutritionally adequate. When cholesterol ab-
sorption and sterol balances were studied in this population by feed-
ing eight men a cholesterol-free diet for three weeks followed by a
high-cholesterol diet for three weeks, their mean plasma cholesterol
levels increased about 30%, from 113 mg/dl to 147 mg/dl. Cholesterol
biosynthesis decreased during consumption of the high-cholesterol
diet. Compared with other people, the Tarahumaras have a reduced
ability to absorb dietary cholesterol. They have a higher total sterol
turnover, probably because of an increased bile acid output (5).

To see the effects of low-fat diets, we are not limited to studies of
prehistoric man or populations in distant lands. Right in our midst
we have a subset of vegetarians called vegans who eat no animal
products — no meat, dairy products, eggs, or fish. Unfortunately, we
do not have sufficient knowledge of their morbidity or mortality. We
might assume, however, that their “improved” diet could produce
even greater health benefits than those we see among non-vegan,
Seventh-Day Adventists who, by not eating meat, have slightly lower
blood lipid levels despite their relatively high consumption of dairy
products (6). Seventh-Day Adventists also live an average of six years
longer than other Americans. Their longevity may also be explained
by their alcohol- and tobacco-free lifestyle (7).

In our current study of a vegan Seventh-Day Adventist community
in New Jersey, preliminary findings of 30 members, aged 8—38 years,
show that they consume a relatively low-fat diet with a high propor-
tion of polyunsaturated and monounsaturated fatty acids. Blood lipid
analyses indicate very high HDL (average = 50 mg%) and low total
serum cholesterol levels (average = 131.6 mg%). Three children aged
8, 11, and 12 who were born into the community had cholesterol
levels of 102, 108, and 110 mg%, probably close to the optimal levels
of serum cholesterol in children (American Health Foundation, stud-
ies in progress, 1987).



FOR REFERENCE PURPOSES ONLY

Health throughout Life 143

The question we need to ask is what is the optimal diet that is
conducive to the avoidance of illness and permits youthfulness
throughout a long life.

Heart Disease

The effect of diet on heart disease is particularly well-documented (8).
Even for this relatively strong relationship, we still hear debates on
the significance of diet in determining serum cholesterol levels and
how these levels affect heart disease.

Currently, heart attacks are not among the ten leading causes of
death in China, where the average cholesterol level in urban and rural
populations in cities is about 160 mg% and 150 mg% respectively
(personal communication, Haozhu Chen, Shanghai Institute for Car-
diovascular Diseases). There is no doubt that a high level of serum
cholesterol (especially in the form of iLpL), as shown in the Fra-
mingham Study, is the key risk factor for cardiovascular disease.
It is the optimum level of total cholesterol, as contrasted with the
average found in Western populations, that we need to attain (Fig-
ure 1).

Cardiovascular disease risk appears especially high if the dietary
P/S ratio is low. For instance, in Finland, the country with the highest
rates of myocardial infarction, the P/S ratio is about 0.15 (4) versus
about 0.45 in the United States.

As shown for the Tarahumara Indians, there is an interaction be-
tween genetic predisposition to respond to lipid intakes and actual
dietary lipid consumption. Among people with no genetic defects in
lipid metabolism, only a small proportion of blood lipid levels is de-
termined primarily by genetic factors (9). In the majority of cases, the
level depends on the amount of fat in the diet, particularly the amount
of saturated fat and cholesterol.

Figure 1 shows the optimal levels of cholesterol for both youth and
adult populations. These values are different from those recom-
mended by the NIH Consensus Conference (10), which suggested
that individuals aged 20~29 are at moderate risk above 200 mg%, from
30-39 at 220, and from 40—49 at 240. Recommendations of a recent
European conference on atherosclerosis (11) dealing with the same
issue defined adults at risk if they were over 200 mg%. In establishing
public health policy, the roles of LbL and HDL cholesterol or of other
blood lipids are secondary to that of total blood cholesterol. If our
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ADULTS Ideal mean 160 mg/d|
Feasible mean 190 mg/dl
Existing mean 210 mg/dl

100 150 200 250 300
Total serum cholesterol, mg/dl

Ideal mean 110 mg/dil
Feasible mean 140 mg/dl
Existing mean 160 mg/dl

0 100 150 200 250
Total serum cholesterol, mg/dl

Figure 1. Ideal, feasible, and existing total serum cholesterol levels in adults (top) and
in youths, age 5-18 (bottom). These idealized, smoothed curves portray, on the right
hand, the present distributions of total serum cholesterol found in sampled 1.5. pop-
ulations. The middle curves represent distributions believed feasibly obtainable by a
continuation of current changes in U.S. eating patterns over the next ten years. The
left-hand curves are those thought ideal with respect to freedom from a large population
burden of atherosclerotic diseases. These curves also display the phenomena that
skewness and the relative excess of individuals having high values tend to diminish
as the population mean is lowered. (Reprinted with permission from Prev Med
1979;8:612-678.)

entire population had serum cholesterol levels below 120 mg% as
children and 160 mg% as adults, coronary heart disease would prob-
ably be as rare as it was in this country early in this century or currently
is in China.
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Figure 2. Animal studies: tumor enhancement as a function of % of linoleic acid in a
type of fat.

Diet and Cancer

High-fat diets are also associated with several major types of human
cancer. Dietary lipids, other than cholesterol, appear to be the main
culprits (12,13). Animal studies show that dietary fats play an im-
portant role as tumor enhancers — an enhancement that seems to
depend on the percentage of linoleic acid contained in the diet (14,15)
(Figure 2). Judged on the basis of animal work, the major risk seems
to be associated with polyunsaturated fats within the context of a
certain minimal level of total fat. There is a lower risk associated with
saturated fats, and no increase in risk noted for monounsaturated fats
(13-16).

In addition to evidence from laboratory animal experiments, several
sources of evidence indicate that cancers of various sites, notably
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Table 1
Methods of Study in the Etiology of Cancer

1 Epidemiology
a. Geographic pathology
b. Special populations
c. Time trends
2 Laboratory studies
a. Metabolic and biochemical epidemiology-population studies
b. Model studies in animals
c. Model studies in cell and organ cultures
d. Definition of mechanisms
3 Development of hypotheses
a. Established risk factors and their mode of action
b. Suspected risk factors and their possible role

breast, colon, and prostate, may relate to nutritional excesses, par-
ticularly high dietary fat intake. The types of evidence are summarized
in Table 1. Correlations based upon geographic distribution relating
dietary fat to breast cancer are striking, although we recognize that,
by themselves, correlations do not prove association. These correla-
tions, however, are supported by migrant studies showing that rates
of breast cancer among Japanese living in the United States are greater
after migration (17). This is also true for cancers of the prostate, colon,
ovary, and endometrium, as well as for cardiovascular disease and
diabetes (18,19). These findings are consistent with those from met-
abolic studies on risk for colon cancer that show that the pattern of
bile acid metabolites (compounds proposed to affect colon cancer risk)
found in stool is strikingly different in high-fat and low-fat diets as
well as low- or high-fibre diets, which also affect the stool bulk as a
diluent of colon carcinogens and promoters (20).

Many studies depend on dietary records to assess the role of diet
on disease status. The epidemiologic method entailing the most dif-
ficulty in using dietary assessment tools is case-control studies that
attempt to relate retrospective assessment of diet with current disease.
In both prospective and retrospective settings, dietary assessments,
including multiple dietary records, 24-hour dietary recalls, and food
frequency questionnaires are, at the very least, very imprecise. Within
homogenous populations, such imprecision poses severe obstacles to
detecting diet/cancer relationships (21). Despite difficulties in assess-
ing true dietary exposure, many conclusions are drawn on the basis
of such data.
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Figure 3. Dose-response effects of dietary fat.

In a recent report from a large-scale prospective study, Willett et
al. (22) concluded that among nurses, 80% of whom had a dietary fat
intake between 32 and 44% of calories as fat, no differences were
noted in breast cancer risk. Diet was assessed by a semi-quantitative
food frequency questionnaire. This assessment technique, even if it
includes everything eaten, would be sufficiently imprecise in terms
of type of food, quantity of food, and methods of food preparation
to call for considerable caution in interpreting study results. Further-
more, the questionnaire might not accurately reflect patterns of food
consumption early in life, e.g. 10 or 20 years prior to recalling diet,
a time that may be of greater importance for the etiology of breast
cancer than the more recent past.

Interpreting the results of this or any study requires extreme caution
when extrapolating beyond the range of available data (i.e. below
30% of calories as fat). On the basis of animal studies (23), the results
for intakes of 10% and 20% of calories as fat are the same, as are
those for 30% compared with 40%, indicating a plateau effect between
20% to 30% of calories as fat (Figure 3). As for the animal experiments,
ecological evidence relies on the use of a wide range of calories-as-
fat values. The Willett et al. study (22), however, included very few
individuals consuming less than 30% of total calories as fat. As the
authors readily admit, their study could not draw conclusions con-
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cerning the effects of a very low (20%-of-calories-as-fat) fat diet on
breast cancer risk.

Micronutrients

Deficiencies in micronutrients have been implicated in the etiology
of various cancers. The key issue is to determine the optimal intake
of each nutrient for each age group within a largely sedentary pop-
ulation.

The effect of micronutrients on cancer risk is more uncertain than
for macronutrients. Most of the early work in nutrition was conducted
on deficiency diseases. Therefore, decisions regarding micronutrient
intake for prevention of diseases are relatively straightforward. Un-
certainty about making recommendations at pharmacologic levels
arises from the difficulty in determining optimal intake to prevent
chronic diseases (i.e. cancer) and the problems of toxicity in moderate
to high doses of certain micronutrients.

Some information on the effect of pharmacologic doses of micron-
utrients is known. Increased metabolic requirements under unique
physiologic conditions, such as those for iron, folate, and calcium
during pregnancy, are known. We do, however, need to evaluate
further suggestions of “megadoses” of certain vitamins and minerals
to prevent cancer, such as those proposed by Pauling (24). We project
that in years to come, as several ongoing chemoprevention studies
are completed, we will have learned more about the preventive qual-
ities of certain micronutrients in the development of cancer and other
diseases. Currently, emphasis is being given to such micronutrients
as beta carotene, vitamins E and C, selenium, and zinc.

Application of Dietary Recommendations

Those convinced that the standard Western diet is not necessarily
conducive to optimal health have asked how best to modify both the
diet and the dietary habits of the population per se. The following
decribes some relevant activities of our Institute.

THE KNOW YOUR BODY SCHOOL HEALTH
EDUCATION PROGRAM (KYB)

Health habits are primarily initiated early in life. Our taste in foods
is, to a large extent, dependent on what we were fed in our earliest
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Table 2
First Year Cholesterol Values at Baseline, Ages 8-10
School location <120 121-149  150-169 170-184  185-200 >200
Bronx, N.Y.C. 1.28% 17.79%  28.28%  21.72%  16.15%  13.69%
N = 1084 14 195 310 238 177 150
Westchester, N.Y. 1.71% 22.11%  33.24%  17.69%  12.13%  12.84%
N = 699 12 155 233 124 85 90

Data from Walter et al. (25)

years. The American youngster learns to like peanut butter, whereas
his counterpart in Japan (perhaps more in the past) appreciates a bowl
of rice.

Since it is more difficult to reach children at home, we have de-
veloped a school health education program that ranges from kinder-
garten through high school (25). The program attempts to teach good
health habits to children.

Young children already have high cholesterol levels that can be
tracked into adulthood (25) (Table 2). Studies with six-year-olds have
shown that we can modify at least their intention to eat low-fat foods.
The question remains whether we can translate these intentions into
actual changes in behaviour. That this is possible, Walter et al. (25)
have shown in a study indicating that consumption of fatty foods and
actual blood cholesterol levels in ten-year-olds can be reduced over a
six-year period. These results might be improved if we could use an
entire school and start the program in the first grade. Aside from
benefiting from the full force of group dynamics, by doing the pro-
gram in an entire school we could influence school-wide environ-
ments such as the menu in the cafeteria.

The xyB program screens children for cholesterol, blood pressure,
and weight each year. It teaches them for 30 hours a year through
workbooks and teachers’ guides to change their health behaviour,
improve their self-esteem, and express assertiveness in a way that
will be helpful in making and carrying out appropriate health-related
decisions. Furthermore, the children receive an annual health test for
attitude, knowledge, and behaviour. School health education, in-
cluding nutrition education, should be a mandatory part of every
school curriculum. If well done, and of sufficient intensity and du-
ration, it could make a major impact on nutritional health and other
aspects of lifestyle.
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MASS SCREENING FOR CHOLESTEROL

Together with local hospitals and with the assistance of cBs-1v affil-
iates, we have undertaken a large-scale screening of blood cholesterol
levels in major cities in the United States that has led to 120,000
screenings to date (26). As to be expected, participants are relatively
well-educated, smoke less than the average population (17% are cur-
rent smokers), and are, therefore, probably more health conscious
than the general population. Even among this group, we are finding
that about one-third of screenees have levels above the optimal cho-
lesterol levels suggested by the N1 Consensus Conference (10), levels
that we consider are still too high.

At the screening, participants receive a Health Passport, a docu-
ment that, in addition to providing a Framingham-based coronary
risk score, gives succinct information on how to reduce one’s choles-
terol and fat intake. A key issue of this exercise is the potential of
changing the diet of the population. Given the tremendous burden
of cardiovascular diseases to our society, physicians should give con-
siderably more attention to dealing with elevated cholesterol levels
among their patients. In our initial study in New York City, some
70% of 300 people with high cholesterol levels who responded to a
follow-up telephone interview said that their physicians did not pro-
vide intervention advice (26). Thus, physician education in nutrition
and behavioural modification must be an important component of
the overall strategy to lower cholesterol levels in a population, pref-
erably by dietary changes or, failing that, through prescription drugs.

Mass screening for cholesterol should also be conducted at the
worksite. This practice would provide an opportunity to examine the
general workforce. In a recent screening at a worksite in New Jersey,
11 out of 208 employees had cholesterol levels above 300 mg% (per-
sonal communication, N. Haley, American Health Foundation). This
proportion is high compared with the self-selected sample found in
our city-wide screenings.

CHANGING FOOD PRODUCTS

A long-range public health strategy is required to reduce the fat and
cholesterol content of food products, particularly those we tend to
consume most often. From this point of view, we are less concerned
about shellfish than we are about whole milk, eggs, butter, and ham-
burgers. As part of this effort, we need to work towards educating
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Figure 4. American Health Foundation food plan.* Salt = 40% sodium; 1 tsp salt =
2 g sodium.

consumers to know the difference in the fat content between whole
and skim milk, cheddar cheese and low-fat cottage cheese, a porter-
house steak and a pot roast, and ice cream and sherbet. The consumer
also needs to know that frying food adds considerable fat to the meal.
We also need to encourage the food industry to reduce, wherever
possible, the fat content of their products.

The American Health Foundation food plan (Figure 4) suggests
eating more vegetables and fruits and reducing the consumption of
beef and whole-milk dairy products. In food preparation, we should
choose to broil, steam, or microwave our food instead of frying it. If
we are going to change our diet from the current 40% of calories as
fat to 20-25%, it is not only just what we do not eat that is critical
but also the extent to which we replace high-fat, low-fibre foods and
high-fat food preparation techniques with lower fat and higher fibre
foods and low-fat food preparation methods. This is a long-range
process that would lead to a society that has adopted a new taste for
low-fat, less salty, and less sugary foods. Those who have eaten a
typical Mediterranean diet on the shores of Portafino will recognize
that there are Western diets that can be nutritious as well as delicious.
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Concluding Thoughts

In the developed world, deficiency diseases are virtually non-existent.
Nutrition-related diseases in the West are now largely a consequence
of nutritional excesses. It appears that most of our dietary problems
relate to a general problem of metabolic overload. Physiclogic systems
of detoxification, packaging, and regulation cannot handle the on-
slaught of tobacco smoke to the respiratory organs, the deluge of a
heavy alcohol intake on the liver, and our excessive intake of ma-
cronutrients such as fat and cholesterol.

While we are interested in the mechanisms whereby nutritional
overloads induce disease, the history of medicine teaches us that we
do not have to understand fully the pathogenesis of a disease to
prevent it. For this reason, we must proceed to modify the diets of
our largely sedentary population to the extent that they become tuned
to their metabolic capacities.

Our slogan is that “medicine should help us to die young as late
in life as possible.” What we do about our nutritional intake and other
aspects of lifestyle will determine, to a large extent, if we can make
this saying become a reality. Our goal is medically feasible and fiscally
imperative. Perhaps man need not die from disease but simply pass
from life when the genetic time clock of biological existence has run
its predetermined course.

ACKNOWLEDGMENT

This paper was supported by grants from the Medical Research Coun-
cil of Canada, the Canadian (Alberta) Heart Foundation, and the
Alberta Heritage Foundation for Medical Research.

REFERENCES

1 Easton J. Human longevity, Salisbury. London: James Easton, 1799.

2 Eaton SB, Konner M. Paleolithic nutrition. N Engl | Med 1985;312:283—
289.

3 Gaulin §JC, Konner M. On the natural diet of primates, including hu-
mans. In: Wurtman R], Wurtman JJ, eds. Nutrition and the brain. Vol. 1.
New York: Raven Press, 1977:1-86.

4 FAO. Food balance sheets, 1979-1981. Rome: Food and Agriculture Orga-
nization of the United Nations, 1984.



FOR REFERENCE PURPOSES ONLY

Health throughout Life 153

5 McMurry MP, Connor WE, Lin DS, Cerqueira MT, Connor SL. The ab-
sorption of cholesterol and the sterol balance in the Tarahumara Indians
of Mexico fed cholesterol-free and high cholesterol diets. Am | Clin
Nutr 1985;41:1289-1298.

6 Sacks FM, Ornish D, Rosner B, McLanahan S, Castelli WP, Kass EH.
Plasma lipoprotein levels in vegetarians: the effect of ingestion of fats
from dairy products. JAMA 1985;254:1337-1341.

7 Philips RL. Role of life-style and dietary habits in risk of cancer among
Seventh-Day Adventists. Cancer Res 1975;35:3513~3522.

8 Castelli WP. Epidemiology of coronary heart disease: The Framingham
Study. Am ] Med 1984;76(suppl 2A):4—12.

9 Katan MB, Beynen AC. Characteristics of human hypo- and hyper-
responders to dietary cholesterol. Am | Epidemiol 1987;125:378-399.

10 NIH Consensus Development Conference. Lowering blood cholesterol
to prevent heart disease. JAMA 1985;253:2080-2086.

11 Schettler G. European Congress on Atherosclerosis, 1986.

12 Doll R, Peto R. The causes of cancer: qualitative estimate of avoidable
risks of cancer in the United States today. JNCI 1981;66:1191-1340.

13 Reddy BS, Cohen LA, eds. Diet, nutrition, and cancer: a critical evaluation,
Vol. 1. Boca Raton, FL: CRC Press, 1986.

14 Braden LM, Carroll KK. Dietary polyunsaturated fat in relation to mam-
mary carcinogenesis in rats. Lipids 1986;21:285-288.

15 Cohen LA, Thompson DO, Maeura Y, Choi K, Blank ME, Rose DP. Di-
etary fat and mammary cancer. I. Promoting effects of different dietary
fats on N-nitrosomethylurea-induced rat mammary tumorigenesis. [NCI
1986,77:33—42.

16 Reddy BS. Amount and type of dietary fat and colon cancer: animal
model studies. Prog Clin Biol Res 1986;222:295-309.

17 Buell P. Changing incidence of breast cancer in Japanese-American
women. JNCI 1973;51:1479-1483.

18 Haenszel W, Kurihara M. Studies of Japanese migrants. 1. Mortality
from cancer and other diseases among Japanese in the United States.
JNCI 1968;40:43-68.

19 Locke FB, King H. Cancer mortality risk among Japanese in the United
States. [NCI 1980;65:1149—1156.

20 Reddy BS. Diet and excretion of bile acids. Cancer Res 1981;41:3766—3768.

21 Hebert JR, Wynder EL. Dietary fat and the risk of breast cancer. N Engl
J Med 1987;317:165-166.

22 Willett WC, Stampfer MJ, Colditz GA, Rosner BA, Hennekens CH,
Speizer FE. Dietary fat and the risk of breast cancer. N Engl | Med
1987;316:22-28.



FOR REFERENCE PURPOSES ONLY

154 Diet and Health Maintenance

23 Cohen LA, Choi K, Weisburger JH, Rose DP. Effect of varying propor-
tions of dietary fat on the development of N-nitrosomethylurea-induced
rat mammary tumors. Anticancer Res 1986;6:215-218.

24 Pauling L, Cameron E. Cancer and Vitamin C, 2nd ed. New York: War-
ner Books, 1981.

25 Walter H], Hofman A, Connelly PA, Barrett LT, Kost KL. Primary pre-
vention of chronic disease in childhood: changes in risk factors after
one year of intervention. Am | Epidemiol 1985;122:772-781.

26 Wynder EL, Field F, Haley NJ. Population screening for cholesterol de-
termination. JAMA 1986;256:2839—2842.



FOR REFERENCE PURPOSES ONLY

PHILIP J. GARRY AND ROBERT L. RHYNE

Nutritional Problems of the
Elderly

It is by now widely recognized that the average age of Americans is
increasing. The percentage of Americans over age 65, 75, or 85 has
been increasing dramatically in this century, and these percentages
are projected to continue to increase over the next four decades. This
increase in the aging population has stimulated attention to the special
health problems of elderly adults. One confusing aspect of discussions
dealing with the elderly is our lack of a satisfactory definition of aging.
What is old? Who is old? When does one become old? Clearly, phys-
iological age is not the same as chronological age. On the other hand,
numerous attempts to arrive at a simple and accurate indicator of
physiological age have not as yet yielded a satisfactory instrument.
In general terms “elderly” and “old” usually refer to all those over
age 65.

The nutritional status of old people has received increasing atten-
tion from the scientific community in the past two decades. In the
Western world, the elderly are the largest population at risk for pro-
tein-calorie malnutrition. Although there now exists documentation
of specific nutritonal problems in the elderly, the relationship of al-
tered nutrition to subsequent morbidity and mortality is not clear.

Age-Related Changes that Influence Nutrition
Todhunter (1) reported that 70% of a sample population of elderly

subjects had made some change in food habits in recent years for
reasons of health, aloneness, beliefs, or finances. The Ten State Nu-
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trition Survey (2) found that two-thirds of the elderly had changed
their diets in the four years prior to the study. Elahi et al. (3) reported
a marked secular change in the diets, especially cholesterol intake, of
the Baltimore Longitudinal Study of Aging male participants during
the period 1961-1975. One hypothesis given for this observed secular
change was that the public health advice from health professionals
and the lay press about the danger of cholesterol and saturated fats
in the diet was having an effect. Therefore, in order to separate true
aging effects from possible time and cohort effects on nutrient intakes
that can subsequently influence nutritional status, both cross-sectional
and longitudinal studies are required in elderly populations. Unfor-
tunately, most of the recent studies on nutrition and aging have been
cross-sectional in nature.

PHYSIOLOGICAL CHANGES

The sensations for taste and smell decrease with age (4,5), resulting
in a decreased appetite (6). Dental problems, common in old age,
decrease the ability to chew certain foods (7). Diminution of visual
and auditory senses makes it less pleasant for some elderly persons
to eat in public places or at social gatherings (8). Decreases in basal
metabolic rate and physical activity noted with increasing age result
in overall lower caloric intake, which can lead to lowered intakes of
essential nutrients (g9,10). If total caloric intake is reduced without a
change in dietary patterns, then intake of specific nutrients decreases
proportionally. However, it should be pointed out that requirements
for some nutrients, like riboflavin, are thought to decrease with age
because of the decline in basal metabolic rate and physical activity.

Physiological changes, such as osteoarthritis, that affect mobility
can decrease an old person’s ability to purchase and prepare food
(11). Another hindrance to adequate nutrition in the aged is malab-
sorption brought about by a decrease or absence in acid secretion by
the stomach and by interactions with medications commonly pre-
scribed for the elderly (12-14). It is not clear whether changes in the
absorption of specific nutrients with age contributes to nutritional
problems in the elderly.

PSYCHOLOGICAL CHANGES
The most common psychological variable affecting nutrition is depres-

sion (11). Of all psychiatric diagnoses, depression is most strongly
correlated with increased morbidity and mortality, regardless of the
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age of the subjects (15,16). In the elderly, simple loneliness can con-
tribute to poor nutrition. At least 30% of non-institutionalized men
and women over the age of 65 live alone (1,17). Eating patterns are
learned social behaviour, and changes in the living situation, such as
loss of a spouse, can lead to significant changes in eating patterns. If
the deceased partner was the caretaker of the couple, the surviving
partner may be ignorant of even the basics of shopping, menu plan-
ning, and food preparation.

ECONOMIC AND SOCIAL CHANGES

Elderly individuals usually experience a net loss of income (18). How-
ever, the percentage of older individuals living below the poverty
level (12.4% in 1984) has decreased substantially over the past two
decades, and is now less than the percentage of those under 65 living
in poverty (14.7% in 1984) (17). A major determinant of “life satis-
faction” in the elderly would appear to be income, with health status
also very important (19). Low income has been shown to be a major
risk factor for inadequate nutrition in the elderly (20,21).

Elderly individuals are at high risk for institutionalization on either
a temporary or permanent basis (22). While institutional food is likely
to meet minimal standards for nutrient content, several aspects of
institutional food discourage consumption. A lack of choice, a limited
day-to-day variety, and the general unattractiveness of mass-prepared
food increase the risk of inadequate consumption. In addition, be-
cause long-term care facilities such as nursing homes are conceived
on a medical model, the admitting physician specifies the diet. This
means that most residents of nursing homes are on some sort of
therapeutic diet (low salt, diabetic, etc.) (23), which further discour-
ages adequate intake. The situation is different for free-living indi-
viduals, who frequently ignore or “cheat on” their prescribed diets.
In many cases, the potential benefits of therapeutic diets in elderly
nursing home residents are outweighed by the detriment of possible
inadequate total protein and calorie intake as a consequence of the
diets. Thus, the major issue in institutionalized individuals is not that
the diet is inadequate; it is that the food is often not consumed (24).

Nutritional Assessment of the Elderly
To define the nutritional status of a population, three basic methods

are employed: clinical studies, dietary studies, and laboratory inves-
tigations. In general, clinical studies evaluate the physical signs of
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nutritional health or disease. Dietary studies compare nutrient intake
with accepted standards. Laboratory investigations provide data
about quantities of particular nutrients in the body or evaluate certain
biochemical functions that are dependent on an adequate supply of
a particular nutrient.

NUTRITION IN THE ELDERLY — CLINICAL
ASSESSMENT

Anthropometric results show an increase in percent body fat for both
sexes as age increases, although females possess a greater percent of
body fat than males at all ages (25). The first National Health and
Nutritional Examination Survey (NHANEs-1) (20), Ten State Nutrition
Survey (2), and Nutrition Canada National Survey (26) found obesity
to be a substantial problem in the aged, especially in women. It is
clear that obesity can aggravate other medical conditions such as
diabetes, degenerative joint disease, and pulmonary disease (27,28).

Clinical signs of undernutrition in the elderly are less common.
McClean’s study of vitamin C and thiamine status in elderly men
found few clinical signs of deficiencies in these vitamins (29). This is
not surprising, as many of the changes in skin, subcutaneous tissue,
and mucous membranes in the elderly would make it difficult to pick
up relatively subtle signs such as petechiae.

NUTRITION IN THE ELDERLY — CALORIE AND
PROTEIN INTAKE DETERMINED IN NUTRITIONAL
SURVEYS

Calories

Over the past 20 years, several comprehensive nutritional surveys
that included subjects over age 60 have been performed in the United
States (2,30-32). In addition, other nutritional surveys have focused
solely on the elderly. All of these studies identified a substantial
proportion of elderly men and women who fell below established
dietary intake recommendations for calories, protein, vitamins, cal-
cium, and iron (33,34).

Dietary intakes in older persons have been estimated by several
different methodologies. These include dietary histories, food rec-
ords, and 24-hour dietary recalls. Dietary history methods are pri-
marily designed to estimate the habitual intake for a period of one
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week to several months. As pointed out by Mahalko et al. (35), the
subjectivity involved in describing usual eating patterns makes the
dietary history method vulnerable to memory lapses, and psycholog-
ical tendencies to exaggerate or minimize self-described behaviour.
Food record methodology requires an individual to record all foods
eaten over a specified period of time, generally from a few days to
one week. Unlike dietary history methodology, which requires a
trained interviewer, the burden is placed on the subject to provide
accurate intake information. This requires that the individual be
highly motivated, especially if required to keep records for several
days. The 24-hour dietary recall methodology also requires a trained
interviewer; however, the main advantage of this methodology is the
minimal amount of interviewer and subject time required to complete
the intake recall.

Several studies conducted in the U.S. have shown that energy in-
take decreases with age. In a cross-sectional study of male executives
ranging in age from 20 to 93 years, McGandy et al. (9) found that
there was a steady decline in energy intake from 2700 kcal/day at 30
years to 2100 kcal/day at 8o years of age. Most of the decline in energy
intake was attributed to reduced physical activity (400 kcal) while 200
kcal was accounted for by a decline in basal energy metabolism as a
result of a reduction in lean body mass with age. In 180 male partic-
ipants (35 to 74 years) in the Baltimore Longitudinal Study of Aging,
Elahi et al. (3) also found that aging had a negative effect on energy
intake. A four-year longitudinal study of free-living healthy elderly
men (n=91) and women (n=116) also showed a decline in energy
intake with age (36). The mean age and standard deviation of men
as well as women at the beginning of this study was approximately
71 *+ 4.5 years. The average energy intake over the four-year period
was 1545 kcal/day for women and 2118 kcal/day for men. These values
were determined from three-day diet records and are substantially
higher than recorded for elderly subjects between 65 and 74 years of
age in NHANES-1 and 2 (20,32) studies in which 24-hour dietary recall
was employed to calculate energy intake. Of the 3500 elderly exam-
ined in the NHANES-1 sample, which is representative of the U.5.
civilian non-institutionalized elderly population between 65 and 74
years of age, approximately 82% were white and 18% were black.
The mean energy intake for the white and black males was 1828 and
1571 kcal/day respectively. For white and black females, the mean
energy intake was 1319 and 1186 kcal/day. Energy intake for those
with income below the poverty level was less than the population
mean regardless of sex and race. The energy intake as percent of
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standard Recommended Dietary Allowance (RpA), based on weight
for age, sex, and height, was 77 for white and 69 for black females.
The percent of standard was 75 and 64 for white and black males,
respectively. Even when a conservative estimate of the standard is
used, i.e., two-thirds of the rpDA, only about 50% of the individuals
65 years and older met this level of intake. Because of an increased
prevalence of dementia in the elderly, surveys using recall methods
are biased towards decreased total nutrient intake with age (37,38).
Surveys of institutionalized individuals, where actual food consump-
tion is measured, avoid this bias. Nevertheless, most surveys have
found that total energy intake of institutionalized elderly individuals
is less than that of individuals living at home (39~41).

While it is difficult to compare studies of the elderly because of
differences in dietary intake methodology, they usually point to de-
creases in energy intake with age, with possible influences of income
and race on energy intake. It is not known for certain how reduced
energy intakes affect the ability of elderly individuals to meet their
specific nutrient requirements, but it may be difficult to meet nutrient
requirements on low calorie diets (10).

Protein

The current rpa for protein intake in the elderly is 0.8 g of mixed
protein per kg of body weight (42). A recent study of elderly men
and women based on the rpa of 0.8 g protein/kg and energy intakes
appropriate for their age and needs led to the finding that about half
of the elderly are unable to maintain nitrogen balance on this level
of protein, even at the end of a month (43). Munro (44) reviewed the
limited number of studies designed to examine protein requirements
of the elderly, including the study mentioned above, and concluded
that the elderly do not need less protein than the young and that they
possibly may even need more. Mean protein intakes were above the
RDA for both men and women in the majority of studies (41,45-49).
Yet in the studies by Jansen and Harrill (50) and Justice et al. (51), at
least 24% of the women in nursing homes and 29% of the women
living in private homes had diets that provided less than 0.8 g of
protein/kg of body weight. In Jordan’s study (41), 12% of the men
and 40% of the women living at home failed to meet this criterion.
Because the rpA for protein is substantially above the estimated av-
erage requirement, it is not possible to conclude from these data that
persons with intake below the rRDA are protein deficient or that they
would benefit from additional protein intake.
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NUTRITION IN THE ELDERLY — DATA ON SPECIFIC
NUTRIENTS FROM DIETARY AND BIOCHEMICAL
STUDIES

Calcium

Elderly people, especially postmenopausal Caucasian women, show
an increased loss of bone mineral, which is reflected in their higher
incidence of fractures (52). The mechanism behind the age-related
loss of bone quantity is multifactorial and not understood clearly;
however, chronic negative calcium balance appears to be a major
contributory factor (53-55). The chronic net loss of calcium is predi-
cated in part upon lowered efficiency for intestinal calcium absorption
(56—60) and inadequate dietary calcium intakes (48,61-64). Recent
reports show that increased protein intake may have a profound and
sustained effect on increasing urinary calcium excretion (56). It has
also been shown that high phosphorus intake reduces calcium excre-
tion by increasing renal tubular reabsorption of calcium (56).

The rpA (1980) for calcium is currently 8oo mg/day (42). It is be-
coming increasingly clear that this level may not be sufficient to main-
tain calcium balance in populations consuming Western-type diets at
risk for osteopenia, particularly elderly women (53,65,66).

Stiedemann et al. (39) and Brown et al. (45) found that calcium was
the nutrient that was most often marginal in the diet, with 43% of
the women in nursing homes failing to get two-thirds of the 1980 rRDA
for calcium. In comparing two populations, Brown et al. (45) found
that women living at home consumed less calcium than those in
nursing homes. Grotkowski and Sims (47) found a population mean
among women that was equal to only two-thirds of the RpA. Brown
et al. (45) and McClean et al. (46) found similar low calcium intakes
among men (660 mg/day), while Stiedemann et al. (39) and Grot-
kowski and Sims (47) found that the intakes among elderly males
equaled or exceeded the rRpA of 8oo mg/day. Older people tend to
avoid dairy products rich in calcium, possibly because of a fear of
cholesterol or because of an intolerance to milk for a variety of reasons
(67,68).

Iron
Clinicians confronted with detecting and determining the cause of

anemia in the elderly are dependent on laboratory results such as
hemoglobin level, hematocrit, red blood cell indices (erythrocyte
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count, mean corpuscular volume (Mcv), mean corpuscular hemoglo-
bin (McH), mean corpuscular hemoglobin concentration (McHC)),
serum iron levels, total iron binding capacity (TIBC), percent trans-
ferrin saturation (psat), and plasma ferritin, folate, and vitamin B
levels for their final diagnosis. Thus, the frequency with which anemia
is encountered in the elderly and determination of its etiology depend
on the criteria used for diagnosis.

In a recent review of the iron status of elderly persons in the United
States, Lynch et al. (69) pointed out that very few data are available
to describe the iron status of the elderly and that the conclusions in
reported studies are based on hemoglobin and hematocrit values with,
at most, one other index of iron nutrition. They further state that any
discriminant value may lead to a large number of false-negative and
false-positive results, especially when hemoglobin is the measure, as
there is a marked overlap in the frequency distribution curves for
anemic and normal people. Also, it has been suggested that the def-
initions of low and deficient hemoglobin levels need to be redefined
for blacks, as Garn et al. (70) have shown that in 3321 age-matched
pairs of black and white participants in NHANEs-1, the difference in
hemoglobin levels approximates 0.73 g/dl (i.e., blacks have lower
hemoglobin levels than whites). This difference was statistically sig-
nificant even after adjusting for transferrin saturation, and income,
education, and other socioeconomic variables.

One national study (71) and three regional studies (72-74) showed
that more than 10% of elderly white men were found to be anemic
when hemoglobin levels less than 14 g/dl were used as the cut-off
point to identify anemia. Using a hemoglobin level less than 12 g/dl
to identify anemia in women, these same studies showed that elderly
white women have a lower incidence of anemia than elderly white
men. However, it should be pointed out that these studies included
unselected or natural populations of elderly men who were not
screened for disease states such as chronic infections, renal disease,
neoplasms, and chronic blood loss, which can have a dramatic effect
on erythrocyte production. It has been suggested that the increased
incidence of anemia in elderly males compared to females may in-
dicate that the cut-off point for low hemoglobin levels for males is
too high. Also, decreased testosterone levels in the elderly men has
been suggested as the possible cause for their high incidence of ane-
mia, as testosterone has been shown to have a direct effect on he-
matopoiesis and is thought to account for the difference in hemoglobin
levels between adult males and females (75).
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In a study of 280 free-living and healthy elderly men (n=131) and
women (n =149), Garry et al. (76) assessed iron status by examining
dietary and supplemental iron intake as well as ten biochemical mea-
sures of iron nutriture (hemoglobin, hematocrit, erythrocyte count,
MCV, MCH, MCHC, plasma iron, TiBC, PsAT, and plasma ferritin). This
was a cross-sectional study of elderly individuals ranging in age from
61 to 93 years. This population was examined in 1980 when the median
age for men was 71, and for women, 72 years. In this study, the
association of biochemical measures of iron status with age was ex-
amined. The only significant negative correlations found were be-
tween 11BC and age for both men and women. For comparison
purposes, iron status measures in an unselected group of younger
men {n=107) and women (n=164) between the ages of 20 and 39
years were also obtained. The conclusion from this study was that
anemia or iron deficiency was no more prevalent in this healthy el-
derly population than in younger adults when using identical criteria
to assess iron nutriture. Subsequent to this report, Garry et al. (77)
repeated all the previously mentioned iron status measurements in
221 of these same elderly subjects on a yearly basis over a period of
five years. This longitudinal study revealed significant year-to-year
variability in the population mean values for all biochemical measures
of iron nutriture except plasma iron, but there were no trends for any
of the changes that would suggest an increased risk of anemia. Com-
parison of those elderly subjects consistently taking an iron supple-
ment to non- or infrequent supplement users showed no significant
differences in the biochemical measures of iron status except for a
slight but significant trend toward higher ferritin values in those tak-
ing an iron supplement.

Studies that only examine dietary intakes of iron in the elderly need
to be viewed with caution, because iron stores or reserves, as deter-
mined by plasma ferritin measurements, have been shown to increase
with age (78). Therefore, poor dietary intakes of iron at one point
may or may not indicate an immediate risk factor. Also, the critical
issue, as Monsen and Balintfy (79) point out, is not the total amount
of iron ingested, but rather the amount of iron available for absorp-
tion. They point out that nonheme iron is absorbed at a 3% rate unless
enhancing factors such as cellular animal protein (meat/fish/poultry)
and ascorbic acid are ingested along with routine dietary iron sources.
Marked improvement in nonheme iron absorption of as much as 8%
is possible if these enhancing factors are present. Thus, in order to
determine whether iron deficiency occurs at increased frequency
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among the elderly, the entire diet needs to be examined and, more
importantly, biochemical parameters in additon to hemoglobin and
hematocrit levels are helpful to determine the extent and cause of the
deficiency.

Other Minerals

It is difficult to assess adequately trace metal intake in a population
because trace metal content of many foods has not been exactly de-
termined. The one possible exception is zinc (8o).

Vitamins

While dietary intakes have been a primary source of vitamin infor-
mation on elderly populations, precautions must be taken when in-
terpreting dietary survey information. Difficulty in obtaining accurate
estimates and inability of intake data to account for variations in
absorption limit the usefulness of dietary information. Also, vitamin
intakes below the rRpA are not sufficient evidence for assigning risk
levels for deficiency states unless confirmed by biochemical testing
(81). These factors must be kept in mind when reviewing reports of
vitamin deficiencies based only on intake information in elderly pop-
ulations.

Vitamin A

Vitamin A deficiency does not seem to be a particular problem in the
elderly, even though there have been reports of poor dietary intakes.
In NHANES-1, which was a cross-sectional survey of the American
population, approximately one-half of those over 65 had vitamin A
intakes of less than two-thirds of the rRpA. Nevertheless, only 0.3%
of this population had low vitamin A blood levels (82,83). Similar data
have been published on other populations (84,85), suggesting that
elderly individuals can maintain normal vitamin blood levels even
with low dietary intakes.

Vitamin D
Studies in several countries have revealed a generally lowered vitamin

D status in elderly people, especially in chronically ill individuals
(86,87), those living in institutions (87-8g), and those with little or no
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sunlight exposure (9o—92). Because the vitamin D endocrine system
is the major regulator of intestinal calcium absorption (93), and low-
ered vitamin D status would promote the observed negative calcium
balance in elderly people, deficiencies in this vitamin would be par-
ticularly damaging in elderly subjects. Two recent studies in the
United States have found vitamin D intake to be approximately 50%
of the RDA for elderly subjects (48,49). There was a good corre-
lation between inadequate intake and low blood levels of 25-OH vi-
tamin D (63). Fifteen percent of a healthy free-living elderly group
had 25-OH vitamin D levels considered to be at least borderline de-
ficient (< 8.0 mg/ml). Since sunlight exposure regulates the amount
of provitamin D that is produced by the skin, it has been recom-
mended that the elderly obtain minimal sunlight exposure (10-15
minutes) two or three times a week (95).

Vitamin E

Vitamin E is the subject of much interest in the scientific community
and the lay press because of its antioxidant properties, which have
been proposed to retard the aging process as well as prevent and/or
to treat diseases as disparate as atherosclerosis and cancer (96). All
of these issues involve supplementation of vitamin E frequently at
“mega” doses. There is no evidence that elderly individuals are de-
ficient either in dietary intake or tissue levels of vitamin E (81,97,98).
Therapeutic trials of high dose vitamin E as an antioxidant in humans
have met with some success, for example, in prolonging survival of
red blood cells in some inherited hemolytic anemias (99). The use of
vitamin E in intermittent claudication is promising but not yet estab-
lished (96). Its use to treat or prevent atherosclerosis and cancer has
not been established nor has it been conclusively proven to be inef-
fective in those conditions (g6).

B vitamins

Hypovitaminosis reflects decreased dietary intake, absorption defects,
decreased hepatic avidity, decreased storage and conversion to active
metabolic forms, or excessive utilization, destruction, or excretion
(100). Information that has accumulated from many dietary surveys
of the vitamin status of the elderly indicates a great risk for deficiencies
of these substances, but this is not always confirmed by biochemical
or clinical results. No single comprehensive study for all the vitamins
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and their related enzyme systems has been carried out, probably
because, as Brin and Bauernfeind (101) suggest, laboratory facilities
are not available to do all the biochemical evaluations that would be
necessary. Most individual studies have concentrated on one or two
vitamins.

Davidson et al. (102) examined 104 elderly people in Boston and
found that 37% had inadequate blood levels of riboflavin and 21%
had low thiamine levels. Vir and Love published several articles (103~
105) on the thiamine, riboflavin, and pyridoxine status of 196 insti-
tutionalized (in a hospital, residential accommodation, or a sheltered
dwelling) and non-institutionalized Caucasian elderly subjects (males
= 51, females = 145) as assessed by combined dietary, biochemical,
and clinical studies. These subjects resided in Belfast, Ireland, and
were between 65 and 94 years of age, were considered free of acute
illness, and were not on a modified diet. This study revealed bio-
chemical deficiency of thiamine in 17.6% of males and 12.5% of fe-
males as determined by the transketolase activity coefficient test in
the various groups not receiving multivitamins. Biochemical defi-
ciency of riboflavin was noted in 9.8% of males and 6.2% of females
as determined by the glutathione reductase activity coefficient test.
Biochemical deficiency of pyridoxine was observed in 24.3% of male
and 42.7% of female subjects. Also, 20% of the subjects receiving
multivitamins nonetheless had deficient pyridoxine levels as meas-
ured by stimulating erythrocyte glutamic-pyruvate transaminase in
vitro with pyridoxal phosphate. The high incidence of pyridoxine
deficiency in the elderly has also been noted by Hoorn et al. (106)
using enzyme functional tests. Vir and Love found that the highest
incidence of thiamine, riboflavin, and pyridoxine deficiency was in
subjects in sheltered dwellings. In 196 subjects examined by Vir and
Love, only one individual had clinical signs of vitamin deficiency.

Studies in a healthy free-living population in New Mexico using
three-day diet records revealed that a substantial percentage of the
population was receiving less than the rpa for vitamins B,, B, B,
B,., and folate from diet alone (48). However, biochemical studies
designed to assess vitamin B,, B,,, and folate status in this population
failed to confirm that these individuals were at risk of developing
clinical symptoms associated with low intakes of these vitamins
(107,108). There are several reasons for the apparent discrepancy be-
tween the dietary and biochemical assessments in this population.
One is that nearly 50% of these elderly were ingesting a vitamin
supplement on a regular basis. Another is that the rRpAs for most
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nutrients represent upper limits of variability for age and sex. Also,
the data on the exact vitamin content in many foods are lacking and,
therefore, dietary analyses using standard reference tables may un-
derestimate their true value.

Vitamin C

Some studies have reported low vitamin C intake and blood levels in
both institutionalized and free-living elderly (102,109). Vitamin C sta-
tus in 270 free-living healthy elderly was determined from dietary
and supplemental intakes and plasma levels of ascorbic acid (110).
Mean dietary intakes of ascorbic acid for women and men were ap-
proximately two-and-one-half times the current rRpA of 60 mg/day. Of
interest was the finding that men not consuming a vitamin supple-
ment had significantly lower plasma ascorbic acid levels than women
- 0.91 vs 1.14 mg/dl. This difference could not be explained by the
smoking habits of men and women.

Kallner et al. (111) have been able to show, using radioactively-
labelled ascorbic acid, that the total body pool of ascorbic acid reaches
a maximum of approximately 20 mg/kg, and that this amount can be
achieved at a steady state plasma concentration of 1.0 mg/dl. A com-
parison between ascorbic acid intake and plasma levels in the study
reported by Garry et al. (110) revealed that women require an intake
of 75 mg/day and men require an intake of 125 mg/day to achieve a
plasma ascorbic acid level of 1.0 mg/dl. VanderJagt et al. (112) con-
firmed this finding in a clinical trial in which eight healthy men and
nine women over the age of 65 were placed on controlled intakes of
ascorbic acid ranging from 30 to 280 mg/day. This study also showed
that the majority of men on daily intakes of 60 mg had plasma ascorbic
acid levels below 0.4 mg/dl, a level often used to identify individuals
at risk for developing clinical hypovitaminosis symptoms. If main-
taining a maximum body pool of ascorbic acid is desirable, especially
for the elderly, there may be a need to consider increasing the ascorbic
acid allowances above the present value of 60 mg/day, especially for
elderly men.

Conclusions
The information presented is not intended to be an exhaustive review

of the causes and consequences of poor nutrition in the elderly. In-
stead, we have presented a general review which will allow the reader
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to understand better the complexity of this subject and the need for
continued research required to determine all etiologies and the sub-
sequent alleviation of nutritional problems in the elderly.
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Alcohol Use and Nutrition

It is frequently stated that alcoholism is one of the principal causes
of nutritional disturbance in the adult population of North America
and the rest of the developed world. This assertion appears to be
consistent with the commonly held concept of the alcoholic as a “skid-
row” drinker, grossly undernourished, and suffering from a variety
of nutritional disorders such as beri-beri, peripheral neuropathy, mac-
rocytic anemia, and Wernicke-Korsakoff syndrome. This picture of
the alcoholic is often “explained” by two assumed “facts”: 1. that the
alcoholic spends all day drinking and not eating and is therefore
grossly undernourished, and 2. that ethanol provides “empty calo-
ries” which are of no use in nutrition. Unfortunately, this picture is
only partly true and only of some alcoholics, and fails completely to
describe the complexity of the interaction of alcohol and nutrition.
There are many other factors that must be taken into account.
Before considering other explanations involving these factors, we
must first be clear on the facts that need to be explained. The first is
that most alcoholics are nof skid-row drinkers and are not grossly
undernourished. The majority are employed, married and living with
their spouses, and eating relatively well. For example, one nutritional
study of a group of 69 alcoholics in Santiago, Chile (1), revealed that
their diet was quite adequate in calories, only slightly suboptimal
with respect to protein, phosphorus, and thiamine, but quite low
(less than % of the Recommended Dietary Allowance (rRDA) in cal-
cium, vitamin A, riboflavin, niacin, and vitamin C. Anthropometric
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measurements showed that their body weight was normal, as was
their muscle mass and amount of subcutaneous fat. Some of the
patients indeed were actually overweight, and one interesting obser-
vation is that the obese alcoholics appeared to be at greater risk of
developing alcoholic hepatitis or cirrhosis. The important point in the
present context is that these patients were not grossly undernour-
ished, but showed quite selective malnutrition with respect to specific
constituents of the diet.

The second important fact is that the term “empty calories” as
applied to alcohol is a potentially misleading term. If it is intended
to convey the idea that ethanol provides calories without a corre-
sponding content of vitamins or other essential nutrients, then the
term is just as correct with respect to ethanol as it is with respect to
sucrose, refined fat, or various other sources of calories. If, however,
it is meant to imply that the calories generated by the oxidation of
ethanol are dissipated as heat and are unavailable for metabolic use
in biosynthetic reactions, then it is quite incorrect. It has been known
for many years that rats will show normal growth on a diet in which
a substantial portion of the carbohydrate has been replaced equica-
lorically by ethanol (2). In human infants, complete intravenous nu-
trition with a mixture of hydrolyzed casein, lipids, carbohydrate, and
2.5% alcohol to provide extra calories was able to maintain positive
nitrogen balance and body growth (3).

In a recent study (4), adult humans took part in a metabolic study
for four weeks. During this time they received a liquid diet by con-
tinuous nasogastric infusion. The diet provided 0.8 g of protein per
kg of body weight, 12% of total calories from fat, and the rest from
carbohydrate. During the second week of the study enough carbo-
hydrate was replaced equicalorically by ethanol to provide 30% of the
total calories as alcohol. During the third week this was increased to
50-60% of total calories. Direct and indirect calorimetry during the
period in which ethanol provided 30% of calories revealed no change
in heat loss, though the respiratory quotient (rQ) fell to 0.87, as would
be expected from the metabolism of ethanol. However, the urinary
and fecal energy losses were unchanged, and body weight and ni-
trogen balance were maintained in equilibrium. During the third
week, when ethanol provided 50-60% of total calories, the blood-
alcohol level rose steadily because the daily dose of alcohol exceeded
the alcohol metabolizing capacity of the body. During this week the
rQ fell further to 0.80, and negative nitrogen balance and weight loss
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were seen. The authors concluded that ethanol could be metabolized
and utilized as efficiently as any other calorie source, but that the
weight loss and negative nitrogen balance seen on the very high
dosage of alcohol were probably indicative of a toxic effect on protein
metabolism. The nature of this toxic effect is one of the things which
must be explained.

While most alcoholics are not grossly undernourished, it is true
that many do show clinical problems which are attributable to selective
inadequacies of nutrition, and the nature of the toxic effect of ethano!
that is responsible for such disturbances must be explained. What
causes some alcoholics, even those with seemingly good diets, to
show problems of this type? Basically, the disturbances can be at-
tributed to a combination of a marginally and selectively inadequate
diet with direct toxic effects of alcohol (5,6). In greater detail we can
specify a number of problems (7) in the following respects:

1 The food intake is often selectively reduced, i.e. some foods are

retained while others are omitted, because of poor appetite associated

with alcoholic gastritis, or possibly because of lack of availability of

money if too much has been spent on alcohol.

2 Gastrointestinal upset, including vomiting and diarrhoea, may im-

pair the person’s ability to retain food in the gastrointestinal tract for

long enough to derive the maximum nutritional benefit from it.

3 Various intestinal transport mechanisms may be impaired directly

by alcohol, giving rise to specific deficiencies in absorption of nutrients

from the diet.

4 Storage capacity may be reduced, mainly because of alcoholic liver

disease, and this may reduce the metabolic availability of various

vitamins.

5 The metabolic conversion of native vitamins to their active forms,

by such mechanisms as phosphorylation or one-carbon group trans-

fer, may be impaired by alcohol, and this may result in failure of the

vitamins to play their necessary metabolic role.

6 Ethanol may directly impair the ability of peripheral tissues to utilize

substances brought to them in the circulating blood.

7 The urinary excretion of various minerals and vitamins is known

to be increased by ethanol, and this may result in a metabolic defi-

ciency even though the intake would otherwise be adequate.

8 It has been suggested that the metabolism of alcohol may increase

the metabolic requirements for some vitamins or other nutrients.
We shall examine some of these suggestions now in further detail.
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Intestinal Malabsorption

A number of experimental studies in humans have confirmed the fact
that alcohol, both single doses and chronic ingestion, can inhibit the
absorption of a variety of nutrients, including amino acids, sugars
such as xylose, thiamine, folate, vitamin B,,, fat, and others (8,9). In
order to understand this inhibitory effect of alcohol, it is important
to note that oral intake of alcoholic beverages by humans can result
in alcohol concentrations of over 5% in the lumen of the jejunum
(10). This is much higher than the concentrations of alcohol found in
the blood and in the lumen of the ileum after the same dose. Con-
centrations of the order of 1% or higher are well known from in vitro
studies to be enough to inhibit a variety of mucosal transport en-
Zymes.

The importance of this local action of alcohol within the upper small
intestine has been confirmed in studies of the absorption of xylose
(8). Xylose is not utilized metabolically, and the amount excreted in
the urine provides a direct measure of the amount absorbed from the
intestine. An oral dose of alcohol produced a significant fall in the
urinary excretion of xylose, whereas the same dose of alcohol given
intravenously failed to do so. This indicates clearly that the higher
concentration of alcohol achieved within the jejunum is necessary for
the inhibition, while the lower concentration produced by dilution of
the absorbed alcohol throughout the body fluids failed to inhibit the
absorption of xylose. In a similar manner, the absorption of vitamin
B, (cyanocobalamin) can be studied by measuring the urinary excre-
tion of 57Co after oral administration of vitamin B, , labelled with 57Co.
In three out of five subjects receiving 46% of their calories as alcohol,
the excretion of 57Co was reduced, as it was in five out of five receiving
60-65% of their calories as alcohol (11).

Over 20 years ago it was reported (12) that ethanol in concentrations
of 0.2% or higher produced a significant inhibition of the activity of
Na,K-atpase in brain, muscle, and red blood cell plasma membranes.
Later, this was shown to be true also of the Na,K-aATPase in the jejunal
mucosa (13). Increasing concentrations of ethanol produced progres-
sively greater degrees of inhibition, and 1.0 M ethanol (4.6% w/v)
reduced the activity to only 20% of normal. The role of the Na,K-
ATpase is to utilize metabolic energy from the splitting of AT to pump
sodium out of the cell and potassium into it. This maintains the high
sodium concentration gradient from the outside to the inside of the
cell and thus facilitates the movement of sodium into the cell by
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carrier-assisted diffusion. The same carrier forms mixed complexes
with sodium and thiamine, amino acids, or various sugars. Thus the
continued activity of the Na,K-arrase is necessary to promote the
entry into the cell of thiamine, amino acids, and sugars in addition
to sodium. Therefore, the inhibition by ethanol of the Na,K-aTrase
activity results not only in decreased sodium transport but also de-
creased thiamine uptake into the jejunal mucosa (7,14).

The same is true of amino acid uptake, which is also inhibited by
ethanol for the same reason. This was demonstrated by addition in
vitro of alcohol solutions to the incubation medium in which amino
acid uptake was being studied in isolated sacs of rat small intestine
(15). The same investigators then showed that a dose of alcohol given
in vivo to the rat by stomach tube reduced the absorption of isoto-
pically-labelled phenylalanine that had also been given by stomach
tube. The effect of alcohol was obvious with the natural L-isomer,
but was not seen with the unnatural D-isomer. This supports the
interpretation that the effect of alcohol was exerted upon a specific
carrier mechanism. This was later confirmed in humans (16) in whom
an oral dose of 40 g of ethanol, as either a 20% or 10% solution,
produced alcohol concentrations in the jejunum that were high
enough to inhibit significantly and markedly the absorption of iso-
topically-labelled methionine.

A further factor contributing to the impairment of intestinal ab-
sorption by ethanol is the inhibitory effect of alcohol on gastrointes-
tinal motility, resulting in retention of food in the stomach. In the rat,
for example, the administration of a very large dose of alcohol together
with 13I-triolein in corn oil, or 5*Cr-labelled protein, resulted in a
marked retention of the radioactive label within the stomach for as
long as 16—24 hours, with a corresponding decrease in the amount
found in the intestine or in the carcass (17). This delay in gastric
emptying would not, by itself, result in malabsorption, but merely in
a delay in absorption. However, if coupled with alcohol-induced im-
pairment of transport enzyme activity, or with alcohol-induced diar-
rhoea, then the delay in gastric emptying could aggravate the
malabsorption produced by these other effects of alcohol.

Impaired Storage after
Absorption

If the hepatic storage capacity for a vitamin is reduced by alcoholic
liver disease, then even if that vitamin has been adequately absorbed,
it will not be retained as well in the body and more will be eliminated
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in the urine. Such an effect has been demonstrated in the case of
vitamin A (18). The vitamin A content of the liver was markedly
reduced in patients with fatty liver, alcoholic hepatitis, or cirrhosis
compared with the content of normal liver. This effect was confirmed
experimentally in baboons receiving a liquid diet providing a high
proportion of the total calories as alcohol. The vitamin A content of
the liver was reduced progressively more, the longer the period of
alcohol feeding.

Impaired Activation of Vitamins

As noted above, many vitamins must be metabolically activated in
the liver or other tissues before they can play their required metabolic
role. Some of these activation reactions can be inhibited by ethanol
or by acetaldehyde produced by the oxidation of ethanol. For example,
pyridoxine is phosphorylated by aATr and a pyridoxine kinase to yield
pyridoxine phosphate, which in turn is oxidized by a pyridoxine phos-
phate oxidase to yield pyridoxal-5-phosphate. This latter oxidation
step uses flavin mononucleotide, produced from riboflavin, as a co-
factor. Thus, the activation of one vitamin may depend upon the
function of another vitamin. Since alcohol can impair the absorption
of riboflavin, and since acetaldehyde produced from alcohol can di-
rectly inhibit the pyridoxine kinase, the net effect of alcohol is to
produce a marked reduction in the yield of pyridoxal-5-phosphate
from pyridoxine (19). In addition, the pyridoxal-5-phosphate is carried
in the plasma as a complex with serum albumin, which delivers it to
its sites of action in the peripheral tissues. If alcoholic liver disease
results in a reduction in serum albumin, this is another factor which
can reduce the ultimate metabolic efficacy of the ingested pyridoxine.
Finally, acetaldehyde also stimulates a phosphatase that degrades the
pyridoxal-5-phosphate and yields free pyridoxal, which is oxidized
and then excreted in the urine. Thus, there are at least four different
mechanisms by which alcohol can impair the activation and utilization
of pyridoxine (19).

Another example is that of vitamin A. The alcoholic form, retinol,
is oxidized to the aldehyde form, retinal, which is the active form in
the retina, and to retinoic acid, which is active in other tissues of the
body. The oxidation is catalysed by alcohol dehydrogenase (apH),
which is the same enzyme that oxidizes ethanol to acetaldehyde. The
affinity of ethanol for the ApH is much greater than that of retinol,
so that in the presence of alcohol the activation of retinol to retinal
is markedly reduced (19).
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Impaired Tissue Utilization

There are numerous examples of impairment by alcohol of the uptake
and utilization in peripheral tissues of essential nutrients which have
been already absorbed. For example, the plasma and hepatic concen-
trations of a-amino-isobutyrate are increased markedly in animals
consuming alcohol, compared to the levels in pair-fed controls. This
is thought to be due to a decrease in the peripheral tissue uptake of
this amino acid. The branched-chain amino acids leucine and isoleu-
cine are affected in the same way. The magnitude of the increase of
plasma and liver concentrations is proportional to the duration and
magnitude of alcohol intake (20).

The same applies to the uptake of thiamine into the brain. This
uptake, like the absorption in the jejunal mucosa, is also linked to
the function of the Na,K-aTrase, and is correspondingly inhibited by
alcohol. Since the alcohol inhibition applies only to the active transport
of thiamine by the carrier mechanism, it does not affect the passive
diffusion of thiamine through the cell membrane, which depends only
upon its lipid:water partition coefficient. Inside the cell, thiamine is
converted to thiamine pyrophosphate (trr) by a phosphorylation re-
action utilizing ATP. This reaction can also be inhibited by alcohol.
Moreover, there can be genetic variation in enzymes that utilize TrP
as a co-factor. For example, the enzyme transketolase exists in a nor-
mal form and a variant form with a very low affinity for Tee. It has
been suggested that patients having this abnormal form may have a
genetic predisposition towards alcohol-induced thiamine deficiency,
since the impaired binding of Tpp to the enzyme would aggravate any
of the effects of alcohol on the intestinal absorption, brain uptake,
and phosphorylation of the thiamine (7).

These various possibilities can be differentiated by an in vitro test
of the transketolase activity of red blood cells, incubated in the pres-
ence and absence of TpP added in vitro. In normal red cells containing
the full normal amount of rrr, the addition of extra Trr does not affect
the transketolase activity. In contrast, cells from a thiamine-deficient
individual will show a decrease in transketolase activity, which is
restored to normal levels by the addition of Tpp in vitro. If the patient
has an impairment of phosphorylation of thiamine, then the low
transketolase activity will not be improved by administration of thia-
mine hydrochloride to the patient, but will be raised to normal levels
by giving the patient an injection of Tpp. Finally, if the enzyme is the
genetic variant which has a very low affinity for Tpp, then the addition
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of Tpp in vitro will have little effect upon the low activity level unless
a very high concentration of Tpp is added. It has been proposed that
this test can be used as a clinical diagnostic procedure (19).

As noted above, riboflavin also shows impaired activity in many
chronic alcoholics. The deficiency is a composite result, again, of
impaired absorption, impaired storage, and impaired phosphoryla-
tion to the co-factor flavin adenine dinucleotide (FaD). It has also been
proposed that the riboflavin deficiency may be a relative one because
in the alcoholic the total metabolic need for riboflavin may be in-
creased, and thus the consequences of a minor deficiency in the diet
may be exaggerated. This suggestion is interesting, but so far there
is no strong evidence to prove it, and it is not clear why the metabolic
requirement for riboflavin specifically would be raised.

Increased Excretion

A major factor in ethanol-induced deficiencies of zinc, magnesium,
and potassium is the impairment by alcohol of the renal tubular reab-
sorptive capacity for these ions (21-23). It seems probable that this
represents a direct local action of alcohol on the reabsorptive mech-
anisms for these ions, but the picture has not been as completely
worked out as it has for some of the other deficiencies noted above.
The deficiency of zinc and magnesium in alcoholics may be important
in some of the alcohol-related functional and pathological disturb-
ances, such as the fetal alcohol syndrome, the severe forms of alcohol
withdrawal syndrome, and other types of tissue disturbance.

Interaction between Dietary Deficiency and
Direct Effects of Ethanol

There is considerable evidence that the impairment of intestinal ab-
sorption of folic acid, noted above in alcoholics, depends not only
upon the direct action of alcohol but also upon the effects of dietary
folate deficiency. It has been observed, for example, that alcoholics
admitted to hospital after being on a poor diet for some period of
time had reduced intestinal absorption of folate, while those who
were admitted with comparable degrees of alcoholism but with a
history of good dietary intake did not show impaired folate absorption
(24). After being on a good diet in hospital, providing ample dietary
folate, all patients showed normal folate uptake after a period of
abstinence. When they were then permitted to resume alcohol drink-
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ing but were kept on the good diet, they did not show a return to
poor absorption of folate.

This has been confirmed experimentally. Subjects who were placed
on a low-folate diet and were given 200 g of ethanol daily (625 ml of
distilled spirits) developed marked impairment of the intestinal ab-
sorption of folate, glucose, sodium, and water. When the diet was
supplemented with high doses of folate, their absorption of all of
these nutrients returned to normal despite continued intake of the
same amount of alcohol (8). However, an important observation is
that while these changes were true of the group of subjects as a whole,
there were individual exceptions to these trends. For example, in one
such study of jejunal uptake of folic acid, all the subjects in the group
showed an improvement of uptake after a two-week period of absti-
nence from alcohol. However, when alcohol feeding was resumed
together with a good hospital diet, four subjects showed continued
improvement in folate absorption, but two showed a renewed de-
crease in absorption. Similar findings were obtained in a study of
changes in the absorption of D-xylose in alcoholic patients following
admission to the hospital, with institution of a normal diet but con-
tinued ingestion of alcohol in doses of 190-256 g/day (8). In that
experiment, nine subjects showed continued marked improvement
in xylose absorption despite the alcohol, but two failed to improve.
Similarly, fecal excretion of fat, which had been elevated in alcoholic
patients on admission to the hospital (presumably because of defi-
ciency of pancreatic or intestinal lipase activity), was reduced to normal
levels following the institution of a normal diet and abstinence from
alcohol in the hospital. When the same diet was continued but alcohol
administration was resumed at a daily dose of 256 g, the fecal fat
levels nevertheless fell in seven patients but increased in one (8).

These findings are important because they indicate that while a
combination of alcohol effect and poor diet may be needed to produce
serious malabsorption in most patients, there are, nevertheless, some
individuals with greater sensitivity to the effects of alcohol, who will
show impairment of intestinal absorption of at least some nutrients
by alcohol alone, even in the presence of a good diet.

The impairment of absorption of vitamin B,, by ethanol does not
appear to require the simultaneous presence of a deficient diet. Even
when patients are placed on a good diet in hospital, the reinitiation
of alcohol administration almost always impairs the absorption of B,,
(11). In the case of thiamine uptake into the brain, the interaction of
diet and alcohol effect is of a somewhat different nature. As noted
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above, impairment of the carrier-mediated uptake of thiamine by al-
cohol does not apply to the thiamine uptake that occurs as a result
of simple passive diffusion through the lipid membrane. While this
diffusion component is normally quite small, it is proportional to the
circulating concentration of thiamine because it is a first-order process.
Therefore a diet rich in thiamine can offset the inhibitory effects of
alcohol upon the facilitated transport mechanism by increasing mark-
edly the uptake through passive diffusion.

Implications for the Treatment of Alcoholics

The observations noted above carry a number of implications with
respect to the treatment of alcoholics showing nutritional deficiencies
associated with the use of alcohol (19). The first is that the impairment
of intestinal absorption by ethanol may markedly decrease the value
of the water-soluble forms of vitamins which are taken up by the
carrier-mediated processes. On the other hand, alcohol-induced pan-
creatitis, and its resultant steatorrhea, may decrease the absorption
of fat-soluble vitamins. In both of these cases it may be necessary to
use parenteral administration until the absorption defects have be-
come normalized. Alcoholic liver disease, as noted above, may also
decrease vitamin storage and lead to a large loss of vitamins in the
urine. Therefore the patients on admission usually require consid-
erably larger doses for the correction of their deficiency than the
normal requirements for the same vitamins in the diet. Under these
conditions the parenteral use of potent forms of the vitamins is best,
and therapy can be changed to oral administration of lower doses
later when gastrointestinal mucosal functioning has returned to nor-
mal. If activation of vitamins is impaired by alcohol, then it may be
better to use the already activated forms, such as Tpp instead of thia-
mine hydrochloride, if the activated forms are available.

Most important of all, however, is the need for the clinician to be
aware of possible nutritional deficiencies even when gross nutrition,
as reflected in body weight and muscle mass, appears to be normal.
Finally, the alert physician should be aware of the fact that the effect
of alcohol on the uptake and utilization of nutrients, like any other
biological process, has a Gaussian distribution, so that some individ-
uals are considerably more sensitive to the effects of alcohol than the
norm. Therefore, an apparently normal dietary history is not neces-
sarily a guarantee in all subjects that alcohol has not produced a
significant nutritional deficiency. The clinical state of the patient, and
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the necessary and relevant laboratory tests, must still be assessed in
each case individually in order to decide whether vigorous therapy
of dietary deficiency is necessary.
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Diet in Relation to
Osteoporosis

To understand the possible effects of nutritional status on the skel-
eton, it is necessary to review briefly the central features of bone
physiology. Bone tissue is formed by a specialized group of cells
known as osteoblasts, which synthesize and secrete an unmineralized
matrix, osteoid. Shortly after its formation, osteoid is “mineralized”
by the precipitation of calcium-phosphate salts (hydroxy-appatite)
within the matrix. Initial or primary mineralization occurs rapidly over
a few days, but the final calcified density is not achieved for several
months (1). After cessation of longitudinal growth, the whole skeleton
goes through a phase of “consolidation”, during which gradually
increasing calcification of bone takes place over the next ten years.
When consolidation is complete, “peak adult bone mass” is achieved,
usually by the age of 35 years. Thereafter, bone volume gradually
declines throughout the rest of adult life in both men and women.
Although peak cortical bone mass may remain constant until after
the menopause (2), it is likely that trabecular bone loss begins in
women before the menopause, perhaps soon after the achievement
of peak adult bone mass (3). In the peri-menopausal period, trabecular
bone loss from the vertebrae is accelerated to 2—3 times the normal
rate of loss attributed to “aging”. Cortical bone loss (e.g. from the
wrist or femoral neck) is only slightly accelerated. This may account
for the general division of involutional osteoporosis into Type I, pre-
dominantly affecting postmenopausal women in their 60os who pres-
ent with vertebral fractures, and Type II patients in their 70s who
present with hip fractures as a consequence of the slower cortical
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Figure 1. Diagram of “average” lumbar Bone Mineral Density (8Mp); changes with
age. BMD increases rapidly from birth through puberty. During “consolidation” of bone
calcification Peak Adult Bone Mass is reached; this is higher for men than for women
(solid lines). With age, progressive bone loss occurs, more rapidly in women during
menopause (lower curve). Note that BMD for women is lower at all ages when compared
to men.

bone loss. In the latter group the female:male ratio is only 2:1, com-
pared to 3:1 in Type I patients (4).

Accompanying this age-dependent loss of bone, there is a loss of
bone calcium content (commonly referred to as Bone Mineral Density,
since all non-invasive measurements of bone mass depend on the
detection of calcium content). For women aged 40 years or older, the
steady-state decline in vertebral BMD is about 1% per year, and this
accelerates with the onset of menopause, averaging 2-3% annually
during the postmenopausal decade. These changes are shown dia-
grammatically in Figure 1.

Although these changes are thought of in terms of a skeletal calcium
loss, it is important to appreciate that the mechanisms behind it are
far from simple. Throughout adult life bone tissue is continually
undergoing internal turnover by a process called remodelling. The
process of remodelling is the same in all bone tissue, whether it be
cortical bone, which is primarily found in the tubular long bones of
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the appendicular skeleton, or trabecular bone that surrounds marrow
spaces (found at the ends of long bones, in the vertebrae and pelvis).
Remodelling occurs in discreet packets by complex cellular units
known as Bone Multicellular Units (BMus). A new BMU is initiated by
the differentiation of specialized marrow cells into multinucleated
osteoclasts. These cells travel through cortical bone or along trabecular
bone surfaces, resorbing a discreet quantity of bone tissue. This leaves
a space within the bone tissue, which is later replaced by the activity
of a second group of cells (osteoblasts), which synthesize new osteoid
matrix. When this matrix is eventually mineralized, the original sMU
has been replaced by newly formed “bone.” The total cycle time of
the BMU is about go days in young normal adults (5). However, with
advancing age, the cycle time of a BMU may increase three-fold. Fur-
thermore, while the activity of osteoclastic bone resorption appears
to remain fairly constant, the efficiency of osteoblastic replacement
of bone matrix is relatively diminished, leading to a net deficit in bone
tissue/BMU cycle. Aggregated across the whole skeleton, this leads to
a progressive net loss of bone volume, most correctly termed “osteo-
penia.”

Osteoporosis

Osteoporosis is not a disease, but a syndrome that emerges as a
consequence of the falling bone mass which occurs during aging. At
a certain “threshold” of bone loss, the remaining bone (which is nor-
mally constituted in terms of its mineral and matrix components)
becomes susceptible to pathological fractures. Since this bone loss
occurs earlier in trabecular bone (e.g. the vertebrae) than in cortical
bone (e.g. the femoral neck), vertebral fractures tend to occur at an
average age of 65 years, and femoral neck fractures about a decade
later.

The impact of osteoporosis in total health care terms should not be
under-estimated. Twenty-five percent of women will have radiolog-
ical evidence of vertebral fracturing by the age of 65, and many of
them will be unable to carry out all their daily activities because of
chronic back pain. Femoral neck fractures may be numerically less
frequent, but their impact is more devastating. More than 10% of
elderly patients with hip fractures may die within six months of such
a fracture. In monetary terms, hospital health care costs directly re-
lated to osteoporosis amount to 3.8 billion dollars in the United States
(6). There is no cure for osteoporosis at present, and even promising
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agents such as sodium fluoride probably do not benefit more than
30% of patients who enter a treatment program. Therefore, factors
which might reduce the prevalence of osteoporosis, including nutri-
tional considerations, are potentially of great importance.

FACTORS AFFECTING THE PREVALENCE OF
OSTEOPOROSIS

For the purposes of this paper I have discussed only those factors
which may slow or delay bone loss associated with aging.

Age

This is one of the most important factors. Osteoporotic compression
fractures of the spine are very rare before the age of 45 and increase
dramatically thereafter.

Peak Adult Bone Mass

Obviously, the more bone an individual has accumulated by the age
of 35, the more he/she can afford to lose during subsequent decades
without developing osteoporosis. In part, peak adult bone mass is
geneticaly determined; one reason that very few black North Amer-
icans develop osteoporosis is their constitutionally larger skeletons.
For similar reasons, small-boned Asian women living in North Amer-
ica have a correspondingly high prevalence of osteoporosis. Similar
evidence can be seen within individual families, since height and
skeletal mass are quite closely determined by the genes of the parents.

Endocrine Factors

Some endocrine factors, particularly in the calcium-vitamin D axis,
may be related to nutritional status and will be discussed in detail
below. However, the single most important endocrine factor leading
to the development of osteoporosis relates to the menopause in
women. At that time ovarian function ceases and the level of estrogen
synthesis declines sharply. Thus, estrogen “lack” is the most impor-
tant factor determining the development of osteoporosis in white
women, who form over go% of its sufferers; estrogen replacement
therapy, at the time of menopause, prevents the accelerated bone loss
that otherwise occurs (7). Replacement must start within five years
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of the cessation of menses and should be continued to at least the
age of 65, since cessation of therapy at any time results in accelerated
rates of bone loss. Fears that prolonged estrogen therapy might induce
endometrial and breast carcinoma have largely proved unfounded.
Although estrogens have also been linked to an increased incidence
of coagulation abnormalities and thromboembolic phenomena in
younger women taking oral contraceptives, this does not appear as
a clinically important factor in older women taking estrogen supple-
ments (8). Even with these considerations factored into the equation,
risk-benefit analyses have confirmed that prolonged estrogen therapy
is sufficiently safe to justify the benefits of a reduction in potential
morbidity due to osteoporosis (9).

Exercise

It has long been known that total immobilization as experienced dur-
ing prolonged hospitalization, or by paraplegic patients, is associated
with a rapid, and only partially replaceable loss of skeletal mass. These
findings have been accentuated in manned space flight programs
because of the effects of weightlessness. Recently it has become ap-
parent that athletic exercise in many forms leads to increased peak
adult bone mass, and even graded exercise programs in older patients
can be shown to increase BMD. The lack of exercise in our predomi-
nantly sedentary Western civilization may, therefore, be an important
influence on the ultimate development of osteoporosis.

Nutrition

Although many nutritional factors have been linked to the develop-
ment of osteoporosis, only the most important will be discussed in
relation to calcium and vitamin D requirements, and dietary protein
and phosphate intake.

OSTEOPOROSIS AND NUTRITIONAL
FACTORS

Caveats

Before discussing nutritional factors and osteoporosis, a word of cau-

tion should be noted in the interpretation of available data.
Nutritional studies are not easy to do at the best of times. In order

to detect significant impacts on a particular condition, it is often nec-
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essary to study very large numbers of subjects. Bone loss leading to
osteoporosis is very slow. Typically these losses are associated with
negative external calcium balances in the order of 50 mg/day. How-
ever, the nature and expense of dietary balance studies have usually
allowed only small groups of subjects to be studied. For equally ob-
vious reasons, the study of bone mass has been similarly hampered,
because techniques for measuring bone mass must be extraordinarily
precise to detect small differences within patient groups. Two to four
years may be the minimum period needed to detect significant
changes. Indeed, nutritional studies have generally been too short to
even consider changes in skeletal BMD as an end-point for discussion.

Not surprisingly, the emergent data have been contradictory. Sim-
ple statistical considerations dictate that at least 40-50 subjects must
be recruited to detect differences in bone mass across time between
one intervention and another (10), imposing considerable problems
with experimental design. For this reason many studies have used
cross-sectional techniques in “at risk” populations rather than lon-
gitudinal studies of patients who subsequently develop osteoporosis.

Even studies which evaluated bone mass in osteoporotic subjects
longitudinally have generally utilized a measurement of cortical bone
mass (e.g. radiogrammometric measurement of metacarpal indices,
or single beam photon densitometry of the distal radius). These tech-
niques are not very sensitive when it comes to evaluating the earliest
changes in bone mass within trabecular bone (e.g. vertebral bone).
Although recent techniques for measuring trabecular bone mass are
now more readily available (e.g. dual beam photon densitometry and
quantitative computerized tomography of the lumbar spine), they
have not yet addressed the issue of nutrition and the development
of osteoporosis.

CALCIUM REQUIREMENTS

The daily calcium intake necessary to maintain “neutral” external
calcium balance is termed the dietary calcium requirement. Nordin
has postulated that middle-aged English subjects require a minimum
daily calcium intake of 500-600 mg/day (11). The recommended daily
allowance (rpa) of calcium is generally defined as the amount that
will prevent symptoms of overt deficiency in nearly all the healthy
population (theoretically 97.5%). The rRpA for calcium is much higher
in adolescents (1200 mg) because of the enormous requirements of
the growing skeleton. In adults the RpaA is set at 8oo mg, slightly more
than Nordin’s “minimal” estimate (12).
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However, calcium requirements in aging populations may greatly
exceed the stated rRDA. For example, by direct measurement of intes-
tinal (jejunal) calcium transport, Ireland and Fordtram demonstrated
diminishing efficiency of calcium absorption with advancing age (13).
Using longitudinal and cross-sectional studies in the United States,
Heaney et al. (14) have demonstrated that peri-menopausal women
are in a negative external calcium balance of approximately 30 mg/
day, at a self-chosen dietary calcium intake of about 660 mg/day; by
regression analysis they calculated that average calcium requirements
in elderly women should more realistically be set at 1200-1500 mg/
day. If the usual allowance of two standard deviations is applied to
the higher figure, then the rpa for post-menopausal women may be
as high as 1925 mg/day — a figure almost impossible to meet through
dietary habits.

From Canadian statistics, women in their 60’s ingest an average
intake of 600-800 mg calcium/day and thus fall well below these
modified recommendations for calcium intake. In practice, the actual
dietary intake available to a person consuming neither milk nor dairy
products averages 400 mg/day. Most of the additional calcium intake
would have to be supplied from dairy products or calcium supple-
ments in the form of pills. Milk in its various forms supplies approx-
imately 300 mg of elemental calcium/250 ml serving, with cheese being
an equally appropriate source (15). From most dietary surveys, it is
clear that elderly patients do not have a natural taste for dairy prod-
ucts; although the data are controversial, one possible explanation
for this finding is the increasing prevalence of intestinal lactase de-
ficiency that occurs with age, resulting in milk-intolerance (16).

Calcium deficiency, hormonal balance,
and osteoporosis

While there is no dispute about the declining efficiency of calcium
absorption with age, several hypotheses have been put forward to
explain this. Under the first hypothesis, some authors suggest a de-
ficiency in the renal synthesis of calcitriol brought about by age-related
decreases in renal function, coupled perhaps to estrogen deficiency.
Because calcitriol (1,25(OH), vitamin D) is the most active hormone
regulating dietary calcium absorption, this deficiency would lead to
a tendency for hypocalcaemia stimulating a reactive increase in para-
thyroid hormone (pTH) secretion. The increased action of pPTH on bone
resorption would then lead to the eventual development of osteo-
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porosis. Under a second hypothesis, there might be an imbalance
between bone resorption and bone formation, perhaps because es-
trogen deficiency leads to enhanced sensitivity of bone to prH-me-
diated bone resorption. As a result of enhanced bone resorption,
serum calcium levels would tend to rise, leading to suppression of
PTH levels, suppression of prH-modulated renal conversion of 25-0H
vitamin D to calcitriol, and resulting in a secondary reduction of di-
etary calcium absorption.

Both hypotheses explain the reduced intestinal absorption of di-
etary calcium, and increased bone loss leading to osteoporosis, but
both also require the demonstration that serum levels of calcitriol are
decreased in the elderly osteoporotic population. Moreover, the first
hypothesis implies an increase in circulating PTH levels, and the sec-
ond a decrease. Unfortunately, circulating levels of calcitriol and pTH
in osteoporotic patients have been variously reported to be high,
normal, or low (12,17,18), so that these biochemical hypotheses re-
main controversial. Schematic diagrams outlining these theories are
shown in Figure 2. Furthermore, bone histomorphometric studies in
patients with established osteoporosis generally show a dramatic re-
duction in bone turnover and bone resorption surfaces (irrespective
of circulating prH). Indeed, it is possible that bone tissue becomes
resistant to the actions of circulating pTH during the aging process,
leading to further difficulties in accepting either of the two hypotheses
outlined above.

Dietary calcium intake and bone mass

As detailed in the foregoing arguments, suggested dietary calcium
intake should approximate at least 1000 mg or more of elemental
calcium/day to achieve “neutral” external calcium balance. If this con-
dition is not met, numerous “secondary” endocrine factors might
come into play to promote accelerated bone loss. Moreover, osteo-
porotic patients appear to have “undercalcified” bone (19), which can
be improved by oral calcium supplements. Thus, it appears that there
are cogent arguments to advocate dietary calcium supplementation
for North American women. Have these arguments stood the test of
time?

There are intriguing data about the importance of dietary calcium
intake in young adults (aged 15~35 years) who are undergoing rapid
skeletal growth, and subsequently “consolidation” of bone mineral-
ization. Although often quoted as an argument to supplement calcium
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Figure 2. Theoretical endocrine mechanisms leading to Osteoporosis, based upon
accepted concepts of the Calcium-Endocrine Axis.

Theory 1 (reduced renal calcitriol synthesis): There is a primary failure in renal pro-
duction of calcitriol (1,25(OH),p). The resulting impairment of dietary calcium absorp-
tion (1) then leads to relative hypocalcemia (2), resulting in excess pTH secretion (3),
increased prH-mediated bone resorption (4), and osteoporosis. Increased PTH secretion
would be a compensatory mechanism attempting to increase renal synthesis of calcitriol
from circulating vitamin D stores (5).

Theory 2 (increased bone resorption): As a result of estrogen deficiency during men-
opause there is a primary imbalance between bone resorption and formation, such that
resorption predominates; excessive release of bone calcium tends to increase serum
calcium (1) which, in turn, reduces pTH secretion (2), leading to decreased renal pro-
duction (3) of calcitriol (4) from circulating vitamin D stores. This results in reduced
intestinal resorption of dietary calcium (5).

Both theories imply reduced dietary calcium absorption. However, the evidence for
additional changes in the Calcium-Endocrine Axis in osteoporosis are controversial
(see text).

intake in the elderly, the studies of Matkovik et al. (20) argue instead
for an adequate calcium intake in young adults. In this widely re-
ported study of Yugoslavians from two districts having a marked
disparity between calcium intake (approximately 500 mg vs 1000 mg),
the incidence of fractures in both wrists and femoral necks was much
higher in the population living in a low-calcium district. The authors
pointed out that the main determinant of cortical bone mass in the
elderly seems to have been predicated by the prolonged early calcium
deficiency seen in the low-calcium district. Other studies in North
America have suggested that both cortical and trabecular bone mass
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in later life may be determined by the level of dietary calcium intake
in the third and fourth decade (21,22) and suggest that a dietary intake
in excess of one gm/day is optimal. Indeed, from dietary survey data
cited by Marcus, it is apparent that North Americans have a dietary
calcium intake well below the RDA from age ten onwards, particularly
during adolescence (23). The most important impact of this would
lead to a lower “peak adult” bone mass. This would predispose young
adults to the earlier development of osteoporosis in later life.

However, it has become axiomatic that elderly patients with estab-
lished osteoporosis benefit from large doses of calcium supplemen-
tation. The reasons behind this have been cited from a number of
uncontrolled trials (6,24). In the study by Riggs et al. there was an
apparent reduction in vertebral fracture rates in patients treated with
calcium supplements as compared to untreated patients (24). How-
ever, the relationship between current dietary calcium intake and bone
mass is tenuous at best (12). Although controlled prospective clinical
trials have demonstrated that calcium supplements alone do not pre-
vent bone loss in either osteoporotic or non-osteoporotic, middle-
aged/elderly patients (25-28), concurrent low-dose estrogen therapy
may enhance the ability of a high-dietary calcium intake to blunt post-
menopausal bone loss (14).

Comment

A review of the literature shows that there are good reasons to believe
that dietary calcium intake may influence bone mass, but the most
important influence may occur during earlier decades before peak
adult bone mass has been achieved. During middle age and later
decades self-chosen dietary calcium intake may not be an important
factor in the development of osteoporosis, even though there are good
theoretical grounds for believing that it should. There is no sound
prospective evidence that increasing dietary intake in elderly patients
prevents or retards the development of osteoporosis. Although seem-
ingly without risk (12), calcium supplements are not without cost. As
a general recommendation, calcium supplementation in the middle-
aged North American female population may be premature.

NUTRITIONAL VITAMIN D SOURCES AND
OSTEOPOROSIS

Vitamin D is not a true “vitamin,” since it can be synthesized in the
skin by ultraviolet (sunlight) irradiation of 7-dehydrocholesterol lead-
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ing to the formation of cholecalciferol (vitamin D,). In North America
our diet is fortified by a semisynthetic compounds, ergocalciferol (vi-
tamin D,), which is added to all dairy products, particularly milk,
cheese, and butter. Vitamin D (either cholecalciferol or ergocalciferol)
is first converted to 25-0H vitamin D by the liver, and this metabolite
is further converted in the kidney to the active compound, 1,25-0H
vitamin D (calcitriol). Although calcitriol is currently assumed to per-
form all of the major physiological actions of vitamin D, nutritional
vitamin D status is most accurately reflected by measurement of the
intermediate hepatic metabolite, 25-0H vitamin D. Vitamin D defi-
ciency, from whatever cause, leads to impaired intestinal calcium
absorption and hypocalcaemia. In its severest form, this leads to os-
teomalacia, whereby osteoid matrix is inadequately mineralized and
leads to bone pain and fractures. Osteomalacia is very uncommon in
North America and is quite distinct from osteoporosis; this form of
bone disease can easily be distinguished by bone biopsy criteria.

However, mild vitamin D deficiency can be compensated for, be-
cause the resultant hypocalcaemia leads to chronic increases in para-
thyroid hormone secretion. Under these circumstances there may be
a preferential loss of cortical bone which, in the elderly, leads to an
increase in fractures primarily associated with cortical bones (e.g.
femoral neck fractures) (29).

In North America, there are probably four times as many sources
of dietary vitamin D as in the United Kingdom. Thus, in the elderly
population, dietary vitamin D might be more important than ultra-
violet irradiation of the skin, because of the frequent coexistence of
chronic illness, confinement indoors, and perhaps impaired metab-
olism of vitamin D intermediates by the kidney (30).

The interrelationships between vitamin D and osteoporosis remain
unclear, especially in North American populations where controlled
clinical studies have not been performed. While patients in Europe
appear to be at risk of developing overt vitamin D deficiency and
osteomalacia, and may be at risk of developing osteoporotic fractures
through the femoral neck, there is no existing evidence that North
American patients actualiy suffer from vitamin D deficiency (31). Al-
though therapy of osteoporosis patients with vitamin D supplements
would theoretically enhance intestinal calcium absorption, it is sig-
nificant that the study by Riggs et al. (24) showed no beneficial effects
on fracture rates when osteoporotic patients were treated with vitamin
D as well as a number of other therapeutic agents, including calcium,
estrogens, and fluoride.
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Comment

While Parfitt has suggested that the probable daily needs for vitamin
D may increase in the elderly from an rpa of 400 U/day to 600-800
U/day, there is little evidence in North America to support the hy-
pothesis that subclinical vitamin D deficiency leads to osteoporosis,
and no evidence to support its use in the treatment of established
osteoporosis (29,30).

DIETARY PROTEIN AND PHOSPHATE

Phosphate is primarily an intracellular mineral, found in high con-
centrations in protein-rich foods. Nutritional changes in phosphate
intake usually parallel a corresponding change in dietary protein.
There are theoretical reasons for considering that high protein diets
lead to osteoporosis. The sulfur-containing amino acids contained in
most natural proteins are metabolized to acidic residues essentially
equivalent to a net gain of total body H,SO,. This potential metabolic
acidosis would bring in the buffering capacity of bone calcium car-
bonate, liberating bone calcium, and resulting in hypercalciuria. This
would lead, in turn, to osteoporosis. High phosphate diets also lead
to a decrease in serum calcium and secondary increase in circulating
parathyroid hormone. Secondary hyperparathyroidism might also
lead to osteoporosis (see above). However, high pTH levels tend to
cause a relative reduction in urinary calcium output because of a
physiologic role of parathyroid hormone causing renal retention of
calcium. Thus, the combined effects of high protein/high phosphate
diets seem to have opposing effects on urinary calcium excretion, but
similar effects upon bone loss.

The concurrence of increasing dietary phosphate as protein intake
increases has led to a number of attempts to separate these two factors
by dietary manipulations (for review see Marcus (17)). It seems clear
that high protein diets do lead to hypercalciuria, so that roughly
doubling the dietary protein intake leads to a 50% increase in urinary
calcium excretion. Populations ingesting very high protein intakes
(200—400 gm/day) have a lower BMpD than would be expected (32).
Although high phosphate diets lead to biochemical evidence of in-
creased parathyroid hormone secretion in the short term, long-term
phosphate supplementation (e.g. prescribed for patients with renal
calculi) does not confirm this (33). Moreover, dietary balance studies,
in which protein and phosphate intakes are increased proportion-
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ately, do not confirm that long-term urinary calcium hyper-excretion
occurs, suggesting that the effects of these diets upon bone dissolution
might be cancelled out (17,34). However, it is significant that all di-
etary studies performed to date have been of relatively short duration
(less than one year), and few of them have studied skeletal sMD
concurrently.

Comiment

The principal objections to evaluating the effects of high dietary phos-
phate and protein intakes in the genesis of osteoporosis are several:
1. many of the experiments have been performed in animals, usually
rodents, in which bone metabolism is considered to be very different
from that leading to the osteoporotic syndrome in elderly humans;
2. studies in humans have often used non-physiological synthetic
diets in order to vary the phosphate and protein intake independently;
or 3. have utilized very unrealistic protein loads (in excess of 100 gm/
day), that are never consumed for long periods by large sections of
the population; 4. many studies have used young male volunteers,
who are almost certainly not reflective of the predominantly elderly
female population who go on to develop the osteoporotic syndrome
in later life. It is, therefore, difficult to relate the data from experi-
ments, however well-conducted, to the ultimate development of ac-
celerated bone loss and the development of osteoporosis in the
particular segment of the population at risk. Although studies so far
conducted in humans are important, none of the theories regarding
protein and phosphate intake have been put to the test in prospective,
longitudinal, controlled clinical trials. Given the immense difficulties
in conducting such studies, it is quite possible that they will never
be done.

Conclusion

The osteoporotic syndrome is so common in the aging population
that it should not be regarded as a disease. Whether it is simply a
phenomenon of senescence, or whether there is a distinct subgroup
of female patients who lose bone mass faster than their peers, remains
to be proven. However, it is clear that the factors leading to osteo-
porosis are multiple, and there is no convincing evidence that nutri-
tional factors play a predominent role in the development of this
syndrome. Given that the endocrine mechanisms leading to accel-
erated bone loss (apart from the occurrence of estrogen “lack” during
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menopause) are so controversial, the role of calcium deficency in
leading to osteoporosis and calcium supplementation should be
viewed as an open question.
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MINAKO NAGAO, AND HIROKO OHGAKI

Mutagens and Carcinogens
Formed during Cooking

Nutrition and diet are closely related to cancer development in human
beings (1,2). For instance, intake of high levels of calories and fat is
related to high incidence of cancers in the colon and breast in humans.
In addition, a high intake of protein is also claimed to be related to
high incidences of cancers in certain organs like the urinary bladder.
Minor elements such as vitamins and selenium are also related to
human carcinogenesis, and a high daily intake of salt is generally
thought to enhance stomach carcinogenesis. Nitrite and nitrate in-
takes are closely related to in vivo production of carcinogenic nitro-
samine and nitrosamide compounds. Moreover, non-nutritional
components such as fibre are important factors in suppressing the
incidence of colon cancer. All these relations are described in detail
in this volume of the proceedings of the Symposium.

Aromatic hydrocarbons produced by heating, nitrosamines and
their precursors, aflatoxin B, produced by mould, and other naturally
occurring substances including cycasin in cycad nuts, ptaquiloside
(aquilide A) in bracken fern, and pyrrolizidine alkaloids in some edible
plants have been shown to be mutagens/carcinogens in food (3,4).

In this chapter, newly discovered heterocyclic amines, which are
produced by cooking fish and meat, are introduced. These com-
pounds are mutagenic to Salmonella typhimurium TAg8 and TA100 with
a metabolic activation system. They are also mutagenic and clasto-
genic towards cultured mammalian cells. Moreover, in long-term an-
imal carcinogenesis experiments, all of these compounds so far tested
were carcinogenic (5-7). Since this new class of mutagens and car-
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Table 1

Chemical Names, Abbreviations, Sources, and References of Newly Isolated

Diet and Cancer

Heterocyclic Amines.
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Number in
Fig. 1 Chemical name Abbreviation Source Reference
1 2-Amino-3-methylimidazo- 1Q Broiled sun-dried 17
[4,5-flquinoline sardine
11 2-Amino-3,4-dimethyl- MelQ Broiled sun-dried 18
imidazo[4,5-flquinoline sardine
111 2-Amino-3,8-dimethyl- MelQx Fried beef 19
imidazof4,5-flquinoxaline
v 2-Amino-1-methyl-6- PhIP Fried beef 20
phenyl-imidazo([4,5-b]-
pyridine
\% 2-Amino-3,4,8-trimethyl- 4,8-DiMelQx Heated mixture of 21
imidazo[4,5-f]quinoxaline creatinine, threonine
and glucose
\! 2-Amino-3,7,8-trimethyl- 7,8-DiMelQx Heated mixture of 22
imidazo{4,5-flquinoxaline creatinine, glycine
and glucose
Vil 3-Amino-1,4-dimethyl-5H-  Trp-P-1 Tryptophan 23
pyrido[4,3-blindole pyrolysate
VIII 3-Amino-1-methyl-5H- Trp-P-2 Tryptophan 23
pyridol4,3-blindole pyrolysate
IX 2-Amino-6-methyldipyrido- Glu-P-1 Glutamic acid 24
[1,2-a:3',2'-dlimidazole pyrolysate
X 2-Aminodipyrido[1,2-a: Glu-P-2 Glutamic acid 24
3',2'-dlimidazole pyrolysate
XI 2-Amino-5-phenylpyridine  Phe-P-1 Phenylalanine 23
pyrolysate
X1 4-Amino-6-methyl-1H- Orn-P-1 Ornithine pyrolysate 25
2,5,10,10b-tetraaza-
fluoranthene
XIiI 2-Amino-9H-pyrido(2,3-b]- AaC Soybean globulin 26
indole pyrolysate
Xiv 2-Amino-3-methyl-9H- MeAaC Soybean globulin 26
pyrido(2,3-blindole pyrolysate

cinogens is present in our daily food and these heterocyclic amines
are produced during cooking, their formation cannot be completely
prevented. Although the actual daily intakes of these compounds are
much lower than the doses causing cancer in experimental animals
given diets containing each compound singly, the risk of cancer de-
velopment in humans by these compounds should be considered
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more carefully. The estimation of this risk and practical measures to
control exposure of humans to these mutagens, carcinogens, and
tumour promoters will be described in connection with other suitable
measures for prevention of cancer.

Historical Background of Studies on Mutagenic and Carcinogenic
Heterocyclic Amines in Cooked Food

In the early 1970s, the mutagenicities of typical carcinogens were first
demonstrated by Ames’s group in California and by us in Tokyo (8,9).
Two main factors were responsible for rapid development of studies:
the concept of metabolic activation, developed by Miller and Miller,
Gelboin and many others (10,11); and the use of Salmenella typhimu-
rium strains for mutation assay, developed mainly by Ames et al. (12).
Since cigarette tar contains a variety of mutagenic and carcinogenic
compounds, it is not surprising that charred parts of cooked food also
contain mutagenic and carcinogenic compounds. However, curiously
enough, few scientists tried to find mutagens and carcinogens in
foods, although there were a limited number of reports on this subject,
including a paper on the presence of aromatic hydrocarbons in broiled
meat and coffee beans (13,14). Moreover, it was very difficult to find
new, unknown carcinogens in cooked foods, because animal exper-
iments for carcinogenicity may take as long as two years, and ex-
amination of many specimens in such experiments is not practically
possible. In contrast with animal experiments, mutation tests on mi-
crobes take only a few days and are suitable for screening large num-
bers of samples obtained by fractionation of crude food stuffs. Using
this test, we found high mutagenicity in the smoke produced by
broiling dried fish (15,16), which we collected as a tar on a glass-fibre
filter. We also detected mutagenicity in methanol extracts of charred
parts of beef steak and broiled fish. By use of the mutation test for
monitoring activity, we also succeeded in purifying mutagenic sub-
stances from charred parts of broiled fish, broiled beef and beef ex-
tract, and also from pyrolysates of amino acids and proteins. These
compounds were identified and their organic syntheses provided suf-
ficient amounts for use in long-term animal experiments.

Properties of Newly Isolated Heterocyclic Amines

Up to the present, 14 heterocyclic amines have been isolated and their
structures determined. 1Q, MelQ, MelQx, and PhIP were originally
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Figure 1. Structures of heterocyclic amines isolated from various pyrolysates.

isolated from cooked foods (17-20), and 4,8-DiMelQx and 7,8-Di-
MelQx were recently newly isolated together with MelQx from a
heated mixture of creatinine, amino acids, and sugars (21,22). Trp-P-
1, Trp-P-2, Glu-P-1, Glu-P-2, Phe-P-1, Orn-P-1, AaC, and MeAaC
were originally isolated from experimentally prepared pryolysates of

amino acids or protein (23-26).

Figure 1 shows the structures of these compounds, and Table 1 lists
the full chemical names, trivial abbreviations, and references to papers
describing the first isolations of these compounds.
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Table 2
Mutagenicities of Heterocyclic Amines and Typical Carcinogens
in Salmonella Typhimurium

Revertants/ug
Compound TA98 TA100
1Q 433,000 7,000
MelQ 661,000 30,000
MelQx 145,000 14,000
PhiP 1,800 120
4,8-DiMelQx 183,000 8,000
7,8-DiMelQx 163,000 9,900
Trp-P-1 39,000 1,700
Trp-P-2 104,200 1,800
Glu-P-1 49,000 3,200
Glu-P-2 1,900 1,200
Phe-P-1 41 23
Orn-P-1 56,800 —
AaC 300 20
MeAaC 200 120
Aflatoxin By 6,000 28,000
AF-2 6,500 42,000
4-Nitroquinoline 1-oxide 970 9,900
Benzo(a)pyrene 320 660
MNNG 0.00 870
N,N-Diethylnitrosamine 0.02 0.15
N,N-Dimethylnitrosamine 0.00 0.23

MNNG: N-Methyl-N’-nitro-N-nitrosoguanidine

These compounds are highly mutagenic towards Salmonella typhi-
murium TAg8 in the presence of Sg mix (5-7). S9 mix is essential for
demonstrating the mutagenicity of heterocyclic amines. Routinely, Sg
mix from rats given polychlorinated biphenyls (pcs), which induces
cytochrome P-450s, is used, but it can be replaced by a combination
of phenobarbital and B-naphthoflavone (27). S9 mix obtained from
the liver of a monkey that was not given any inducer of P-450s was
effective for demonstrating the mutagenicity of heterocyclic amines
(28), and S9 mix from human liver also activated heterocyclic amines
efficiently (29). In Table 2, mutagenic activity is expressed as the
number of revertants produced by 1 ug of substance under defined
conditions. As can be seen, most of the new heterocyclic amines
showed higher mutagenic activity than typical carcinogens such as
aflatoxin B, 4-nitroquinoline 1-oxide, AF-2, namely 2-(2-furyl)-3-(5-
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Figure 2. Structures of adducts of Trp-P-2, Glu-P-1, and IQ with guanine.

nitro-2-furyl)acrylamide, benzo(a)pyrene, and N-nitroso compounds.
They showed mutagenic activity towards Salmonella typhimurium
TA100 also, although TAg8 was more susceptible.

Heterocyclic amines are converted metabolically to hydroxyamino
derivatives (30). Cytochrome P-450s, and especially cytochrome P-
448, induced by 3-methylcholanthrene in rat liver, are responsible for
this oxidation. The hydroxyamino derivatives are further converted
to their acetate or sulfate esters, yielding ultimate forms that readily
react with bases of pNA. Studies by the 32P-postlabeling method have
revealed the presence of several modified bases in liver pNa from rats
treated with these heterocyclic amines (31). The formation of adducts
with DNA bases has also been demonstrated in vivo by administration
of heterocyclic amines and in vitro by incubation of some heterocyclic
amines with DNa in the presence of a metabolic activation system, or
by incubation of the ultimate forms of heterocyclic amines with pNa
(30,32). Adducts were purified and structures of major adducts were
determined to be as shown in Figure 2 (33-35).
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Table 3
Mutagenic Activities of Heterocyclic Amines in Chinese Hamster Lung Cells

DT" mutants/10° survivors

Compound induced by 1 ug/ml
1Q 40

MelQ 38

MelQx 5.7
Trp-P-1 33
Trp-P-2 160
Glu-P-1 1.2
Glu-P-2 0.3

AaC 20

Incubation of the human c-Ha-ras-1 proto-oncogene with the ace-
toxyamino derivative of Glu-P-1 resulted in its activation (36). The
sequence of this mutated c-Ha-ras-1 activated in vitro in transformants
obtained by NIH3T3 cell transfection assay has been characterized by
restriction fragment length polymorphism using restriction enzyme
Msp1. Of fourteen transformants induced by c-Ha-ras-1 activated in
vitro, six contained a mutation in the CCGG sequence covering two
bases each of the eleventh and twelfth amino acid codons. A mutation
of an amino acid at position 12, 13, 59, or 61 is known to result in
the acquisition of activity to transform NIH3T3 cells. However, ras
family oncogenes were apparently not involved in the main mecha-
nism of activation in intestinal carcinomas and hepatocellular carci-
nomas of rats induced by administration of diet containing Glu-P-2
and IQ, respectively (37,38). Other mechanisms could be implicated
in carcinogenesis by heterocyclic amines.

These heterocyclic amines are mutagenic towards cultured Chinese
hamster lung cells with a marker of resistance to diphtheria toxin, as
shown in Table 3 (39). Inclusion of a metabolic activation system
enhanced their mutagenic potentials, indicating that Chinese hamster
lung cells themselves do not have a sufficient capacity to activate
heterocyclic amines fully. Mutagenic activities in other cultured cell
lines, the production of sister-chromatide exchanges in a permanent
cell line of human lymphoblastoid cells NL3, and chromosomal ab-
errations in a Chinese hamster cell line of lung fibroblast origin have
been reported (40,41).
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Table 4

Percentages of Mutagenicity due to Non-IQ and IQ Types of Heterocyclic Amines in
the Basic Fractions of Various Pyrolysed Materials

Material Non-1Q-type 1Q-type
Cigarette smoke condensate 85 6
Broiled sardine 3 88
Fried beef 24 75
Broiled horse mackerel 42 48

The metagenicities of all the heterocyclic amines were completely
lost on treatment of the compounds with hypochlorite (42). Nitrite
treatment (2 mM) also abolished the mutagenicities of a group of
heterocyclic amines including Trp-P-1, Trp-P-2, Glu-P-1, Glu-P-2,
AaC, and MeAaC by causing their deamination and conversion to
hydroxy derivatives (43,44). AaC showed direct-acting mutagenicity
after treatment with nitrite, yielding 2-hydroxy-3-nitroso-a-carboline
which did not show mutagenicity in the presence of Sg mix (44).

On the contrary, nitrite treatment did not cause loss of the muta-
genicities of IQ, MelQ, MelQx, and 4,8-DiMelQx. The different sen-
sitivities of non-IQ-type and IQ-type heterocyclic amines to nitrite
and the sensitivities of both groups to hypochiorite can be used for
determination of the contributions of non-IQ-type and IQ-type het-
erocyclic amines to the total mutagenic activity of the basic fraction
of pyrolysates, including cigarette tar and charred cooked fish and
meat (45). As expected, the non-IQ-type is predominant in cigarette
tar, while the IQ-type accounts for almost all mutagenicity in broiled
sardine and fried beef (Table 4).

The amino-group of IQ-type heterocyclic amines was found to be
converted to a nitro-group by treatment with a much higher concen-
tration of nitrite of 50 mM (46). Nitro-heterocyclic compounds do not
require metabolic activation by S9 mix for mutagenicity towards Sal-
monella typhimurium TA98 and TA1o00, probably because they are ac-
tivated by a bacterial nitroreductase. Sunlight-irradiation of 1Q-type
heterocyclic amines also produces nitro-derivatives.

Carcinogenesis of New Heterocyclic Amines

F344 strain rats and CDF, strain mice of both sexes were given diets
containing each heterocyclic amine at 0.01-0.08% and water ad libitum
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Table 5
Carcinogenicity of Heterocyclic Amines in Rats and Mice

Species TDsg
Chemical (concentration) Target Organs (mglkg/day)
1Q Rats Liver, small & large intestine, 0.7
(0.03%) Zymbal gland, clitoral gland,
skin
Mice Liver, forestomach, lung 14.7
(0.03%)
MelQ Rats Large intestine, Zymbal gland, 0.1
(0.03%) skin, oral cavity, mammary gland
Mice Liver, forestomach 8.4
(0.04%)
MelQx Rats Liver, Zymbal gland, 0.7
(0.04%) clitoral gland, skin
Mice Liver, lung, hematopoietic 11.0
(0.06%) system
Trp-P-1 Rats Liver 0.1
(0.015%)
Mice Liver 8.8
(0.02%)
Trp-P-2 Mice Liver 2.7
(0.02%)
Glu-P-1 Rats Liver, small & large intestines, 0.8
(0.05%) Zymbal gland, clitoral gland
Mice Liver, blood vessels 2.7
(0.05%)
Glu-P-2 Rats Liver, small & large intestines 5.7
(0.05%) Zymbal gland, clitoral gland
Mice Liver, blood vessels 4.9
(0.05%)
AaC Mice Liver, blood vessels 15.8
(0.08%)
MeAaC Mice Liver, blood vessels 5.8
(0.08%)

continuously for 40 to 104 weeks. As shown in Table 5, tumours
developed: in the liver, small and large intestines, Zymbal gland,
clitoral gland, and skin of the rats (47-50,50a); and in the liver, lung,
hematopoietic system, forestomach, and blood vessels of the mice

(51~55).
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The incidence of hepatocellular carcinomas induced by heterocyclic
amines was higher in female mice than in males (51-55), but typical
hepatocarcinogens, such as 7,12-dimethylbenz(a)anthracene and
1,1,1-trichloro-2,2-bis-(p-chlorophenyl)ethane, induce hepatocellular
carcinomas at higher incidence in male mice than in females (56,57).
In rats, the incidence of hepatocellular carcinoma induced by het-
erocyclic amines is significantly higher in males than in females
(47,48,50) or almost the same in the two sexes (49).

On treatment with heterocyclic amines, adenocarcinomas in small
and large intestines were more frequent in male rats than in females
(47,48), and did not develop in mice (51-55). This interesting differ-
ence between rats and mice indicates the difficulty in estimating hu-
man risk from data on carcinogenesis in rodents, as described later.
Histologically, the adenocarcinomas of the large intestine of rats were
similar to those of humans (47,48).

In mice, hemangioendothelial sarcomas were found mainly in the
subcutis of the interscapular region, where brown adipose tissue is
present (52). These sarcomas also developed in the pleural cavity,
peritoneal cavity, and axilla, but much less frequently. Histologically,
hemangioendothelial sarcomas are identified by the presence of pro-
liferating neoplastic endothelial cells and numerous erythrocytes. He-
mangioendothelial sarcomas have been suspected to develop from
brown adipose tissue, but they were not found in rats, although rats
also have brown adipose tissue (47). Squamous cell carcinomas fre-
quently developed in the Zymbal gland and clitoral gland of rats
(47,48,50), suggesting that the carcinogens or their metabolites ac-
cumulate in sebaceous glands. Squamous cell carcinomas in the Zym-
bal or clitoral glands were not found with mice (51-55).

Squamous cell carcinomas developed in the forestomach of mice
given a diet containing MelQ (54). It is noteworthy that these carci-
nomas metastasized to the liver at an unusually high frequency in
rodent experiments.

There is no correlation between the potencies of mutagenicity of
these compounds towards Salmonella and their carcinogenicities in
rodents. For instance, 1Q, MelQ, and MelQx were about 1000 times
more mutagenic than AaC and MeAaC, but their carcinogenecities
in mice expressed as TD,, values were similar to those of AaC and
MeAaC. Therefore, heterocyclic amines that are present in higher
amounts in the environment must be more important in human car-
cinogenesis; for instance, PhIP (20), which shows moderate muta-
genicity but is the main heterocyclic amine by weight present in many
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foods, may be fairly important. Experiments on the carcinogenicity
of PhIP are now in progress in this laboratory. The positive data
obtained in carcinogenicity experiments on newly isolated hetero-
cyclic amines proved that use of the microbial mutation test for de-
tecting new carcinogens in cooked food and for monitoring their
purification is rational, practical, and efficient (58).

Evaluation of the Importance of Heterocyclic Amines in
Development of Human Cancer

The discovery of a series of new mutagenic and carcinogenic hetero-
cyclic amines was significant because most of these compounds were
isolated from cooked fish and meat and some of those first isolated
from pyrolysates of amino acids and proteins were later also found
in cooked foods.

Many aromatic amines such as 2-acetylaminofluorene and B-na-
phthylamine have been widely used in experiments on carcinogen-
esis. B-Naphtylamine has been used as an intermediate in the
manufacture of dyes and antioxidants (59), but most aromatic amines
used in carcinogenesis experiments in the laboratory do not occur
naturally and are not present in the human daily environment. On
the contrary, the newly found heterocyclic amines are mainly present
in ordinary cooked foods. As described earlier, primates, including
humans, have a metabolic system for activating heterocyclic amines
(28,29), suggesting that these compounds should be mutagenic and
carcinogenic toward humans. Possible metabolites of MelQx were
recovered from the feces and urine of persons who had eaten fried
ground beef (60,61), so heterocyclic amines in cooked food may be
absorbed from the intestine and excreted in the urine. Moreover, since
metabolites of a heterocyclic amine were found in the bile of rats given
the *4C-labeled heterocyclic amine by gavage (62), heterocyclic amines
absorbed from the intestine are probably also excreted via the bile in
the feces in humans.

There has been only one epidemiological study on broiled food,
showing that a population eating much broiled fish showed a higher
incidence of gastric cancer than a control population (63). When Syrian
golden hamsters were given diet containing 5, 10, 20, or 40% broiled
fish meal, no cancers developed in any of the organs in which tumours
developed in mice and rats given pellet diet containing single het-
erocyclic amines at concentrations of 0.01-0.08% (64). However, in a
similar experiment with Wistar rats, diets containing 25 and 50%
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broiled fish meal resulted in high incidences of lesions, such as ero-
sion, regeneration, and the appearance of hyperplastic epithelium
and atypical epithelium in the glandular stomach (65). The amounts
of mutagens/carcinogens in the broiled fish may not have been suf-
ficiently high to induce malignant tumours, but the presence of a high
level of sodium chloride may enhance carcinogenic processes in the
glandular stomach.

Human cancer might develop with collaboration of initiation by
heterocyclic amines and tumour promoters. This possibility is sup-
ported by the finding that when a limited amount of various heter-
ocyclic amines were painted on mouse skin no tumours developed,
but when a promoter, phorbol ester, was painted on the skin after
the painting of heterocyclic amines, many tumours developed (66).

Ideally, all mutagens/carcinogens should be removed from our diet,
but because this is not possible, we recommend that at least con-
sumption of heavily charred parts of broiled foods should be avoided.
The taste and way of cooking of food are a matter of personal choice,
but just as the smoking of even a small number of cigarettes is not
recommended, so the consumption of charred parts of food is not
recommended, even though the amounts of heterocyclic amines in
them are low compared with the amounts that cause cancers in ro-
dents.

Some substances inhibit the mutagenicity of heterocyclic amines.
These are hemin compounds, which form complexes that have planar
structures with heterocyclic amines (67), and unsaturated fatty acid,
whose mechanism of inhibition is unknown (68). An anticarcinogen
has also been detected in fried, ground meat and was recently re-
ported to be a derivative of linoleic acid containing a conjugated dou-
ble bond system (69).

Recently a method for quantification of heterocyclic amines by their
partial purification and h.p.l.c. has been developed. Results by this
method on the concentrations of these compounds in various foods
are listed in Table 6 (70). In addition, PhIP has been isolated from
fried beef at a concentration of 15 ng/g original weight of uncooked
beef (20) and from codfish at a concentration of 69.2 ng/g fried codfish
(71). The heterocyclic amines identified so far constitute one-tenth to
one-third of the total mutagenicity in the basic fraction from cooked
food, depending on the material and the method of its cooking. This
indicates the existence of as yet unknown mutagens/carcinogens.

Human beings are continuously exposed to a vast number of mu-
tagens/carcinogens, even though each compound is usually present
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Table 6
Amounts of Heterocyclic Amines in Cooked Foods

Amount (ng/g Cooked Food)

4,8-

Sample 10 MelQx DiMelQx  Trp-P-1  Trp-P-2 AaC  MeAaC
Broiled beef 019 211 0.21 0.2> 1.20
Fried ground beef 0.64 0.12 0.19 0.21
Broiled chicken 2.33 0.81 0.12 0.18 0.21
Broiled mutton 1.01 0.67 0.15 2.50 0.19
Food-grade beef 3.10

extract

at a very low level. Thus it seems reasonable to eliminate them from
our environment as much as possible.

The ratio of actual intake of environmental mutagens/carcinogens
by humans to their TD,, is often taken as a parameter of their risk.
The TD,, is the dose that causes cancers in 50% of the animals tested
in ad libitum feeding experiments for life and is expressed in mg/kg
body weight/day (72). AF-2 was used as a food additive in Japan
beginning in 1965 and was banned in 1974 after evidence of the com-
pound’s mutagenicity followed by carcinogenicity was discovered.
During this period, the average annual production of AF-2 was 2.7
metric tons, and the levels of added AF-2 in one g of various foods,
such as soy-bean cake, fish-meat cake, and fish sausages, were 5 pug,
2.5 ug, and 20 pg, respectively. Based on carcinogenesis experiments
using rats, the TD;, value for AF-2 was calculated to be 11.4 mg/kg/
day (72). If we accept the values of an average body weight of 50 kg
and a total population of 100 million in Japan, then the average daily
intake of AF-2 per capita calculated from its annual production is 1.48
rg/kg. Therefore, the ratio of intake of AF-2 to its TD, is calculated
to be 130 x 1075

Rat and mouse experiments have shown that heterocyclic amines
have TDy, values in the range of 0.1 — 15.8 mg/kg/day (Table 5),
although these values are very tentative ones obtained from experi-
ment at single-dose-level experiments. If we assume that people with
an average body weight of 50 kg eat 200 g of broiled beef every day,
the daily intake of heterocyclic amines is calculated to be 0.76 ng for
1Q, 8.44 ng for MelQx, 0.84 ng for Trp-P-1, 1.00 png for Trp-P-2, and
4.80 ng for AaC per kg body weight based on the data in Table 6.
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The ratio of the actual intake of five heterocyclic amines to their TD,,
values, which are obtained from rat experiments for IQ, MelQx, and
Trp-P-1, and from mouse experiments for Trp-P-2 and AaC, are es-
timated to be 1 x 107° for IQ, 12 x 10~° for MelQx, 8 x 10~ for Trp-
P-1, 0.4 x 107 for Trp-P-2, and 0.3 x 10-¢ for AaC. Regarding the
sum of intake of these five heterocyclic amines, the ratio is calculated
to be 21.7 x 10-%. Therefore, the value of the ratio for AF-2 is six times
larger than that for five heterocyclic amines. However, PhIP, the most
abundant mutagenic heterocyclic amine by weight in cooked food, is
not included in this calculation, because its carcinogenic potency is
not known yet. If it is assumed that broiled beef contains 30 ng/g
of PhIP, the daily intake of PhIP per capita is 6 pg. Based on the
assumption that PhIP has the same carcinogenic potency as Glu-P-2,
since both PhIP and Glu-P-2 show similar mutagenicity, the TD,,
value of PhlIP is estimated to be 5.7 mg/kg/day. If we take the daily
intake of PhIP into consideration, the ratio for AF-2 is three times
greater than the ratio for these six heterocyclic amines. Contribution
of heterocyclic amines other than these six should be considered.
Furthermore, cooked food contains not only heterocyclic amines but
also other mutagens/carcinogens such as aromatic hydrocarbons and
nitropyrenes, and nitrosable precursors. Thus, the risk from cooked
food is in the same magnitude as that from AF-2.

When the mutagenicity and carcinogenicity of AF-2 were demon-
strated, the general public became deeply concerned about the use
of this food additive, but curiously, many people are not concerned
about mutagens/carcinogens in cooked food. They feel that foods that
people have eaten for many generations should be safe. But safety
should be evaluated scientifically, not by feeling. Of course, simple
comparison of the actual intake with the TD,, value does not mean
very much, because the presence of tumour promoters and in vivo
conditions favourable for tumour promotion may enhance the risk of
mutagens/carcinogens by a factor of up to 100, while the presence of
inhibitors of mutagenesis, carcinogenesis, and tumour promotion
may significantly suppress the risk of carcinogenic factors. Moreover,
the species differences in susceptibility to carcinogens, shown by the
differences in incidences of intestinal tumours and hemangioendothe-
liomas in mice and rats indicate the danger of extrapolating findings
in rodents to humans. Therefore, at present, the only precaution
possible seems to be to avoid eating heavily charred parts of broiled
fish and meat.
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Gerontogenic Effects of Heterocyclic Amines besides
Carcinogenicity

During carcinogenesis experiments, rats given pellet diet containing
0.08% MeAaC were found to die within nine months, while those
given diet containing AaC survived. The rats given MeAaC lost
weight and became severely emaciated, and at autopsy their salivary
glands and pancreas were seen to have atrophied (73). Histological
examination showed that the atrophy was of cells in the mucous and
serous alveoli of the salivary glands, and of acinar cells and islets of
Langerhans in the pancreas. This atrophy was observed in both sexes.
AaC did not cause this atrophy, indicating that the presence of a
methyl group in MeAaC resulted in marked pharmacological activity.
Prolonged administration of a much lower level of MeAaC may pro-
duce a chronic disease resembling diabetes due to atrophy of insulin-
producing cells.

Atherosclerotic plaque is thought to be a kind of benign tumour.
This was proved by monoclonal growth of smooth muscle cells by
showing only one band of glucose-6-phosphate dehydrogenase from
female patients with heterozygosity of normal and mutated genes of
this enzyme which is located in the X-chromosome (74). Intramuscular
injection of 7,12-dimethylbenz(a)anthracene into chickens induced
atherosclerotic lesions of the aorta (75). In a preliminary study, growth
of smooth muscle cells in the wall of the aorta of chickens was also
induced by injection of IQ into the pectoral muscle. Other heterocyclic
amines may also induce atherosclerotic changes.

The fact that heterocyclic amines induce deteriorative changes in
the pancreas and blood vessels suggests that they are related to aging
phenomena. They may be called “gerontogen” or “senilogen.”

Proposal of Twelve Points for Cancer Prevention

Diet, food, and nutrition are closely related to human cancer devel-
opment, as described in this volume of proceedings. Our experiments
reflect only one facet of this huge subject. However, since the goal
of research for identification of environmental mutagens/carcinogens
and tumour promoters is to establish bases for primary cancer pre-
vention, by collecting information from many available reports of
experimental, clinical, and epidemiological studies, we have proposed
the 12 points for primary cancer prevention shown in Table 7 (7).
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Table 7
Proposed 12 Points for Cancer Prevention

1 Eat a nutritionally balanced diet.
2 Eat a variety of types of foods.
3 Avoid excess calories, especially as fat.
4 Avoid the excessive drinking of alcohol.
5 Smoke as little as possible.
6 Take vitamins in appropriate amounts; eat fibre and green and yellow vegetables
rich in carotene.
7 Avoid drinking fluids that are too hot and eating foods that are too salty.
8 Avoid the charred parts of cooked food.
9 Avoid food with possible contamination by fungal toxins.
10 Avoid over-exposure to sunlight.
11 Have an exercise program matched to your own condition.
12 Keep the body clean.

Some of these points are directly related to nutrition, food, and cancer,
while others are not, but they are all recommendations for improve-
ments in various aspects of life style. Diet and nutrition are closely
related to other factors such as smoking, intake of alcoholic beverages,
and exercise, so these other factors are also included. Of course, these
recommendations are rather flexible and are being revised each year
by a committee of scientists, journalists, essayists, and others. As
demonstrated by Breslow and Enstrom, a modest life style tends to
suppress cancer development (76). Consistent with this concept, our
12 recommendations are based on human wisdom.
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Salt, Stomach Cancer, and
Stroke

In 1964 one of us (jvy) was looking at the correlation between cardi-
ovascular disease mortality and cancer mortality using the 1958 death
rates from 19 countries. Although primarily interested in the rela-
tionship between coronary mortality and lung cancer mortality, a
much stronger correlation emerged by chance, i.e. that between stroke
mortality and stomach cancer mortality. Only much later it appeared
that the relationship had already been observed in Japan in the late
‘505 using mortality data of the towns, cities, and villages in the Miyagi
prefecture by Hiraide, Fujisaku, and co-workers. Their paper was only
published in Japanese and the authors did not pursue their investi-
gations.

This finding was so unexpected that a series of investigations on
the relationship between salt intake and blood pressure was started
in 1966. It also promoted a close scrutiny of mortality data, which
became available year after year since then. It became evident that,
using data from many different countries, a significant correlation
between stroke and stomach cancer mortality existed in each sex and
for every year. Data from 1970 are shown in Figure 1 for the combined
data of males and females. It was also observed that stomach cancer
mortality data at middle age (e.g. age 45-64 years) were the best
predictors of stroke mortality, not only in the same age group, but
also in older people (age 65 years and more), thereby clearly indicating
that the deaths from stomach cancer and from stroke occurred for the
most part in different people.

The slope of the correlation was about 5 to 77, indicating that, under
the given conditions, for each (supplementary) death from stomach



FOR REFERENCE PURPOSES ONLY

230 Diet and Cancer

MORTALITY IN 25 COUNTRIES, 1870

N = 29 . .
R = 0.654 IAP
Stroks = 2.43 + 4,61 St. Ca. .~

P o< 1073

per thousand
~
o

STROKE MORTALITY (M+F)/2

adj 45-75+ yr

POL
.

+ +- +

0.2 0.4 0.6 0.8

STOMACH CANCER MORTRLITY (M+F)/2
adj 45-64 yr per thousand

Figure 1. Relationship between stomach cancer and stroke mortality in 1970. Japan
and the East European countries are on the same line as the Western countries. The
very low stroke values in Poland are the result of classification errors.

cancer 5 to 7 more deaths from stroke were observed. Other important
findings were that restricting the correlated data to Western countries
yielded a similar regression line as in Figure 1 and that stroke mortality
in Japan and East European countries could be predicted from stom-
ach cancer in those countries using the regression line obtained for
Western countries. This implied that extrapolation to more than twice
the observed range still led to accurately predicted stroke mortality,
suggesting that the linking factor acting in Western countries was
similar to the one occurring in East European countries and Japan.

In 1980-85 the situation changed completely. The regression line
obtained between the same countries as in Figure 1 no longer pre-
dicted what was happening in East European countries, nor in Japan
(Figure 2). Japan had much lower stroke values than expected from
stomach cancer and the reverse was true for East European countries.
A possible explanation for this will be discussed later.

A second major observation was made using data from different years
in a specific country. A time trend between stroke and stomach cancer
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Figure 2. Same relationship as in Figure 1 but now in 1980-85. Stroke in Japan de-
creased markedly below the regression line, whereas the East European countries
increased above it (for explanation see text).

was then obtained instead of a geographical relationship. For the time
interval between 1955 and 1973 the slopes obtained in countries like
England and Wales, the United States, Canada, the Netherlands, F.R.
Germany, Switzerland, Denmark, Sweden, etc. were not significantly
different. The relationship between stroke and stomach cancer over
time is shown here for England and Wales and Canada (Figures 3
and 4). Before 1955 stroke mortality was lower than predicted from
stomach cancer in many countries. In Belgium this was even true up
to 1968. From an analysis of the mortality data it could be demon-
strated that this was mostly due to underclassification of stroke mor-
tality, especially in people older than 7o years. This error was
gradually removed, sooner in some countries than in others. The
correlation between stomach cancer and stroke mortality obtained
between 1955 and 1973 was higher than 0.9 in all the countries men-
tioned above. The within-country regression slopes obtained in sev-
eral countries over the time period 1955-73 (e.g. Figs. 3 and 4) and
the between-countries regression slopes obtained for different years
(1955-73 — Fig. 1) were not significantly different. This indicated that
the linking factor relating stomach cancer to stroke between and
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compared with between-country relationships (Figs. 1 and 2). The regression line was
calculated between 1955 and 1973.
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Stroke decreased faster in England and Wales than stomach cancer mortality after 1973,
probably because of better and more mass-oriented treatment of hypertension (courtesy
of American Journal of Clinical Nutrition [1]).

within countries was the same and made a spurious association very
unlikely. It also indicated that the linking factor between both diseases
must either be unique or at least predominant. Under that condition
a similar correlation between and within countries should be ob-
served. For a complex multiple linking factor the probability of ob-
taining a similar distribution within and between countries becomes
smaller and smaller when more factors are involved.

The relationship between stroke and stomach cancer is also present
among social classes. In general, the higher the social class, the lower
the mortality from stroke and from stomach cancer. This is clearly
seen in England and Wales, where the richer south has much lower
stroke and stomach cancer rates than the poorer north and than
Wales.

All those findings suggest a simple or predominant linking factor.
Since this factor also affects the stomach, it should be of nutritional
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Figure 4. As in Figure 3 but for Canada.

origin. Searching the literature yielded sets of possible positive and
negative etiological factors of stroke and stomach cancer which are
listed in Table 1. The most important linking factor(s) should be com-
mon to the two sets of factors (the intersection of the sets). One can
see from Table 1 that dietary salt is the most obvious linking factor.
With the exception of vitamin C, all the factors in the intersection of
sets are related to dietary salt. A high carbohydrate intake has been
singled out as a possible factor promoting both stroke and stomach
cancer. However, all the case-control and epidemiological studies,
many of them in Japan, did not include salt as a possible confounding
factor when studying the effects of a carbohydrate-rich diet. In the
few areas where carbohydrates are not salted, as in the Amazon jungle
or in the central part of New Guinea, hypertension and strokes are
not observed. In countries like Nigeria and Uganda, with a low salt
intake of only 5 g/day, cancer registries have shown very low stomach
cancer rates, although the carbohydrate intake is very high.

Salt intake explains the higher prevalence of stomach cancer, stroke,
and hypertension in lower social classes. Cheap foods like bread,



FOR REFERENCE PURPOSES ONLY

234 Diet and Cancer

Table 1
Possible Risk Factors

For Stomach Cancer For Stomach Cancer
Only and Stroke For Stroke Only
Nitrates/nitrites Salt + Saturated fat —
Positive  Nitroso-carcinogens Pickled foods + Low protein +  Positive
Bracken fern Smoked foods + Alcohol
Soil trace elements Lard + Lead
Peaty soil Soybean sauce +  The “Pill”
Talcum in rice Carbohydrate rich ~ Stress
Atrophic gastritis + foods +

Low social class +
Salted fish or

meat +
Fat Refrigeration of Polyunsaturated
Negative Selenium foods — fat — Negative
Milk — Fresh vegetables — Treatment of
Vitamin C hypertension

Potassium

Calcium

Fiber

The column in the middle is the intersection of the sets of risk factors for stomach cancer and
stroke.

+ positively related to salt intake
— negatively related to salt intake

potatoes, cheese, sausages, dried/smoked fish or meat, canned meats
and vegetables, fast food, etc. are heavily salted.

Salt intake also explains the between-countries relationship. There
is a good correlation between observed salt intake and stomach cancer
rates; the same applies to stroke. In general salt intake is or was very
high (up to 30 g/day) in Japan, China, Korea, Portugal, Colombia,
and Finland. All these countries have or had also very high stomach
cancer and stroke rates. Salt intake is high in Eastern Europe (up to
20 g/day), and so are stroke and stomach cancer. Salt intake is medium
in Western countries (about 8-12 g/day) with medium to low stroke
and stomach cancer rates.

Salt intake can explain the within-country relationship. There is
good evidence that salt intake decreased markedly over the years in
Belgium, Finland, Japan, Switzerland, and France. This decrease was
due to three major factors. The first is the gradual substitution of fats
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for carbohydrates. Since the energy density of fats is 2.4 times higher
than that of carbohydrates, the intake of salt must decrease on a
constant energy intake when fats are replacing carbohydrates. Sec-
ondly, the introduction of refrigerators made it possible to preserve
food without salting, resulting in the gradual elimination of foods
such as dried and smoked salted fish, salted meat, and salted vege-
tables. Unsalted frozen foods were gradually replacing the salted
(canned) foods. The introduction of refrigerators varied widely all
over the world. In the U.S., Australia, New Zealand, and possibly
also in Canada, ice boxes and refrigerators became popular about
1925. Stroke and stomach cancer rates started to decline in the U.S.
around that time. In Japan, on the contrary, refrigerators became
popular only after 1960, and from that time on stomach cancer and
stroke mortality started to decline simultaneously. In Western coun-
tries, except Portugal, refrigerators became widespread after 1950,
with expected results on the mortality rates of both diseases. A third
reason for the decreased salt intake was the mass education of the
population through TV, broadcasts, the press, etc. To be effective this
campaign had to be preceded by the education of the general prac-
titioners on the value of reducing salt intake in the population. This
occurred in Belgium from 1968 on, and was observed also in the U.S.
and Australia. It did not occur in the United Kingdom until recently.

All this may explain why the between-countries and the within-
country (between 1955 and 1973) relationships were quantitatively
similar. After 1973 two major confounding factors became effective.
The first was mass treatment of hypertension, resulting in a greater
decrease of stroke than expected from stomach cancer (see Figs. 3 and
4, from 1973 on). If the salt hypothesis is correct, one may estimate
the relative merits of reducing salt intake and of hypertension treat-
ment in the prevention of stroke. In England and Wales about 62%
of the observed decrease in stroke mortality between 1955 and 1984
is due to the stomach cancer/stroke relationship, i.e. lowering salt
intake, and 38% is due to mass treatment of hypertension or to other
environmental changes influencing blood pressure. In the U.S., using
a similar approach as above, it follows that about 45% of the decline
in stroke mortality is related to a reduction of salt intake and 55%
predominantly to mass treatment of hypertension, whereas in Canada
this amounts to 71% and 29% respectively (Fig. 4).

The second confounding factor started to act in the mid-seventies.
Because of increasing affluence, all the East European countries in-
creased their fat intake. Traditionally, the fat intake has been relatively
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low in those countries, i.e. about 20-30% of energy. The increased
butter consumption (e.g. 9 kg/day/adult person in the G.D.R. in 1969,
15 kg in 1980) resulted in a marked increase of the total fat and the
saturated fat intake in the East European countries. Saturated fat can
increase blood pressure and enhances also the thrombotic tendency.
Polyunsaturated fat has opposite properties. In general, it can be
observed that not only stroke, but also coronary, total cardiovascular,
rectal cancer, colon cancer, and diabetes mortality increased markedly
in the East European countries. Life expectancy either remained un-
changed or even decreased after 1968. The opposite change in mor-
tality with a markedly increasing life expectancy was observed in the
U.S., Canada, Finland, Belgium, etc. All this is consistent with the
role of dietary fat as a disease risk factor.

The increasing P/S (polyunsaturated/saturated fat) ratio in the U.S.
may also explain why after 1973 the stroke mortality decreased more,
relative to stomach cancer, in the U.S. than in England and Wales
(see above).

How Can Salt Intake Influence Stomach Cancer and Stroke?

Apart from the epidemiological evidence relating salt intake to stomach
cancer, there are also several case-control studies showing that salted
and pickled food increase the relative risk of stomach cancer and that
fresh vegetables and fruits (which are generally low in salt) decrease
the risk. Of course vitamin C may also play a protective role by
blocking the nitrate-to-nitrite conversion in the stomach.

Experimental evidence for the link between salt and stomach cancer
became available in the mid-seventies when it was shown by Tate-
matsu and co-workers that salt enhanced the influence of nitrosocar-
cinogens in the induction of experimental stomach cancer. More
recently several investigators in Japan, the U.S., and Korea have
shown that salt is a caustic substance in hypertonic solution producing
atrophic gastritis in animals; that it induces pNa-synthesis in the gas-
tric mucosa, indicating increased mitotic activity similar to the effects
of gastric carcinogens; that it induces ornithine decarboxylase activity
in the gastric mucosa, again similar to the action of gastric carcinogens;
that it is also co-carcinogenic; and that it is a promoter of stomach
cancer when given in hypertonic solution after the initiation with a
carcinogen (2).

Table 2 gives the possible etiology of stomach cancer.

All this evidence is consistent with clinical and epidemiological
observations. It should also be remembered that salt is caustic to the
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Table 2
Possible Etiology of Stomach Cancer

High salt intake hypertonic stomach content
Delayed emptying through duodenal osmoreceptors
Longer contact with caustic salt solution, especially in lower part of the stomach
Damaged gastric mucosa, increased pNa synthesis,
ornithine decarboxylase induction
(proven in animals)
Atrophic gastritis anacidity bacterial overgrowth nitrates to nitrites

Nitroso-carcinogens (salt is cocarcinogenic and promotes stomach cancer in animals)

Stomach cancer, especially in lower part of the stomach

skin, as observed among workers in salt mines and among lobster
fishermen. Salt also damages the taste buds.

Blood pressure is the major contributor to stroke, as shown by the
Framingham study and as confirmed by many others.

The relationship between salt intake and blood pressure was ob-
served in China more than 6000 years ago when the Yellow Emperor
noticed that people who indulged in salt eating had hard pulses. He
also observed a relation between hard pulses and stroke with aphasia.
Since then many observations have been made in favour of the role
of salt in hypertension. They are of historical, patho-physiological,
pharmacological, clinical, experimental, and epidemiological origin
and have been reviewed recently (1). A few of the epidemiological
data will be presented here.

In populations with a high salt intake (15-30 g/day; see above) the
prevalence of hypertension is also high. Consistently, the prevalence
of hypertension is medium or near zero in populations on a medium
salt intake (8-12 g/day) or on a no-added salt intake, respectively.

The epidemiological data linking blood pressure to salt intake in
middle-aged people in Western countries are not consistent, but po-
sitive relations have been found in infants and in the elderly. In
developing countries with a high salt intake (South Korea and China)
significant correlations between salt and blood pressure were found
in adults within the population. Blood pressure in Beijing was sig-
nificantly higher than in Fuchow, and so was salt intake (3).
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Figure 5. Recent time trends of stomach cancer mortality in males and females of the
north and the south of Belgium. Traditionally the salt intake was higher in the north.
Salt intake decreased by one-third from 1966 to 1975. After that it levelled off at 10 g/
day (courtesy of Royal Academy of Medicine of Belgium).

The relationships among salt, stomach cancer, and stroke are so
strong that it was possible to predict that salt intake was high in
Portugal and in Colombia as reflected by their mortality data. This
prediction was later confirmed in those countries by measuring salt
intake. Similarly it can be stated rather surely that salt intake is high
in Chile, though decreasing markedly during recent years. As far as
is known to the authors, salt intake has not been measured in Chile
up to now.

The Belgian Natural Experiment

Salt consumption in Belgium, especially in the northern part of the
country, was traditionally very high. More than 150 years ago it must
have been higher than 30 g/day because of the high intake of bread
and potatoes and the use of salted dried codfish (stockfish), of pork
and vegetables preserved in brine, etc. Since then many changes have
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Table 3
Percent Change in Belgium in Age-Adjusted (45-74 y) Mortality from 1968 to 1983,
Calculated Over 10 Years

Males Females Males Females

All Causes —15.1"**  —20.8**  All Cancer +5. 7% -2.9*
Total Cardiovascular —22.6%"* —29.5*** [Esophagus +16.6* N.S.
Ischemic heart disease —22.5%*  —27.8"**  Stomach —38.8"*  —45.6"*
Stroke -40.9"*  -40.1" Colon N.S. —14. 7%
Diabetes —33.6"** —62.3** Rectum —26.2%** —26.5"**

Lung +17.1% 30,5

Prostate +12.0%*

Breast +15.2%

N.S.: not significant
* p<0.05

** p<0.01

*** b<0.001

occurred. Bread consumption is now five times and potato consump-
tion three times lower. Stockfish, pork, and vegetables kept in brine
are no longer eaten. Refrigerators are now owned by 98% of all fam-
ilies. Fat intake has increased tremendously, from 15-20% of energy
to 42% at present. In 1968 an educational campaign was launched
aiming to reduce intake of salt and saturated fat and to increase poly-
unsaturated fat intake. The final targets were to reduce stroke and
stomach cancer mortality by decreasing salt consumption and to re-
duce ischaemic heart disease by changing fat consumption, thereby
simultaneously reducing total cardiovascular mortality and all-causes
mortality. By careful monitoring of the population, it was shown that
the salt intake decreased from 15 g/day in 1966 to 10 g/day at present.
Saturated fat intake in northern Belgium decreased from 20% of en-
ergy in 1960 to 17% at this time. The P/S ratio in the northern part
changed from 0.2 previously to 0.5 now, whereas in the southern
part it increased to only 0.35. The changes in salt and fat intake
occurred mainly between 1968 and 1975, after which only minor
changes were observed. With a time lag of approximately five years,
stroke, ischaemic heart disease, and stomach cancer started to decline
markedly (Figures 5 and 6 and Table 3). After 1980 the mortality rates
levelled off.

Of course many factors may influence those changes, as, for ex-
ample, the effect of treatment of hypertension on stroke, but the main
arguments for the importance of nutritional factors were, first, the
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Figure 6. Similar trends as in Figure 5 but for stroke mortality. The time relationship
is similar to that of stomach cancer (Fig. 5) but stroke is higher in the south, whereas
from salt intake the reverse would be expected. This is probably because of differences
in fat intake (see text) (courtesy of Royal Academy of Medicine of Belgium).

time-relationship of the changes (Figs. 5 and 6) and, second, the
magnitude of the changes as compared to neighbouring countries
(Table 3, Figures 7 and 8). Up to 1980 the declines in stomach cancer,
stroke, and ischaemic heart disease in Belgium were the highest in
the Common Market.

Conclusion

From the historical, patho-physiological, clinical, pharmacological, ex-
perimental, and epidemiological data it becomes more and more ev-
ident that salt is not such an innocuous substance as it appears. If
salt was not used in the U.S. and one requested the FpA to authorize
the addition of salt to food it would undoubtedly be refused. It can be
agreed that the final proof, i.e., a controlled double-blind trial with
morbidity and mortality as end points has not yet been carried out.
One can wonder whether such a trial is feasible and, if so, whether
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it will ever be done. A weaker alternative is doing what has been
done in Belgium, i.e. lowering the salt intake at the population level,

carefully monitoring the change in salt consumption, and looking for

the effects on mortality. Such predicted effects occurred in Belgium.
They are consistent, dose-related, and definitely encouraging.
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ANTHONY B. MILLER

Epidemiology of Breast and
Colon Cancer

I shall discuss the epidemiology of these two cancers from the view-
point of the possible association between them and dietary fat con-
sumption.

There are remarkable similarities in the epidemiology of these two
cancers; both show substantial international variation, with high rates
in North America and Western Europe and low rates in Japan and
other parts of Asia (1). In individual cancer registries the correlation
between incidence of colon cancer and breast cancer in women is
high, 0.84, almost as high as the correlation between breast and rectal
cancers, 0.72. In fact, the correlation is higher than that between colon
and rectal cancers, 0.67. There is almost as strong correlation with
the incidence of uterine corpus and ovarian cancer.

Both cancers show changes of incidence in migrant groups. This
has been demonstrated in people from Eastern Europe migrating to
the United States, people from Japan migrating to the United States
and Canada, and people from Southern Europe migrating to Aus-
tralia. In general the trend is for migrant groups to acquire the inci-
dence pattern of the host country, the rate of change being greater
for colon cancer than for breast cancer, though this is not universal;
indeed, in Israel the rate of increase of both breast and colon cancer
in Jews born in Africa and Asia seems very similar (2). One feature
of the epidemiology of breast cancer is an apparent differing age-
specific pattern in different parts of the world, with lower rates par-
ticularly in post-menopausal women in Japan, compared to North
America. However, this has been demonstrated to be largely due to
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a birth cohort phenomenon with increasing incidence being seen in
younger women in recent years (3).

Correlational Studies

A number of authors have pointed to the high correlation between
dietary fat intake and the incidence of colon, rectal, and breast cancer.
The strong correlations have been seen for both men and women,
and, where data have been analyzed, they suggest that the correlation
for animal protein intake is less than for fat intake (4). Gray et al. (5)
looked also at the influence of height, weight, and age at menarche
as well as estimated animal protein and total fat intake on incidence
and mortality from breast cancer. They found an inverse correlation
with age at menarche, a positive correlation with all other factors,
with an indication of a stronger association when all factors were
considered together.

There are many disadvantages in correlational studies, but one
advantage is that the range of variation between countries is often
much greater than is found within countries. Thus the level of the
association seen internationally may more closely reflect the strength
of the association between dietary fat and these two cancer sites than
that seen in analytic studies.

Obesity

De Waard was one of the first to point to the association between
overweight or, latterly, body mass index, and risk of breast cancer in
post-menopausal women (6). Although some studies did not confirm
this, the follow-up of American Cancer Society participants (7) and
case-control studies in California (8) and Israel (9), as well as the earlier
studies in the Netherlands (6), have demonstrated a consistent as-
sociation with increasing risk of breast cancer and increasing weight
or body mass index. The studies in Holland also demonstrated an
association with increasing height (6), but this has not been replicated
elsewhere. The association is restricted to post-menopausal women
and in Israel to women age 60 or more (9). Some studies suggest the
reverse effect for pre-menopausal women.

For colon cancer there has been less evaluation of the obesity issue,
but for men at least there was some suggestion in the American Cancer
Society that there was increasing mortality with increasing weight.
Our own case-control study, however, did not show such an asso-
ciation.
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Case-Control Studies

Much of the bulk of analytic epidemiologic evidence relating fat intake
to both breast and colo-rectal cancer has come from case-control stud-
ies. These have varied in quality, from studies in which dietary in-
formation was collected by simple questionnaires, eliciting just
frequency of a few standard food items, to much more complex in-
quiries with a detailed dietary history, quantitative estimation of in-
take, and calculation of nutrient intake through computerized data
bases. In general, the more sophisticated the dietary methodology
the stronger the association found between dietary fat and these two
cancers. One of the earliest studies for breast cancer was performed
by Phillips among Seventh-Day Adventists (10). He showed an as-
sociation with fat-containing foods. In our own study in Canada, a
relatively weak association was found, largely restricted to total fat
intake (11). However, in a subsequent re-analysis incorporating two
methods of dietary assessment, Howe found a dose-response rela-
tionship for saturated fat consumption which was stronger in pre-
menopausal women (12). In another study in Canada, Lubin et al.
(13) found increasing risk with increasing estimated consumption lev-
els of beef, pork, animal fat, and animal protein. Although this study
can be criticized methodologically, because a separate control group
was interviewed by a completely different team at a different time
period, it is not clear why this should have been a source of systematic
bias, with suggestive dose-response relationships. A large study from
Roswell Park, however, was entirely negative, though this study was
based on a very simple questionnaire and used hospital controls (14).
A more recent study from Canada found increasing risk with increas-
ing consumption of whole milk, beef, and a protective effect from
fish consumption (15). Subjects were asked about their consumption
of visible fat on meat and there was a suggestion that those who
consumed such fat often in childhood as well as in adult life had
increased risk. Another study, which pointed to increased risk from
consumption of milk — in this case, full cream milk — was performed
in France (16). A large study in Israel has pointed to the importance
of dietary pattern. Risk was increased in those with a high consump-
tion of fat and protein and a low consumption of fibre, whereas risk
was lowest in those with a low consumption of fat and protein, and
a high consumption of fibre (17).

For colon cancer, again a series of case-control studies have been
performed. One of the earliest, on Hawaiian Japanese, demonstrated
increased risk for those who rarely consumed Japanese-style meals
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or who consumed beef frequently (18). A study in Israel showed that
high consumption of food that contained fibre was protective for colon
cancer, but no effect could be demonstrated for rectal cancer (19). A
study on Seventh-Day Adventists showed that meat of any type, beef
products, beef hamburger, and lamb, increased risk, whereas vege-
tarian products and green leafy vegetables were protective (10). Sim-
ilarly, in a study in Roswell Park, frequent consumption of Brassica-
type vegetables was protective, particularly for colon cancer but also
to a lesser extent for rectal cancer (20). In a study of Bay area blacks,
the highest risk was found in those with low consumption of foods
containing fibre and a high consumption of 5% or more saturated fat
foods (21). Those with high fibre and low fat consumption had lowest
risk. In our own study, saturated fat intake seemed to increase risk
to the greatest extent, with a suggestive dose-response relationship
(22). We could, however, find no protective effect for dietary fibre
and only a weak protective effect from cruciferous vegetables (23). A
study in Adelaide, Australia, also found increased risk for fat con-
sumption, but the most consistent finding was increased risk for pro-
tein consumption, particularly of animal origin (24). In this study
there was no indication of a protective effect of fibre, indeed in females
fibre appeared to increase risk. In Marseilles, however, it was dem-
onstrated that vegetables containing low amounts of fibre produced
a significant protective effect; those with medium amounts of fibre a
less dramatic protective effect (25). In this study, both milk con-
sumption and oil consumption appeared to be protective, the oil being
largely olive oil. A further study in Australia found increased risk for
beef consumption, fat, and high milk consumption. Other meats did
not increase risk; fibre appeared to be protective (26).

Cohort Studies

An early cohort study in Norway appeared to show a protective effect
of vegetables for colon cancer. Hirayama in his study has found that
those with high meat consumption appeared to have increased risk
of colon cancer and of breast cancer (27). He pointed out that fat
intake had increased substantially in Japan and that this was asso-
ciated with increase in the incidence of breast cancer. A large recent
cohort study in American nurses, who were aged 34 to 59 years at
the time of completion of a dietary questionnaire and have so far been
followed for four years, has found no association with estimated fat
intake (28). However, the difference in intake between the upper and
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lower quintiles of fat intake in this study could not be expected to
demonstrate more than a relative risk of 1.4 if the international cor-
relational studies are a guide. With this weak risk anticipated, and
with the possibility of measurement error from a self-administered
questionnaire, it is perhaps not surprising that such a study would
be negative.

Conclusion

Although not all the findings are consistent, the evidence appears to
be accumulating that both breast and colo-rectal cancer are associated
with high fat intake. Perhaps most typically the pattern of high risk
is associated with dietary consumption of high fat, possibly especially
saturated fat from animal sources, and low consumption of vegetables
and possibly fibre, though the relevance of fibre as distinct from other
potential protective factors from vegetables containing fibre has not
yet been established. Using the available data, as in our own study,
it seems likely that the population attributable risk from saturated fat
for colo-rectal cancer is of the order of 42%, with possibly 50% or
more of cases explained by dietary variables. For breast cancer the
attributable risk from total fat is of the order of 27% as estimated from
our study, with an additional 12% from obesity; it seems possible
that up to 40% of breast cancer may be preventable by dietary mod-
ification, although there is some concern that the effect of dietary
modification for breast cancer could be delayed, as exhibited by the
lack of change of breast cancer incidence in some religious groups
that have adopted a low-fat diet (29). For colon cancer there seems
to be less possibility for delay. One might postulate a fairly rapid
impact of dietary modification on colon cancer rates, with a possible
delay of 40 or 50 years for breast, especially if the full effect of dietary
modification has to occur for women in their teens and twenties.
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DAVID KRITCHEVSKY

Calories and Cancer

In 1981 Doll and Peto (1) published a review and assessment of causes
of cancer in the United States which further stimulated the already
vigorous research on diet and cancer. In discussing the earlier studies
of caloric restriction, they suggested that the direction of research
might have been changed drastically had the control mice been re-
garded as fat instead of the calorically-restricted mice being seen as
undersized. Their estimation was right on target!

The earliest study of caloric restriction (in the form of underfeeding)
was reported by Moreschi (2) in 1909, who found that transplanted
sarcomas grew less vigorously in mice whose daily intake of food was
restricted, than in mice fed ad libitum. Tumour growth was inhibited
as a function of dietary restriction. Other investigators confirmed
Moreschi’s findings. The most active work in this area was carried
out by Tannenbaum in the 1940s. He investigated caloric restriction
as both underfeeding (feeding less of the control diet) and true caloric
restriction (in which specific sources of calories are restricted). In both
cases — using several strains of mouse and spontaneous as well as
experimentally induced tumours — he found caloric restriction to in-
hibit tumorigenesis. Some of Tannenbaum’s findings (3) are sum-
marized in Table 1.

The early investigators also examined the contribution of dietary
fat. Lavik and Baumann (4) found caloric intake, rather than fat, was
the principal determinant of incidence of methylcholanthrene-
induced skin tumours in mice (Table 2). Boutwell et al. (5) found that
the incidence of chemically-induced skin tumours in mice fed isoca-



FOR REFERENCE PURPOSES ONLY

Calories and Cancer 251

Table 1
Inhibition of Tumorigenesis by Caloric Restriction*
Type of Tumor Mouse Strain Percent Inhibition
Induced epithelial ABC 58

Swiss 35

DBA 66
Induced sarcoma C57 Black 32

Swiss 55
Spontaneous mammary DBA 64
Spontaneous lung ABC 48

Swiss 83

*After Tannenbaum (3).

Table 2

Effect of Fat or Calories on Chemically-Induced Skin Tumors in Mice*

Fat Calories Incidence (%)
Low Low 0
High Low 28
Low High 54
High High 66

*After Lavik and Baumann (4).

loric diets containing 2 or 61% fat differed by only 28%. The entire
field was reviewed by White (6) in 1961 but lay dormant until recently.
We have investigated some of the different aspects of caloric restric-
tion in an effort to assess contributions of extent of caloric restriction
and type of fat. In our initial study (7) we compared effects of ad
libitum feeding and 40% caloric restriction in rats treated with 7,12~
dimethylbenz(a)anthracene (pMBA) in order to induce mammary tu-
mours. The control rats were fed 3.9% fat (2.9% coconut oil, and 1.0%
corn oil, to provide sufficient essential fatty acid). Calorically-restricted
rats were fed 8.4% fat. Diets were designed to provide the same level
of every nutrient except fat and carbohydrate, which was reduced in
order to reduce calories. In that study (7) tumour incidence in the
control group was 58% while no tumours were found (either by pal-
pation or at necropsy) in the restricted rats. A similar experiment in
rats given 1,2-dimethylhydrazine (pMH) to induce colonic tumours
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Table 3
Effect of 40% Caloric Restriction and Fat Type on Chemical Carcinogenesis
Rat Dietary Tumor Incidence (%)
Carcinogen Strain Eat* Ad Libitum Restricted
DMBA Sprague-Dawley CNO 58 0
co 80 20
DMH F344 BO 85 35
co 100 53

* cNo — coconut oil; co — corn oil; Bo — butter oil.

showed tumour incidence of 85% and 35% in ad libitum or calorie
restricted rats, respectively. The fat used was butter oil. Repetition
of both studies using corn oil as the sole source of fat showed tumour
incidences of 80% and 20% in ad libitum and calorically-restricted rats
given pMBA and 100% and 53% in ad libitum and restricted rats given
DMH (8) (Table 3). These experiments showed that 40% caloric re-
striction did indeed inhibit experimental carcinogenesis and that sat-
urated fat was less co-carcinogenic than unsaturated fat, as Carroll
and Khor (g9) had shown. However, the caloric restriction was drastic
and fat levels had been rather low. Experiments were then designed
to examine the effects of increased fat and decreased caloric restriction.

In one experiment, rats were given pDMBA and calories were re-
stricted by either 10, 20, 30, or 40% (10). Restriction of calories by
only 10% (fat intake equivalent to that of control) did not affect in-
cidence of tumours but reduced tumour burden (total tumour weight)
by 47%. At 30% caloric restriction, tumour incidence was reduced by
42% and tumour burden by 95% (Table 4). In a second study (11),
also involving pMBA-induced mammary tumours, ad libitum-fed rats
were given 5, 15, or 20% corn oil and rats whose calories were re-
stricted by 25% were fed 20 or 26.7% corn oil, thus their daily intake
of corn oil was equivalent to that of the ad libitum-fed rats receiving
15 or 20% corn oil. Compared to rats fed 5% corn oil ad libitum, the
rats fed 26.7% corn oil in the 25% calorically-restricted diet exhibited
a tumour incidence which was 54% lower and tumour burden which
was 45% lower (Table 5). Thus, caloric restriction inhibited tumori-
genesis even at high fat intake.

Could body fat play a role? In the study in which caloric intake was
restricted by 10, 20, 30, or 40% (10), weight gain closely reflected
caloric restriction. However, body fat content was much greater than
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Table 4
Effect of Graded Caloric Restriction on pMBa-Induced Mammary Tumors in
Sprague-Dawley Rats

Tumor Tumor Tumor
Regimen Incidence (%) Multiplicity Burden (g)
Ad libitum 60 4.7 £ 1.3 10.1 + 3.3
10% restricted 60 3.0 08 5.4 = 3.0
20% restricted 40 28 = 0.7 4.7 £ 1.9
30% restricted 35 1.3 03 0.9 + 0.8
40% restricted 5 1.0x0 —
p <0.005 NS <0.05

Table 5
Effect of Fat Level and 25% Caloric Restriction on pMmBa-Induced Mammary Tumors
in Sprague-Dawley Rats

Tumor Tumor Tumor

Regimen Incidence (%) Multiplicity Burden (g)
Ad libitum

5% corn oil 65 19+ 03 42+ 19

15% corn oil 85 3.0 = 0.6 6.6 + 2.7

20% corn oil 80 4.1 = 0.6 11.8 = 3.2
25% Restricted

20% corn oil 60 1.9 + 0.4 1.5 = 0.5

26.7% corn oil 30 1.5 = 0.3 23+ 1.6
P <0.005 <0.0001 <0.0001

would have been expected. Caloric restriction by 10, 20, 30, or 40%
reduced total body fat by 16.3, 43.3, 63.3, and 72.2%, respectively.
The final body weights of rats fed 15 or 20% corn oil ad libitum were
28 and 26% higher than those of rats fed the same amount of fat but
whose calories were restricted by 25% (11). The retroperitoneal fat
pads of the calorie-restricted rats weighed 70 and 62% less than those
of the rats fed ad libitum. To test the possible effect of body fat, we
used the LA/N corpulent rat, a genetically obese animal. Obese rats
given pMBA and fed ad libitum exhibited a 100% incidence of mammary
tumours. Restriction of calories by 40% reduced tumour incidence to
27% but the total body fat of the control and restricted groups was
51 and 47%, respectively (12).
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Could growth factors play a role? In the experiment in which we
tried stepwise caloric restriction (10), plasma insulin was 122 * 16 pU/
ml in the control rats and 42 %= 5 or 41 = 8 pU/ml in rats whose
calories were restricted by 20 or 40%, respectively. Plasma insulin
levels in control and calorically-restricted obese rats were 1003 and
328, respectively.

There is ample evidence that caloric restriction inhibits experimental
carcinogenesis whether spontaneous or induced by chemical carcin-
ogens or by other means such as ultraviolet irradiation (10,13,14).
Albanes (15) has reviewed data from 82 studies of caloric restriction
and carcinogenesis in mice and finds reduced tumour incidence with
increased restriction. Caloric restriction also enhances the activity of
enzymes such as hexokinase and glucose-6-phosphate dehydrogen-
ase (16). We must now seek to explain the mechanism(s) by which
caloric restriction exerts its cancer-inhibiting effect in hopes of ob-
taining information which will be useful for extension to human stud-
ies.
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C. WAYNE CALLAWAY"*

Development and Use of
Dietary Guidelines for
Whole Populations versus
Populations at High Risk

There are two points to be considered in this presentation. These are
the development and use of dietary guidelines, including goals and
recommendations; and the question of guidelines for whole popu-
lations as opposed to groups or individuals at high risk.*

Collection and Analysis of Data

The development of dietary guidelines on which to base a rational
public policy is dependent first of all on the collection and analysis
of data. Opinions are of little value, and it is important to have a
sound base of factual information. Where there is wide disparity in
the data that are being reported, the methodology needs to be ex-
amined and the differences resolved if possible.

It is also important to have independent confirmation of data. One
study is not a sufficient basis for drawing conclusions, and confir-
mation by a different group of investigators is desirable. To give some
examples from Dr. Kaplan’s excellent summary of hypertension (1),
one could conclude that there is now sufficient evidence on sodium,
obesity, alcohol, and perhaps potassium, for an expert analysis of the
data base, but evidence on calcium is still evolving, and evidence on
trace elements and fibre is practically non-existent. Thus, there is no
point in having an expert panel review the evidence on fibre and
hypertension until more information is available.

* This chapter is an edited version of the tapescript of the talk presented
by Dr. Callaway at the Symposium on Diet, Nutrition and Health.
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In assembling an expert panel to review the evidence, care should
be taken to ensure that the full spectrum of legitimate scientific opin-
ion is represented. Otherwise, the credibility of the report will be
undermined. This does not mean that every constituency must be
represented, but that panels in which most of the members share
more or less the same point of view should be avoided.

In analyzing the data, it is helpful to divide them into categories
such as epidemiologic studies, animal studies, and human interven-
tion trials. There is also the question of consistency among and within
populations. For example, if you look cross-culturally, there is no
doubt that sodium intake is related to blood pressure, but if you study
people living in a specific location, such as Rochester, MmN, it is more
difficult to show this relationship. Reducing sodium intake may still
lower blood pressure in a substantial number of individuals, but in
a society where there is a relatively homogeneous diet, genetic factors
often play a more dominant role statistically. For example, Stunkard
et al. (2), in a study on genetics, environment and obesity, estimated
that about 20% of the variance in body weight was environmental
and about 80% was genetic. This was a population in which there
was adequate food and where physical activity was relatively low. In
other populations, such as farmers living in the Andes and engaging
in heavy physical activity, environmental factors may be of far greater
importance than genetics, and it is important to distinguish between
these factors. Readers interested in further discussion of this topic
should consult the December 1979 supplement to the American Journal
of Clinical Nutrition (3).

It is critical in dealing with expert panels that the task be divided
according to the types of data and that specific criteria be established
for evaluating the strength and consistency of the evidence before
asking the panel to make recommendations.

Public Health Policy

In dealing with public health issues, one has to integrate not only the
data on a specific disease in relation to diet, but also the whole pattern
of morbidity and mortality as well as the major subgroups in the
country involved. The issues can also change with time, and what is
effective public health policy in 1987 may be totally irrelevant in 1990.
If, for example, coronary artery disease were reduced to the level of
1890, it would be anachronistic to continue to focus on issues related
to this particular disease.
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Thus, public health policy must change to reflect the patterns of
morbidity and mortality that exist. It also has to deal with trade-offs.
For example, in developing dietary guidelines in 1980, some individ-
uals in the National Heart, Lung and Blood Institute felt strongly that
there should be a recommendation to increase polyunsaturated fatty
acids to approximately 10% of total calories and to make specific
mention of the P/S ratio. Others within the National Cancer Institute
were quite concerned about potential adverse effects of raising the
level of polyunsaturated fatty acids. Another factor to be considered
is whether the public health policy will be accepted and will be ef-
fective. An example of an effective public health program in Finland
was presented earlier in this symposium (4). This is a critical consid-
eration in embarking on any public health policy.

The implementation of public health policy involves a variety of
different modes of intervention, including educational programs and
programs designed specifically to change behaviour. These include
incentives and disincentives, such as surcharges, taxes, food labelling,
the provision of food and, at the other extreme, prohibition. The exact
means used depend on factors such as the seriousness of the problem,
the strength of the evidence, the economic implications, the political
and legal systems that exist, and the attitudes of society. For example,
although cigarette smoking is generally recognized as harmful, pro-
hibition has not been considered politically feasible, although things
are beginning to move in that direction. Thus, the decision may have
little to do with science. In fact, the people who are most affected
may be totally ignorant of the science base.

In any expert panel examining the evidence there are likely to be
differences of opinion. This can be expressed in various ways, and it
is very helpful for policy makers to have some idea of how strongly
the experts feel about a subject and whether or not there is great
divergence or fairly coherent agreement. In the task force of the Amer-
ican Society for Clinical Nutrition chaired by Drs. Ahrens and Connor
(3), panel members were asked to evaluate the evidence on the basis
of associations among population groups, associations among indi-
viduals within a given population, intervention trials, animal models,
and biological explanation, and to assign arbitrary scores from o to
20, with 20 being an absolute rock-solid association and o being no
association at all. Then the scores were summed and expressed as
the mean score plus or minus one standard deviation. This provides
a semiquantitative way of representing opinion.

This document was used quite extensively in preparing the 1980
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Dietary Guidelines for Americans (6). The following are some examples:
the association between alcohol and liver disease was given a very
high score, indicating that most of the people on the panel felt that
this was a strong association with a very small standard deviation.
On the other hand, carbohydrates and atherosclerosis received a low
score with a small standard deviation. The score for dietary cholesterol
alone, as opposed to cholesterol and fat, was in the middle with a
large standard deviation. This was interpreted to mean that this panel
felt more strongly about the combination of cholesterol and fat than
about cholesterol alone. This helps to give policy makers some idea
of reality, and the degree of difference of opinion among experts on
these issues.

Dietary Recommendations, Goals, and Guidelines

Dietary recommendatons, goals and guidelines have been considered
recently by Truswell (5). In the following discussion, I will deviate
somewhat from Truswell’s definitions. I think we are dealing here
with three major areas.

Recommended Dietary Allowances (RDAs), at least in the U.S. ver-
sion, are recommendations for average intakes of essential nutrients
by groups, designed to avoid nutrient deficiencies. These are used
for a variety of public policy purposes, and, in essence, represent
levels which, if ingested on the average over time by groups, will
result in practically no one suffering from malnutrition.

In contrast, dietary goals are objectives that are future oriented.
They imply some change, some direction, and should be quantitative
and measurable. A minor criticism of objectives has been that some
of them have dealt with issues for which baseline data were not
available. It is thus difficult to measure progress, although one can
measure some end point. I think that goals are a statement of public
policy. For example, this is a way of saying that it is our policy to
achieve a reduction in average serum cholesterol levels from 220 to
210 or 200, or some other chosen value, by 1990. By referring to a
shift in the 75th percentile for adult males, the emphasis can be fo-
cussed on a higher risk group. Thus, goals have to be specific and
measurable. They are not intended as a document to be read in the
grocery store.

Guidelines, on the other hand, really are concerned with imple-
mentation, although this is just one aspect of implementation. They
represent an information document. Guidelines, I think, should be
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general, and there are many advantages to making them non-quan-
titative and quite simple. They can still deal with the heterogeneity
and multifactorial nature of chronic diseases in relation to diet. The
following is an example from the 1980 Guidelines (6): “The major
hazard of excessive sodium is for people who have high blood pres-
sure. Not everyone is equally susceptible.” This contains no quanti-
tative information but makes the point that many people can eat larger
amounts of sodium without developing high blood pressure. Sodium
is only one factor, and obesity can also play a major role. If I were
writing this today, I would probably include alcohol as well. As other
information becomes established, more things can be added.

It is important to realize that there is heterogeneity. We are not
dealing with a magic formula that nutrient X = disease Y; and foods
cannot be arbitrarily classified as good or bad. Avoiding too much fat
does not mean prohibiting the use of any food item. Eggs and liver
contain cholesterol but also have other desirable nutrients. If your
serum cholesterol is not elevated and your intake of cholesterol from
other sources is not excessive, eggs and liver can be eaten in mod-
eration. This kind of information can be incorporated into the overall
message of dietary guidelines.

A final point about guidelines, and in fact goals and RDAs as well,
is that they should have a conservative bias. This means that they
should be changed only when the evidence for change is fairly strong.
Any panel evaluating the evidence is likely to reach a slightly different
conclusion from any other panel, and we want to avoid the situation
of saying that things that were once considered bad are now good,
because that causes confusion.

Whole Populations versus High Risk Groups

Now let us deal with the issue of whole populations versus high risk
groups. Should we make recommendations for only one or the other?
This is like asking whether four plus two equals six or three plus
three equals six. The answer is obviously both. In addition, we also
need to make recommendations for individuals.

For whole populations, the level of intervention is different. Dietary
guidelines and other information, such as the pamphlets prepared by
the U.S. Department of Agriculture based on the dietary guidelines,
are helpful. Gradual changes in the nutrient content of commonly
used foods, whether it is reducing the sodium content or moving to
lower fat meats and dairy products over time, are things that can be
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done for the whole population. Fortification of foods may play a role,
as it did in the mid-forties, when vitamin deficiencies were much
more widespread.

Changes in regulations can help to lessen the economic impact of
dietary change for whole populations. For instance, if the public per-
ceives that high-fat diets are not healthful, sales of high-fat products
will decrease; and in this situation it is better not to pay farmers on
the basis of fat content of their products.

I think that on a population basis we can reinforce the idea that
foods cannot be categorized as good or bad. For example, it is not
fast food that is harmful, but the fat and sodium in fast food. If we
can redefine that, we can encourage producers to modify the content
of their foods in the direction that is consistent with good public
health, without making them feel that they are the villains of the
twentieth century.

With regard to groups at high risk, a great deal needs to be done.
For instance, age and gender have been largely ignored in dietary
goals and guidelines, although in the rpas there has been some at-
tention to this. For example, they need modification for premeno-
pausal as compared to postmenopausal women. The American
Dietetic Association attempted to deal with this in a set of recom-
mendations for dietary intakes for women (7). These emphasized fat
not only in terms of coronary artery disease but also in terms of cancer
and obesity. They also gave prominence to calcium and iron, because
for premenopausal women, many people feel that calcium and iron
are at least as important as dietary cholesterol.

As discussed during this symposium, there may well need to be
distinctions between infants on the one hand, growing children on
the other, and different stages of maturation, including the “young
old” and the “old old”. I think in this targeting there is also a role for
disease-specific recommendations. The recent recommendation by
the American Heart Association (8) of limiting dietary cholesterol to
100 mg per 1000 calories may, as I think, have been designed for
middle-aged males, and isn’t really appropriate for women or for
elderly people. Disease-specific recommendations such as this need
to be considered in the broader, public health perspective. There is,
however, a need to emphasize the diet/disease connection, as well as
the cancer-related recommendations of the American Cancer Society
(9), based in part on the report from the Food and Nutrition Board
in 1982 (10).

Screening programs are also important, including the hypertension
program (11) and the cholesterol program that is now being mounted



FOR REFERENCE PURPOSES ONLY

Whole Populations vs Populations at Risk 265

(12). I also think that education of physicians is a very critical activity,
and the National Institutes of Health are planning to do this with
their intervention program. If public recommendations are made
without educating the physicians, a patient may go to his physician
and say, “I was in the screening program for cholesterol and I was
told to come and see you because I have a serum cholesterol level of
2go mg/dl.” The physician consults reference values indicating that
normal values may range from 150 to 300, and says, “Yours is normal,
don’t worry about it. Don’t smoke so many cigars.” Physician edu-
cation is needed, along with multiple other interacting reinforcing
mechanisms that exist in our society. How do we integrate concern
for deficiency on the one hand with concern for excess on the other?
A small ad hoc group has been working with Steve Kline, an eval-
uation psychologist in Rancorp, to devise some rules and develop a
model, with the support of the Dairy Council of California, which is
interested in evaluating its education programs in relation to the qual-
ity of the overali diet.

An idea that is being considered is to select leading nutrient indi-
cators and use them in the same way as leading economic indicators
are used. Certain nutrients tend to cluster together, so it may be
possible to pick a leading nutrient from each of these clusters; these
must be nutrients for which data are available. The range of nutrient
intake is then divided arbitrarily into a level that is adequate and safe,
with the beginning part of that range defined by the RDAs, below
which malnutrition and deficiency are probable, and at the upper end
a level where toxicity increases to the point where toxicity clearly
occurs in nearly everybody. This can then be expressed mathemati-
cally in various ways by assigning relative scores, based on intake,
for each of the leading nutrient indicators. Since these nutrients will
not be of equal importance for all people at all ages, the scores will
have to be given weighting factors depending on age, gender, etc.
Thus, the percentage of calories from saturated fat and cholesterol is
amuch greater concern for males and would be given a higher weight-
ing than calcium or iron. The sum of the weighted scores can then
be used as an index of the nutrient quality of a diet. This would make
it possible to rank order menus or diets. It would not tell you that a
score of 1400 is necessarily twice as good as a score of 700, but it
would indicate that a score of 1400 is better than a score of 700 to 8oo.

This can then be utilized in relation to national dietary goals. Sup-
pose that we want to improve our scores in a certain fashion. They
can be divided into male versus female, pre- and postmenopausal
females, the very elderly versus middle-aged people, etc., and even-
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tually considered in terms of individual risk factors. On the basis of
family history, lipoprotein levels, blood pressure, etc., individuals
could be told that a certain weighting seems appropriate for their
dietary intake, that this is the score based on their current diet, and
that these are ways the diet could be improved over time. In fact,
with personal computers, the 24-hour dietary history could be entered
once a week or once a month and a running score kept to see if the
diet was changing with time. Although this sounds like science fiction,
it is one way of trying to get at the issue of dealing with deficiencies
on the one hand and chronic diseases on the other.

What is needed at this stage is not a decision about whether to look
at whole populations or groups at high risk but at the virtues of a
pluralistic approach of complementary and reinforcing messages.
Knowledge changes with time, disease patterns change with time,
and there is nothing wrong with changing recommendations so long
as it is not done arbitrarily.

My message is that our task is to provide good scientific data, to
improve the process of expert analysis and, when given the oppor-
tunity, to participate in the formulation of balanced public health
policy. Arguments certainly help to sharpen our thinking and often
provide great entertainment, but I think we have to be willing to keep
our debates within some reasonable balance, so that they remain
constructive and designed to meet the goal defined by Ernst Wynder
as “dying young as late in life as possible.”
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Dietary Guidelines:
Implications for Agriculture

It is not that long ago that dietary guidelines were considered to
be of almost exclusive interest to departments of health and to health
professionals. During more recent years their significance to a wider
range of interest groups has been recognized. Among these one must
include the various chronic disease associations, consumer groups,
and of course the agri-food industry.

In most developed countries, the interest and concern of the average
consumer in a variety of nutrition issues is growing. These nutrition
concerns have had, and continue to have, an impact on food con-
sumption trends, with these trends having a direct influence upon
the economic viability of specific segments of the agricultural industry.
The producer, the processor, the distributor, and the retailer are all
affected.

At the turn of this century, six of the ten principal causes of death
in developed countries were attributed to infectious diseases. Today,
with one current and notable exception, these have essentially dis-
appeared, only to be replaced by degenerative diseases such as cor-
onary heart disease, cancer, hypertension, etc. Diet can be one of the
important factors in all of these, and is certainly one factor which
individuals can control. Specific nutrient deficiency diseases can be
ruled out as a main issue in developed countries. Therefore, our chief
nutritional preoccupation at the present time appears to be associated
with nutrition-disease relationships, and how to cope with an over-
whelming choice of foods available in our markets. Dietary guidelines
must attempt to deal with these issues.
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Dietary Guidelines and Chronic Diseases

Let us assume that dietary guidelines can be elaborated which will
serve as effective risk reduction measures against the major degen-
erative diseases that afflict large segments of the populations of de-
veloped countries. We know that most of these diseases are
multifactorial in nature and that diet is but one, albeit an important,
etiological factor. Hence, adhering to even the most effective of dietary
guidelines will at best decrease the probability of the occurrence of
the disease or delay its onset. It is overly optimistic to suggest that
dietary guidelines will eliminate any disease.

It is not the function of this paper to enumerate and compare the
relative merits of the numerous sets of dietary guidelines that have
been proposed by different countries and various health-related agen-
cies within countries. Most of these have been outlined by O’Connor
and Campbell (1).

It is universally recognized that the data, upon which the relation-
ship between diet and chronic disease is based, are far from complete.
For this reason, some of the existing dietary guidelines have been
criticized (2—4). However, the basic question is how much scientific
proof is required prior to making general recommendations with re-
gard to modification of diet and prevention of specific chronic dis-
eases. There should be some “happy medium” in this respect.

Obviously, dietary modifications cannot be based upon inadequate
and incomplete data. On the other hand, withholding information
from the public that might require a human generation to obtain
scientific confirmation could be equally disastrous. The “happy me-
dium” could be O’Connor and Campbell’s (1) suggestion that over-
whelming support for dietary modification occurs when there is
consistency of evidence in epidemiological studies, clinical studies,
and animal studies, and where the biological plausibility of the re-
lationship is impressive.

There is one dietary guideline which is extremely simple, does not
require extensive, long-term research to confirm its validity and
which, if adhered to, would go a long way towards resolving many
of the current nutrition issues. It is simply “eat a wide variety of
wholesome foods, each in moderation.” However, it is highly unlikely
to gain any degree of acceptance because it does not tell people what
specific foods to eat and which foods not to eat. It does not provide a
magic formula which will solve difficult food choices or provide pre-
cise recipes, percentages, and, above all, cautionary warnings — all
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these “deficiencies” at a time when so many people want rather de-
tailed instructions as to how to accomplish a given dietary lifestyle.

A Stance for Agriculture

As indicated earlier, a heightened concern of the consumer with a
variety of nutrition issues has had, and will continue to have, an
influence on food consumption trends. Because dietary guidelines are
meant to guide the consumers’ attitudes towards nutrition issues,
they will, if they function properly, have a significant influence upon
food consumption patterns. Their infiuence upon the agri-food in-
dustry can be profound, and this emphasizes the obligation that di-
etary guidelines be devoid of any frivolous considerations.

An example of the latter might be a recommendation that the level
of intake of nutrient X should be reduced to 1.0 gram per day, the
main consideration being that a level of this low magnitude could not
be harmful to the body. This could be a frivolous but harmful rec-
ommendation — frivolous in that it has no solid biological basis, and
harmful in that the consumption of perhaps two agricultural com-
modities high in nutrient X content would be needlessly reduced or
even avoided by the consumer.

On the other hand, agriculture must be prepared to accept and
react positively to the consumption consequences on any segment(s)
of the industry that happens to be negatively influenced by sound
dietary guidelines. The industry must not insist on attaining the vir-
tually impossible goal of complete scientifc confirmation of several of
the nutrition-disease relationships. However, it must insist on the
soundness of each dietary guideline proposed to the public, with
soundness being based upon, as a minimum, “consistency of evidence
in epidemiological studies, clinical studies and animal studies, and
the biological plausibility of the relationship.” In addition, agriculture
must insist that dietary guidelines be valid for the total population
rather than being applicable mainly to a selected group of “high risk”
individuals.

Generally Accepted Dietary Guidelines

When the various dietary guidelines available on a world-wide basis
are examined, differences are certainly found to exist, but the most
striking result of such an examination is that three recommendations
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are made by practically every country and by almost every health-
related agency within these countries. They are the following:

1 Caloric adjustments to achieve and maintain ideal body weight, i.e.
avoid or eliminate obesity.

2 Reduction in the percentage of the caloric intake that originates
from dietary fats, i.e. from the present level of 40-42% down to
30-35%.

3 Increased consumption of complex carbohydrates via such foods
as fruits, vegetables, and cereal grains, i.e. increased intake of di-
etary fibre.

The same kind of unanimity is not present among the other rec-
ommendations. For example, while the kind of fat consumed appears
to be of general concern, there is a lack of agreement as to the ideal
distribution of saturated, monounsaturated, and polyunsaturated
fatty acids in the diet; furthermore, the omega-3 fatty acid story may
add another dimension. Many, but by no means all, the guidelines
recommend a reduction in the present salt and sugar intake and the
avoidance of excessive alcohol consumption. A reduction in the level
of cholesterol intake is recommended in less than half of the dietary
guidelines published to date.

The validity of all three of the generally accepted dietary guidelines
cannot be disputed by the agri-food industry, even though they may
have a profound effect upon it. The first guideline relating to the
maintenance of ideal body weight would have an influence by de-
creasing the total consumption of agricultural products in general.
The second and third would bring about changes in the kind of ag-
ricultural commodities consumed. To illustrate the impact on specific
commodities, the latter two guidelines will be examined.

Menu Modifications Involved in Attaining Two Generally
Accepted Dietary Guidelines

The starting point in this exercise was to design a one-day menu that
could be considered “typical” of that consumed in 1987 by a male
between the ages of 25 and 49 years and at moderate activity. This
involved the provision of 2700 kcal, the inclusion of lipid sources
sufficient to provide 40-42% of the caloric intake from dietary fat,
and ensuring that the Recommended Nutrient Intakes (rn1s) of all
major nutrients were met.
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The next step was to modify this “typical” menu to the extent that
the daily caloric intake from dietary fat was reduced to approximately
30%, while maintaining the total energy level at 2700 kcal and meeting
the rnIs of all major nutrients. The fatty acid profile was also con-
sidered in this step. This was called the “fat-modified” menu, and
accommodated the second generally accepted dietary guideline.

The final step was to alter the “fat-modified” menu to increase the
dietary fibre level to 30-35 grams. All other features were maintained
(i.e. total energy level at 2700 kcal, provision of approximately 30%
of daily caloric intake from dietary fat, adequate levels of all major
nutrients), and this was called the “fat-and-fibre-modified” menu. It
accommodated the second and third generally accepted dietary guide-
lines.

Details of the typical menu and of the modifications required to
effect the desired dietary fat and fibre changes are provided in Table
1. In order to create the fat-modified menu, the following alterations
were made. At breakfast, the two fried eggs were replaced by one
boiled egg, the white toast was increased from two to three slices,
margarine replaced the butter, the jam portion was increased by 50%
and the cream was replaced by whole milk. At lunch, the soup was
changed from mushroom to tomato, the sandwich contained salmon
rather than ham and low-fat rather than regular processed cheese,
the serving of canned fruit cocktail was doubled, two cookies were
added, and 2% milk replaced the whole milk. At dinner, the lean
rump roast was replaced by roast turkey, the serving of mashed po-
tatoes was doubled, margarine replaced the butter, plain white cake
replaced the apple pie, and ice milk replaced the ice cream.

Although it is often said that reducing the dietary fat level will
automatically increase the fibre content of the diet, this exercise
proved otherwise. In order to create the fat-and-fibre-modified menu,
the following additional alterations (i.e. to the fat-modified menu)
had to be made. At breakfast, the orange juice was replaced by an
orange, and the toast was changed from white to whole wheat (w/
w). At lunch, split pea soup replaced the tomato soup, the sandwich
bread was changed from white to whole wheat, and fresh fruit salad
replaced the canned fruit cocktail. At dinner, the mashed potatoes
were replaced by a baked potato with margarine, a large rather than
small mixed salad was used, the dinner roll was changed from white
to whole wheat, and fruit cake replaced the plain white cake.

It is recognized that the menu modifications could have been made
in a variety of other ways; however, essentially the same food (or
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Table 1
Example of a Typical Menu for Adult Males and of Modifications to Accommodate
Two Generally Accepted Dietary Guidelines.

Typical Menu Fat Modified Menu Fat and Fibre Modified Menu
Breakfast Breakfast Breakfast
4 oz. orange juice 4 0z. orange juice 1 large orange
2 fried eggs 1 boiled egg 1 boiled egg
2 sl. toast (white) 3 sl. toast (white) 3 sl. toast (w/w)
2 tsp. butter 2 tsp. margarine 2 tsp. margarine
4 tsp. jam 6 tsp. jam 6 tsp. jam
1 coffee 1 coffee 1 coffee
1 oz. cream (10% b.f.) 1 oz. milk (whole) 1 oz. milk (whole)
1 tsp. sugar 1 tsp. sugar 1 tsp. sugar
Lunch Lunch Lunch
6 0z. mushroom soup 8 oz. tomato soup 8 oz. split pea soup
4 crackers 4 crackers 4 crackers
1 ham and cheese 1 salmon & cheese 1 salmon & cheese
sandwich sandwich sandwich
2 sl. bread (white) 2 sl. bread (white) 2 sl. bread (w/w)
2 tsp. margarine 2 tsp. margarine 2 tsp. margarine
2 oz. chopped ham 2 oz. salmon 2 oz. salmon
1 tbsp. dressing 1 tbsp. dressing 1 tbsp. dressing
1 oz. processed cheese 1 oz. processed cheese 1 oz. processed cheese
%2 ¢. fruit cocktail (skim) (skim)
(canned) 1 c. fruit cocktail 1 c. fresh fruit salad
8 oz. milk (whole) (canned) 8 oz. milk (2% b.f.)
8 oz. miltk (2% b.f.) 2 cookies
2 cookies (oatmeal/raisin)
(oatmeal/raisin)
Dinner Dinner Dinner
6 oz. rump roast(lean) 6 oz. roast turkey 6 oz. roast turkey
¥4 c. mashed potatoes 1 c¢. mashed potatoes 1 large baked potato
with ¥ tsp. margarine
Y2 c. peas Y2 c. peas % c. peas
1 small mixed salad 1 small mixed salad 1 large mixed salad
1 tbsp. French dressing 1 tbsp. French dressing 1 tbsp. French dressing
1 dinner roll (white) 1 dinner roll (white) 1 dinner roll (w/w)
1 tsp. butter 1 tsp. margarine 1 tsp. margarine
Vs apple pie 1 piece white cake 1 piece fruit cake
Y2 ¢. ice cream (no icing) ¥ ¢. ice milk

Y5 ¢. ice milk

commodity) groups would have been involved in attaining the re-
duction in dietary fat and increase in dietary fibre levels.
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Table 2
Certain Nutritionally Relevant Descriptors of the Typical and Modified Menus.

Energy Total Kilocalories from Cholesterol Fibre

Content  Fat  Protein  Carbohydrate

(keal) (%) (%) (%) (mg) (8)
Typical menu 2727 43 18 39 886 14
Fat modified menu 2706 30 19 51 520 16
Fat and fibre modified menu 2700 28 20 52 509 33

Table 3
Fat and Fatty Acid Profiles of the Typical, Fat Modified, and
Fat and Fibre Modified Menus.

% of total kilocalories

Fat SFA MUFA PUFA Linoleic
Typical menu 43 17 18 6 6
Fat modified menu 30 8 12 7 6
Fat & fibre modified menu 28 7 11 7 6

Nutritional Description of Typical and Modified Menus

The three menus are described in Table 2 with respect to actual energy
intake, the proportion of this energy originating with fat, protein,
and carbohydrate, as well as their dietary fibre and cholesterol con-
tents. It should be noted that each menu provides essentially the
same levels of energy and protein, while the carbohydrate component
was increased by approximately 30% in the modified menus. A re-
duction in the proportion of kilocalories originating from dietary fat
was accomplished in each of the modifed menus, while an approxi-
mate doubling of the dietary fibre level was obtained in the second
modified menu. The cholesterol content of the typical menu was
significantly reduced with each of the modifications; however, re-
moval of the single egg from each of the modified menus would have
been required to reduce the cholesterol level below 300 mg.

The fat and fatty acid profiles of the three menus are given in Table
3. Most notable is the reduction in the saturated (sFA) and monoun-
saturated fatty acids (MUFA) in the two modified menus and the con-
stant level of polyunsaturated fatty acids (pura) in all three menus.
A precise ratio among the sFA:MUFA:PUFA of 1:1:1 was virtually im-
possible to attain in the modified menus.
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Table 4
A Comparison of the Major Nutrients Provided by the Typical and Modified
Menus to rNT's (male 25-49).

Protein  Calcium  Phosphorus Iron  Potassium  Sodium

(g) (mg) (mg) (mg) (mg) (mg)
RNI 61 800 800 8 2200 666
Typical menu 121 954 1 667 19 2791 4 950
Fat modified menu 127 1142 1764 17 3520 4 369

Fat & fibre modified menu 137 1229 2 259 20 4 542 3 899

Vitamin A Vitamin C Thiamin  Riboflavin Niacin Folacin

(RE) (mg) (mg) (mg) (NE)  (ng)
RNI 1000 60 1.1 1.4 194 220
Typical menu 1 369 77 2.0 2.3 47 295
Fat modified menu 1392 146 2.0 2.2 55 321
Fat & fibre modified menu 1768 148 2.1 2.2 58 410

The comparisons provided in Table 4 illustrate that all three menus
provide well in excess of an adult male’s Recommended Nutrient
Intakes (rRN1s) for the nutrients indicated. The excess sodium in each
menu is startling and could only be reduced by the elimination of the
processed foods (e.g. soups, cheese, ham, salmon, dressings, etc.).
The improved K/Na ratio, particularly in the fat-and-fibre-modified
menu, and the significant increment in vitamin C, niacin, and folacin
in both modifications, are noteworthy.

Cleveland and Pfeffer (5) examined the changes in food consump-
tion patterns of adult men and women in the U.S.A. in order to meet
dietary criteria consistent with the Rpa’s and/or the National Research
Council’s interim guidelines for reducing cancer risk. They pointed
out that the rpa for zinc is one of the most difficult to meet, partic-
ularly in diets with relatively low caloric levels, such as those of adult
women. Although not shown in Table 4, our three menus supplied
well in excess of the 9 mg of zinc required by adult men. If each menu
was to be consumed at a level to provide 2000 kcal daily, the zinc
requirement for adult women would also be met.

Financial Consequences of Following These
Two Dietary Guidelines

The consequences of consumption changes in food items and in com-
modity groups that were associated with the menu modifications are
shown in Table 5. The consequences are expressed in terms of changes
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Consequences of Food Consumption Changes in Commodity Groups Associated with Menu Modification to Meet Two Generally Accepted

Dietary Guidelines!

Commodity Typical Menu Fat Modified Menu Fat & Fibre Modified Menu
Group Net Gain (+) or Net Loss (~) Net Gain (+) or Net Loss (—)
retail walue to value to value to retail value to value to value to retail value to  value to value to
Food Item  quantity value # producer* processor*  distributor*  quantity value # producer® processor®  distributor*  quantity value # producer® processor*  distributor*
Horticulture (8  (000)  ($000)  ($000) (S000) (8  (S000)  (3000)  (3000) ($000) (®  (5000)  ($000)  ($00D) (3000)
Fruits
orange juice 128 505 91 265 146 -128 —-505 -91 —-265 -146
fresh orange +200 +10%4 +777 — +317
jam 27 631 114 331 183 +13 +309 +56 +162 +93
fruit cocktail 128 1767 318 928 512 +128 +1767 +318 +928 +512 -256 ~3534 ~636 —1856 -1025
(canned)
apple (pie) 60 547 98 287 159 -60  -547 -98 -287 ~159
fruit {cake) +10 +184 +33 +97 +55
fruit (cookies) +5 +92 +17 +48 +28
fresh fruit salad +272  +4509 +2931 — +1578
total 3450 622 1811 1001 +1621  +292  +851 +474 +1748 +3014 —2024 +779
Vegetables
lettuce 45 295 194 — 100 +55 +360 +238 — +122
potatoes 75 168 111 — 57 +75 +168 +111 — +57 +56 +126 +83 — +43
peas 85 1052 189 552 305
carrots 20 84 56 — 29 +20 +84 +56 — +29
mushrooms (soup) 35 646 116 339 194 ~35 ~ 646 -116 -339 - 194
tomatoes (soup) 120 +120 +1545 +278 +811 +464
split peas (soup) +100 +454 +82 +238 +136
total 2245 667 892 685 +1067  +173 +542 +327 +1024  +458  +238 +330
horticulture total 5 696 1288 2703 1 686 +2 688 +465 +1 393 +801 +2772 +3472 ~1785 +1109
Cereal - - - -
bread (white) 60 443 173 133 142 +30 +223 +87 +67 +71 -9 - 669 —261 —201 —214
bread (whole wheat) +90 + 640 +249 +192 +205
crackers 11 168 19 103 47
rolls (white) 40 421 164 126 135 -40 -~ 421 —164 —126 —135
rolls (whole wheat) +40 +447 +174 +134 +143
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baked goods

apple pie 58 1683 252 976 471 ~58 ~1683 —252 -976 —471
cake white +60  +1902 +285  +1103 +533 -60 -1902 —285 -1103 —-533
fruit cake +50  +1627 +244 +944 +456
cookies +21 +700 +77 +427 +196
total 2715 608 1338 795 +1142 +197 +621 +329 +1 060 +479 +241 +350
Dairy - - - - - - - - -
butter 18 505 247 151 106 -18 —505 —247 —-151 —-106
cream (10% b.f.) 28 295 144 88 62 ~28 —295 —144 - 88 —62
milk (whole) 258 926 454 278 194 —-230 —825 —404 —248 -173
(2% b.f.) +272 +809 +397 +243 +170
cheese processed 30 884 433 265 186 ~-30 —884 —433 —265 —186
(23% b.f)
cheese processed +30 +1106 +542 +332 +232
(7% b.f.) 283
ice cream (10% b.f.) 70 1346 660 404 ~70 -1346 — 660 —404 —-283
ice milk +92 +960 +470 +288 +202
total 3925 198 1187 81 980 480 204 206
Red Meat
pork (ham) 60 2 609 1304 730 574 -60 -2609 -1304 —-730 —574
beef (rump) 180 5 554 2777 1555 1222 —-180 -5554 -2777 -1555 -1222
total 8163 4 081 2286 1796 -8163 —4081 —2286 -17%
Paultry
egg 100 631 379 177 76 ~50 -316 -189 -88 -38
turkey +180 +5049 +2525 +1338 +1146
total 631 379 177 76 +4734 +2335 +1250 +1108
Fish
salmon +60 +360 +177 +108 +76
total 30 4177 4108 +7%
Fats & Qils
margarine 10 84 22 40 22 +15 +204 +53 +98 +53
salad dressing 15 379 98 182 EL]
dressing 15 129 34 62 34
total 2 14 284 154 £204 453 198 453

amynoudy oy suongedrdwy

!Calculations based on menu changes for 1 day for total male population age 25-49 yrs according to Statistics Canada, 1981.

#Retail value calculated on the average food price of two food items chosen at random in two retail stores in the Ottawa area on April 22, 1987.

*Values calculated using shares of retail dollar to producer, processor and distributor provided by Barewal, S., Food Markets Analysis Division, Agriculture
Canada.
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in the quantity (g) of food items and commodity groups, as well as
in the retail value resulting from these menu changes for one day for
the total Canadian male population between the ages of 25 and 49
years, according to Statistics Canada, 1981. In addition, the shares of
the retail dollar going to the producer, processor, and distributor are
provided. (It should be noted here that the dollar values to the pro-
ducer, processor, and distributor do not always add up to the retail
value, because the percentage share figures and the dollar values were
rounded off.)

A detailed examination of Table 5 provides the following general
observations. The fat-modified menu resulted in significant increases
in the consumption of fruits (canned fruit cocktail), vegetables (po-
tatoes and tomatoes), some cereals (white bread and oatmeal cookies),
2% milk, ice milk, turkey, and salmon; these were accompanied by
significant decreases in certain dairy products (butter, cream, whole
milk, and ice cream), red meats (pork and beef), and eggs.

The fat-and-fibre-modified menu resulted in additional changes,
but only in the horticulture and cereal groups. In the category of
fruits, the increase in fresh oranges at the expense of orange juice,
and in fresh fruit salad at the expense of canned fruit cocktail resulted
in a particularly heavy dollar loss to the processor. The increased
intake of vegetables (lettuce, potatoes, and split peas) completes the
increment in food dollars to the horticulture commodity group. In
terms of cereals, the notable change was to less refined flour products
in the bread and rolls.

The financial consequences, in terms of retail value only, are sum-
marized in Table 6. These data indicate that if all Canadian males
between the ages of 25 and 49 years consumed the fat-modified menu
for one day, the horticulture industry would benefit to the extent of
about 2.7 million dollars, the cereal grain industry by 1.1 million
dollars, and the poultry industry by some 4.7 million dollars, where
a loss in egg consumption was more than compensated by an increase
in poultry meat. On the other hand, the dairy industry would lose
about one million dollars and the red meat industry 8.1 million dollars.

If these same Canadian males were to consume the fat-and-fibre-
modified menu for one day, the financial consequence (relative to the
fat-modified menu) would be essentially to double the gain to the
horticulture and cereal grain industries, while maintaining the gains
or losses to the other industries.

The financial consequences of the menu changes used in this ex-
ample of attaining a fat-reduced or a fat-reduced and fibre-increased
diet are staggering, especially if one projects the changes taking place
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Table 6
Net Effects on Retail Values of Commodity Groups Associated with Menu
Modification to Meet Two Generally Accepted Dietary Guidelines.

Typical Menu Fat Modified Menu Fat & Fibre Modified Menu
Commodity retail value retail value % change from  retail value % change from
Group (3000) ($000) typical menu  ($000) typical menu
Horticulture
Fruits 3 450 +1621 +47 +3 369 +98
Vegetables 2245 +1 067 +48 +2091 +93
total 5 696 +2 688 +47 +5 460 +96
Cereal 2715 +1 142 +42 +2202 +81
Dairy 3925 —980 -25 —980 =25
Red meat 8 163 -8 163 -100 -8 163 —100
Poultry 631 +4 734 +750 +4734 +750
Fish — +360 +360 +360 +360
Fats & oils 592 +204 +34 +204 +34

over more than one day in the year and extending beyond the young
adult male population. Let us zero in on the red meat and poultry
industries to illustrate the point that should be made in respect to
recommended dietary changes.

The suggestion of eliminating red meats from one’s diet is heard
fairly widely around the world. How many of those who readily make
this recommendation are aware that the removal of 6 oz. of rump
roast plus 2 oz. of chopped ham from the menu of all young Canadian
males for one day would cost the red meat industry over eight million
dollars, with half of this loss going to the primary producer?

The egg has been the first dietary victim when attempts have been
made to reduce the level of cholesterol intake. How many of those
who suggest that a reduced level of cholesterol intake should not be
confined to those individuals found to be at risk to cardiovascular
disease are aware that the removal of one egg from the menu of all
young Canadian males for one day would cost the poultry industry
over 300 thousand dollars, with 60% of this loss going to the primary
producer? All of this provides substantiation for the following points.
While agriculture must be prepared to accept the consequences of all
sound dietary guidelines, it must ensure that dietary guidelines are
devoid of any frivolous considerations. Relatively few health profes-
sionals are fully aware of the economic and social implications that a
“reasonable sounding” but scientifically unsubstantiated dietary
guideline may have upon the agri-food industry.
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Agriculture’s Reaction — Past

The agri-food industry has not been totally indifferent to the nutri-
tional considerations of the food supply. An example of this is its
response to consumer concerns about the fat content of a number of
animal products. Although perhaps not exclusively for nutritional
reasons, different segments of the Canadian animal industry have
taken steps to decrease the fat content of their products (6).

For example, Canada introduced a new beef carcass grading system
in 1972 which was designed to encourage the production of leaner
beef. As a result, total lean output from beef carcasses increased by
7% over a ten-year period, a change which can probably be attributed
to a general reduction in the stage of maturity at slaughter and to the
use of later fattening breeds in cross-breeding programs. Research
done by Jones in 1985 at the University of Guelph and by Agriculture
Canada (Ottawa) in 1986 confirmed that Canadian prime cuts of beef
are substantially lower in fat content than their U.S.A. counterparts.
Further revisions to the Federal Beef Grading Regulations were made
in 1978 and 1986 to reflect this trend.

As with beef, the most significant change in pork product com-
position has been in the amount of fat. A new grading system was
introduced in 1968 which was primarily based on carcass weight and
backfat thickness. Over the following 14-year period, an increase of
almost 12% in lean pork output was observed, with both increased
carcass weight and reduced carcass fat content as contributory factors.
There is limited information on the fat content of Canadian cooked
pork products. A pilot study conducted at the University of Guelph
(7) indicates that the fat content of Canadian retail cuts is lower than
published American values; the results of a more detailed study by
Agriculture Canada will be available during the summer of 1987.

The dairy industry, for reasons that were not originally based upon
nutritional considerations, has accommodated an apparent consumer
demand by making 2% milk available. The increase of almost 500%
in the use of this product since 1963 indicates its strong status with
the consumer. The doubling of cheese consumption in Canada over
the same period of time focuses attention on this dairy product and
justifies the industry’s attempts to produce a consumer-acceptable,
low-fat cheese.

The past decade has also been marked by the introduction of a new
line of products lower in salt, sugar, fat and energy content, and
higher in dietary fibre. Canadian meat processors, for example, have
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lowered the sodium content of processed meats — industry estimates
suggest that compared to 25 years ago, bacon and hams now contain
at least 25% less sodium (8). The cereal industry has introduced a
variety of breakfast cereals which are higher in dietary fibre and lower
in sugar. The canned food industry has brought out a line of vege-
tables with “no salt added” and fruit “packed in its own juice.” A
variety of low energy pre-prepared meals have also taken an impor-
tant place on the market. These steps certainly denote a positive
response on the part of the agri-food industry.

Agriculture’s Reaction — Future

There is little doubt that the agri-food industry in general is becoming
more conscious of its responsibilities in respect to the provision of
food products of optimal nutritional value. It is not easy for certain
segments of the industry to bring about rapidly meaningful improve-
ments in the nutritional characteristics of the foods they produce. On
the other hand, it is important that the industry is seen to be making
a genuine effort in this direction.

Agriculture Canada is reorienting its functions, communications,
and resource allocation along commodity lines. In this context, it is
currently preparing a “commodity strategy framework” involving the
future directions for such sectors as Red Meats, Poultry, Dairy, Grains
& Oilseeds, Horticulture, and Special Crops. The final document will
represent the outcome of representations from industry, provincial
governments, consumer groups, other federal government depart-
ments, as well as all the participants from Agriculture Canada.

While the final document has not yet been prepared, a number of
recommendations that have originated with the sector teams are of
interest to the nutrition community. Examples are as follows:

1 Improve consumption statistics by using retail disappearance and
consumer equivalents data and through research and surveys, de-
termine the breakdown of actual components consumed to aid re-
search in the relationship between coronary heart diseases,
mammary and colon cancer, and red meat consumption.

2 Continue to research the composition of retail cuts and processed
meats, and make a strong effort to reduce the salt content of the
latter.

3 Continue to research methods to find the most economical and
efficient methods of reducing the fat levels in chicken.
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4 Develop methods of cooking other than deep-fat frying for the
production of consumer-desired processed, poultry products.

5 Minimize or eliminate the injection of oils into turkey and roasting
chicken carcasses by the industry.

6 Conduct research to determine what are adequate levels of calcium
in the diets of Canadians and to develop a better understanding of
the disease risks associated with sub-optimal calcium intake.

7 Investigate the development of an assortment of low-fat cheeses.

Other areas of concern which need further attention include:

1) more updated compositional data on the nutritive and non nutritive
substances of Canadian food commodities; 2) data on actual food
consumption by Canadians, particularly for such groups as adoles-
cents, pregnant women, elderly persons; 3) research on the status of
lipids in the diet, i.e. proportions of SFA:MUFA:PUFA, omega-3 fatty
acids, cholesterol levels; 4) research on the physiological role of fibre
in the diet, i.e. its role in such conditions as hypercholesterolemia,
hyperglycemia, tumour development; and 5) reduction of salt levels
in all processed foods.

Conclusions

Agriculture must be prepared to accept the consequences on any
segment of the industry that may be negatively influenced by sound
dietary guidelines. On the other hand, it must insist on scientific
substantiation for all dietary guidelines.

Those directly involved in the formulation of dietary guidelines
must resist making recommendations that merely sound reasonable
but whose implementation might have a profound impact on some
segment of the agri-food industry. This impact could be either positive
or negative, involve millions of dollars (not to mention economic and
social implications), and be unwarranted in either case if the scientific
justification is not clearly established. However, the agri-food indus-
try must accept the responsibility of maintaining a nutritious food
supply since the nutritional status of a population depends on the
quality of the food commodities available to it.

Under these conditions, the health professions and agriculture can
be productive partners in ensuring optimal nutritional health for the
human population.
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GILBERT A. LEVEILLE

Dietary Guidelines: Steps
for the Food Industry

I have spent some time in both camps but I have spent more time
being an academician than I have being on the industry side, so I can
take some liberty and say a lot of things that some of my industrial
colleagues might not be able to say!

Let me start out by making a few observations that I think are
relevant. I am going to try to keep my comments very brief. First, it
is important to realize that the food industry is not a single industry.
Everyone talks about the food industry’s role related to the imple-
mentation of dietary guidelines, of providing products to facilitate
the implementation of dietary guidelines. But remember that you are
talking about an aggregate of companies that have very different goals
and very different objectives, selling very different products, whose
profitability is influenced in a whole array of ways. You may make
changes that benefit one segment of the industry but wreak consid-
erable harm on the rest of the industry.

Secondly, it is important to recognize that as a consumer product
industry, food processing companies respond to consumer wants.
Whatever the consumer purchases in the market place determines
what we manufacture. I'll give you some specific examples. We are
often accused of using questionable marketing strategies to foist upon
consumers products that they do not want, and our marketing people
wish that were true, that we knew how to do that. Let me assure you
that we do not. We do respond to consumer needs. We try to antic-
ipate things that will sell, obviously, and more often than not we fail.
We don’t make the night judgment. One needs only to look at the
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number of products entering the market place and the very small
proportion, fewer than 10%, that succeed in the long term.

Finally, it is important for you to keep in mind that the food industry
is a capitalistic industry for a capitalistic society. Stockholder equity
drives what we do to a large extent. We have to be concerned about
profitability, and to produce products that cost more is certainly pos-
sible, but that cost is clearly going to be passed on to the consumer.
It is not going to be absorbed by the manufacturer. I think it is im-
portant to recognize that the industry can only respond to the direc-
tion that is provided by the scientific and the health community. That
direction needs to be clear. If there is ambiguity in the messages, if
there is confusion, if there are various points of view, then all that
has been done is to open the total market place to potental exploi-
tation, because manufacturers will select that particular bit of advice,
those particular opinions, which suit their particular marketing strat-
egy. So it is very important that there be a single message that the
food industry can respond to and work from. The important point,
it seems to me, is not so much expecting the industry to be pro-active
in producing products and trying to convince consumers to purchase
those products. The important point is an education program which
generates a level of awareness in a consuming public to a point where
they are willing to purchase and in fact are demanding new products.

Let me give a case in point. We have seen the proliferation of a
whole array of new calcium-fortified food products entering the mar-
ket place, driven not by any new scientific evidence (we really have
not had anything dramatically new in the last decade in the area of
calcium metabolism), but driven by a markedly increased level of
consumer awareness among women about the ravages of osteoporosis
and a potential relationship to calcium intake. Now I am not going
to try to defend the kinds of products that are marketed, how valid
they are, or how much of a role they play. The point is that the
products were introduced into the market by virtue of a high level of
consumer awareness. Most of the products have failed, because in
the rush to get them out poor ones were often produced. No matter
what consumers’ perceptions are of health and well-being, they sim-
ply will not purchase and consume food products that do not taste
good. Therefore, that becomes a very top and primary objective.

The point of education in the generation of consumer awareness is
an important one, and frankly I do not feel that responsibility should
fall upon the food industry. As a consumer, I do not want to see it
there. Industry does have a role in terms of providing products that
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are useful, for which there is a demand, and which consumers will
accept. Let me give you one more example of that. Sodium and hy-
pertension is a topic that has received enough attention to generate
a high level of awareness. In a recent Good Housekeeping survey women
were asked what foods or ingredients in a diet contributed to hyper-
tension. Over two-thirds recognized that salt/sodium were associated.
This high level of recognition has resulted in the success of a number
of reduced-sodium products. Not all reduced-sodium products have
been successful. Those that were able to match their traditional coun-
terparts in terms of taste were accepted. On the other hand, there
have been a number of failures, where the reduction in sodium sig-
nificantly reduces the sensory attributes of the products. But sodium
is a case which demonstrates that if the scientific and health care
community can develop a high level of awareness that something is
important, the food processing industry will provide products that
meet the need that has been created.

Let me touch on one area of particular concern in the United States
(I am not sure what its status is in Canada), and that is the area of
health claims. What you will hear from manufacturers is that if indeed
they are going to try to meet this need, they have to be allowed to
tout the attributes of their products. Let me warn you that this opens
a Pandora’s box. On the one hand, no one objects to honest and
truthful claims, but it is important to recognize that it is virtually
impossible to establish a regulatory environment, allowing such
claims, without opening opportunities for the faddists and quacks to
make an array of claims regarding their products. This is an area that
requires attention from the standpoint of public health policy.

Let me end by saying that I think the needs beyond what I have
mentioned are for ways of bringing the academic community, gov-
ernment agencies, and industry together to discuss the issues and
how they can best be resolved, and how each segment of our society
can contribute in a meaningful way to their resolution. I think if there
is a challenge for us, it really is that. How do you bring about mean-
ingful, productive dialogue which can contribute to a final resolution?
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HEATHER NIELSEN

Dietary Guidelines: Steps
for Dietitians/Public Health
Nutritionists

Dietary guidelines are the focal point for policies and programs un-
dertaken by the majority of dietitians and public health nutritionists
around the world. Consequently, you are actively involved in imple-
menting the dietary guidelines whether they are simple statements
of carbohydrate and fat requirements, the more complex guidelines
for general health, those for specific disease states, or for specific age
groups such as the Nutrition in Pregnancy: National Guidelines re-
cently released in Canada.

The steps that are taken emanate from activities in the work en-
vironment, in professional associations, and in individual actions. Dr.
Beare-Rogers will be describing the process that we are entering into
in the review of the Canadian dietary guidelines — Nutrition Rec-
ommendations for Canadians. Dietitians and public health nutrition-
ists are and will be actively involved in the consultation process
collectively through national groups such as the Federal-Provincial
Subcommittee on Nutrition and the Canadian Dietetic Association.
They are also involved through representation on major health-related
groups such as the Canadian Cancer Society and the Canadian Dia-
betes Association. From past experience, I know that you will also be
involved as individuals.

Most of you are in a unique position to (a) lead and participate in
the formulation of dietary guidelines; (b) promote an understanding
of the scientific evidence and rationale underlying dietary guidelines;
(c) interpret the dietary guidelines for policy formulation; and (d)
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implement the dietary guidelines through multifaceted, integrated
strategies.

The role of the dietitian/public health nutritionist is to bring about
change as required in individual behaviour as well as to build a sup-
portive environment for change. To accomplish this, it is necessary
that the steps be global in nature and, at the same time, respond to
the practical everyday concerns of the consumer.

One major step for your involvement in implementing dietary
guidelines is setting goals and objectives and getting commitment to
action on the goals. In general terms, a desirable objective could be:
informed food choices for healthy eating in a safe food supply.

Setting specific goals for targeted populations, such as increasing
fish consumption from x variety of fish considering y sources, e.g.
sea, fresh water, and potential problems of toxicity for northern adult
males represents much more of a practical challenge.

Another major step is the selection of a framework in which ap-
propriate strategies for implementing dietary guidelines can be un-
dertaken. This will be an important consideration for the
Communications/Implementation Committee.

A broad framework can be used to illustrate the scope of work
which is feasible for participation of dietitians/public health nutri-
tionists. Achieving Health for All: A Framework for Health Promotion (1),
released in November 1986 at the International Conference of Health
Promotion, represents such a framework.

Dietary guidelines are an integral part of health promotion and
disease prevention. They are needed to meet current health chal-
lenges, such as reducing health inequities, increasing prevention ef-
forts, and enhancing the individual’s ability to cope. The mechanisms
which can be used to meet the challenges include self and mutual aid
and building a supportive environment.

Five major strategies form the basis of actions for dietitians and
public health nutritionists. The strategies are essential at a time when
demand for nutrition is ever increasing and services are often being
pushed to their limits.

Healthy Public Policy

Depending on the state of policy development, contributions to cre-
ation, modification, and/or coordination of nutrition policies in
healthy public policy must be made. At all levels, actions to coordinate



FOR REFERENCE PURPOSES ONLY

Steps for Dietitians 289

policies and programs which address health, social, economic, and
environmental issues are needed. Key steps include:

« intersectoral coordination — initiating collaborative actions among
agencies, government groups, professional associations to bring about
change in food consumption patterns;

* economic measures — analyzing the impact and recommending those
measures such as taxes and subsidies which would support positive
changes in food selection, i.e. supporting incentives such as health
insurance plans which include nutrition counselling;

» regulations and standards — developing and implementing those which
would ensure the availability of foods in food delivery systems con-
sistent with the dietary guidelines.

Community Services

Dietitians and public health nutritionists participate in the delivery
of nutrition within the framework community services, particularly
community health services, so as to implement dietary guidelines.
The steps that are now needed may involve reorientation of services,
strengthening of existing services, or increasing the availability of
services to implement the guidelines successfully. Key steps include:

* increasing access to services — ensuring access to nutrition counselling
when required for individual behaviour change (this necessitates sup-
port for preventive as well as therapeutic treatment);

» professional development — organizing and presenting programs re-
lated to the interpretation of dietary guidelines to health professionals
in both training programs and in continuing education programs.

Public Participation

The dietitian/public health nutritionist must take steps to increase and
strengthen citizen actions. Increased involvement of individuals and
communities in the decision-making process will impact favourably
on acceptance of dietary guidelines. For many, the role assumed by
dietitians and public health nutritionists will shift from deliverer to
facilitator. Key steps include:

* strengthening voluntary groups — providing professional or expert ad-
vice initiated by self-help groups such as weight control groups;
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* facilitating communication among groups — initiating and supporting
interdisciplinary, intergroup activities such as a network for infor-
mation sharing on specific issues within dietary guidelines.

Public Information and Education

Information and education programs have traditionally been seen as
steps taken to implement dietary guidelines and they will continue
to play an important role in the context of other strategies. For di-
etitians and public health nutritionists, ensuring consistency in mes-
sages for the general public is a key concern. Moving from the general
statement of “reduce fat intake” to the specific individual request for
“how much” and “what do I reduce” does necessitate direct actions
and judgment calls. Key steps include:

s availability of timely information — ensuring that the information given
is both relevant and up to date, while responding to changing infor-
mation within dietary guidelines;

* application of appropriate education models — assessing existing models
from all areas and incorporating into the broad picture;

* development of personal skills — supporting programs in the workplace
which encourage opportunities to develop and practise skills in food
selection and preparation. (There is a return to practical activities such
as cookbooks with specific directions to reduce fat intake.)

Research and Knowledge Development

Dietitians and public health nutritionists play an important role in
implementing dietary guidelines through active participation in the
identification of research priorities. The questions that arise as a result
of developing and evaluating programs provide useful input into
setting research priorities. For example, we need to study changing
values and attitudes towards weight as a basis for advocating change
in stereotyping among media or the need for new products.

Conclusion

Participating in both academic and community-based research builds
a solid foundation for action.

The five strategies represent the breadth of knowledge, skills, and
abilities which are needed for dietitians and public health nutritionists
to take the steps to implement dietary guidelines.
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JOAN DYE GUSS50W

Dietary Guidelines: Steps
for Nutrition Educators

As the third to last speaker on the last day of a two-and-a-half-day
conference, I feel blessed, as I am sure you do, by the fact that I have
been asked to speak for only ten minutes. I don’t want to listen to
anyone — including myself — for even that long this morning. Never-
theless, I am here, representing nutrition educators, and I am sup-
posed to tell you what we educators might do to help implement the
dietary guidelines.

Ideally, we might do a lot. In the interest of time, I would like to
ignore the question of whether nutrition education works, asserting
simply that we have evidence that under the right circumstances
nutrition education can and does work. I will also not deal with the
question of which are the best devices or motivational tricks or ex-
periences we can make use of to induce consumers to change their
behaviour on the basis of appropriate information. I can assure you,
however, that we know increasing amounts about how to make nu-
trition education work to produce behavioural change — given the
right circumstances. What I want to focus on today are the actual
circumstances under which nutrition education professionals are
now trying to work. What is the environment in which we try to
reach the public with relevant, complete, accurate — and motivating
- information about diet and health?

To begin with, the environment is one in which publicly funded
nutrition education efforts are scattered and inconsistent in quality,
so most children never receive a thorough grounding in ways of
thinking rationally about food and their own well-being. Corporate
wellness programs reach some adults who are part of corporations
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large enough to afford them, but many such programs pay nominal
attention to teaching people how to make sense of the changing food
supply. So most people’s exposure to wit and wisdom on food and
nutrition comes not from organized efforts at promoting nutrition
literacy, but from the global buzz; the environment in which nutrition
educators try to work is one in which the noise to signal ratio is very
high.

You have only to look around you to realize that consumers — of
both food and information — are being exposed to a lot of data these
days about eating in relation to well-being. Twenty years ago, even
fifteen years ago, you could not have interested a newspaper editor
or a food manufacturer in using “nutrition” to promote her or his
products. Nutrition was, by definition, boring. Today newspaper peo-
ple who know varying amounts about either food or science comb
the pages of the New England Journal of Medicine for their everyday
story ideas; most newspapers have “science” and “food” sections
which regularly report the latest nutrition discovery; and national
newsmagazines schedule cover stories on subjects like “The Diet
Wars” in which foods are consigned to the “bad” column or dragged
back into the “good” column based on a single report from the latest
issue of Science.

Just to give you a feeling for what this means, I have collected,
quite casually, a few of the major stories that have appeared in the
New York Times in the last two months - stories that appeared in much
less careful detail elsewhere throughout the media of both our coun-
tries. On April 19, Jane Brody, writing under the headline “New Index
Finds Some Cancer Dangers Are Overrated and Others Ignored,”
describes Bruce Ames’ new ranking system for carcinogens in which
the daily consumption of one peanut butter sandwich is described as
producing ten times the risk of eating 31/ oz. of cooked bacon a day.
(Since that 312 oz. is eight (8) slices, the equivalent of more than half
a pound of raw bacon a day, one must assume that Dr Ames was
thinking only of the nitrosamine hazard, and not of bacon’s fat or salt
content, which might lead some of us to discourage the consumption
of four pounds of bacon a week!) Brody’s follow-up “Personal Health”
column on the Human Exposure Dose/Rodent Potency Index clearly
shows tap water to be more dangerous than pcss, Epss, and DDT.
(Personally, I find it hard to believe that Ames called it a HERP index
without tongue in cheek, but with scientists, one never knows.)

On May 7 women got the bad news that they had to avoid any
alcohol at all. The carry-over story in the Times was headed “Drinkers
Warned on Breast Cancer,” but “drinkers” turned out to include even
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Aunt Minnie, who only sipped the wine at mass, since Nifi researchers
were said to have found that “any amount of alcohol, even the equiv-
alent of less than one drink weekly, raises the breast cancer risk by
at least 40%.” So the choice clearly is to drink pDT, since water,
alcohol, and coffee have been proved harmful, but pesticides are safer
than you think.

But even that reassurance might not have calmed the consumers
who read on May 13 and May 21 about successive Nas reports indi-
cating that 1) chemical and microbial contamination of poultry was
widespread in the U.S. and 2) pesticide regulation was spotty at best.
The riskiest foods, according to the pesticide report, were tomatoes,
potatoes, and beef, oranges, lettuce, apples, peaches, pork, wheat,
soybeans, beans, carrots, chicken (again), corn, and grapes. Ob-
viously a daunting list to those of us attempting to convince con-
sumers to eat more fruits, vegetables, grains, and poultry. Consumers
could learn from the story that 8.75 of 10,000 of those who ate tomatoes
over a theoretical 70-year lifetime “will develop cancer from pesticide
residues.”

I well remember a professor I once had who, when a student came
up and asked him about a study that was reported in the paper,
replied contemptuously, “I don’t do my science reading in the news-
papers.” Well, scientists may not, but the public does. So when one
group of researchers comes to the conclusion, based on a relatively
short-term study of the diets of a relatively restricted age group of
women, that the women (in their group) with the highest fat intake
do not differ in cancer risk from those with the lowest fat intake, the
press coverage headline “Fat Not Implicated in Breast Cancer” may
convince the female public that does not have a private nutritionist
to consult that they may as well eat that four pounds of safe bacon
a week.

Moreover, the confusion produced by the presumably well-mean-
ing is compounded by the confusion sowed — not always uninten-
tionally — by the entirely profit-minded. At a time when the public is
suddenly fascinated by “healthy foods” or what marketers describe
as “foods that appear to be healthy,” everyone is selling the appearance
of health. And in a deregulated marketplace, the fall-out can be re-
markably confusing. In the good old days, 16 or so years ago, I was
trying to help devise ways of regulating the advertising of foods so
that it would help rather than baffle the consumer. At that time many
of us came to understand 1) that consumers needed information that
was “relevant, complete, and accurate” and 2) that those terms were
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going to prove hard to define. Unfortunately, today no one is even
trying to define them. In the U.S. the present administration — as is
well known - has very different views on how to achieve market
efficiency. The free-play of the marketplace — the invisible hand
of self-interest — will, they believe, ultimately serve the consumer
best.

And how has the consumer’s interest in learning how to select
healthful foods been served by information in the public marketplace?
A quick glance through some of the recent campaigns featuring “nu-
trition” is sobering. Admittedly, the manufacturers of bran cereals
have told you that the National Cancer Institute recommends fibre
to prevent bowel cancer. What they have not told you is that the
evidence on fibre is very confusing, that it is not at all clear that the
fibre of bran is as important as the fibre in fruits and vegetables, and
so on. As a former advertising man, Richard Manoff, wrote in a recent
issue of Advertising Age, “It is always possible to tell @ whole truth
without telling the whole truth. Advertising, by definition, is preju-
diced in behalf of product.” This means, of course, that no advertiser
can ever tell you to eat less of his product, however beneficial cutting
down might be in terms of your reduced risk of disease.

A perfect example of this is visible in recent advertisements for
beef, and in the recent plague of “facts about food” articles (planted
on the front pages of local newspapers’ food sections) informing you
that meat is healthful, low in fat, and so on. There is nothing intrins-
ically wrong with beef, and there is nothing wrong with consuming
amounts of it that are by current standards small. What the adver-
tisements (especially those from a well-known hamburger purveyor)
do not tell you is that the portion of meat consumed by most Amer-
icans is — like the standard burger ordered at the fast food establish-
ments that most ardently promote their good nutrition — much higher
in fat and salt, and served with a meal much lower in certain other
nutrients than is considered healthful by any nutritional standards.
Of course you can “dilute” those limitations by eating only fruits and
vegetables, unbuttered whole-grain breads, and other low-fat, low-
salt foods for the remainder of the day. But the advertisers do not
tell you that either.

Even more disquieting is the way in which brand new products are
being invented and promoted as “healthy” before the scientific com-
munity has come to agreement about their virtues. The current mania
for “health promotions” (as opposed to “health promotion”) seems
to have begun with bran and reached a climax (at least this year’s
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climax) with calcium. Nutrition educators of necessity view the cal-
cium fad with real alarm.

The facts about how calcium qua “calcium” affects osteoporosis are
far from clear cut, and in their present uncertain state should not be
influencing food marketing at all. (This is also true of the omega-3 fatty
acids, whose costliness as an ingredient may be the only thing saving
us from a spate of fatty acid-enriched products.) Just to give you a
feeling for where the marketers’ and consumers’ interests most clearly
diverge, let me quote from a story that ran in Advertising Age in August
of last year. The story was headed “Calcium Market Shrugs Off
Study.” “The booming market in calcium supplements,” the story
begins, “seems fit as a fiddle despite a new study suggesting that
added calcium may not prevent osteoporosis.” The story went on to
say that although unpublished research reported at a medical meeting
the previous month showed women’s bone calcium levels unaffected
by dietary calcium, “the impact has not been felt on the calcium
supplement and additive market which was built on earlier studies
that linked calcium deficiency to osteoporosis.”

Now, frankly, I do not want food marketers prescribing calcium
for the public by dumping the mineral into every medium that will
hold it, from breakfast cereals to soft drinks. Nor do I want them
planting fibre in my breakfast cereals or omega-3 fatty acids in my
butter. We are having enough trouble sorting out the truth without
having to explain each new tentative finding to consumers who have
gotten their information from food marketers.

The reality is that we are in the midst of a diet and health fad in
which everyone with a product, a newspaper, or a magazine to sell
has something to say about diet and health. Not all of it is true, all
of it is partial, much of it is not helpful, and very little of it is set
appropriately within the overall context of diet and disease. And what
this means for nutrition educators — not a powerful or high status
group to begin with — is that we are shouting into the wind.

What can be done about this? Fortunately, my time is short, since
I can better describe the problem than suggest realistic remedies. We
could regulate health claims in food advertising, but I am not optimistic
about that possibility in the U.S. given the present anti-regulatory
climate in Washington. We could put a 1% tax on the marketing budget
of the largest industry in the U.S., the food industry, to provide a
fund for public media education. The marketing budgets of just 13
major companies (reported in Advertising Age) came to over $5 billion
last year. One percent of that is about $53 million, which would
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provide $1.00 for every school child in the U.S. - twice as much as
was provided by the only mandatory (and short-lived) nutrition ed-
ucation program our country ever had. But I am not optimistic about
this coming true either.

As for the well-meaning, what can we ask of them? We could ask
the press not to cover the New England Journal of Medicine. We could
ask scientists to inform reporters forcefully of the modesty of their
own results, to remind reporters that one swallow does not a summer
make, and that results from one epidemiologic study should not be
the basis for widespread dietary change. We could pay teachers and
fund education to produce a public that can reason, that can sort
through the masses of trivia that flood the media to pick out what is
essential in creating reliable pictures of the world. Since we do not
have a public that can make sense of fields much more essential than
nutrition, I am not optimistic about producing critical consumers of
nutrition education — even though I have written a book aimed at
doing just that.

Despite this admittedly gloomy picture, I believe we have some
evidence that people are improving their diets. I would be interested
in hearing from the audience and my fellow panelists during the
discussion that follows 1) whether you believe that to be the case,
and 2) what combination of intentional and unintentional “nutrition
education” has brought it about.
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RICHARD B. GOLDBLOOM

Nutrition, Diet, and Health:
The Physician’s Role

The topic of this symposium relates to preventive medicine in the
broadest sense — as it applies not only to physicians, but to other
health professionals and public health authorities. Implementing
some of the solutions proposed poses several major problems. Those
problems can be quite variable, depending on whether they apply to
the individual patient sitting in the doctor’s office or to community
public health policies.

Let me confess a personal bias at the outset. I was brought up in
the school of nutritional philosophy typified by the American writer
Jack Douglas, who uttered the immortal statement: “If I had my life
to live over, I'd live over a delicatessen.” Admittedly, those temples
of salt, nitrite, and saturated fat have had a rough time of it at this
gathering.

For the past decade, I have been involved with Canada’s Task Force
on the Periodic Health Examination and more recently with the anal-
ogous U.S. Task Force on Preventive Services. These two bodies are
charged with reviewing the quality of evidence for preventability of
various harmful conditions and making recommendations for pre-
ventive interventions based on such critical assessments. It is inter-
esting to observe how relatively cautious the views of such
independent assessment bodies are on preventive strategies when
compared to those of equally sincere groups committed to dealing
with a particular disease, such as cancer, heart disease, or diabetes.
This difference was exemplified by vesterday’s discussions in which
NIH recommendations concerning diabetic diet were contrasted with
those of the American Diabetic Association.
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In preparing to discuss implementation issues for physicians, I
sought solace as well as hard data from the scientific literature. 1
wanted to review the evidence for how much doctors really know
about diet, nutrition, and health; about how much they need to know;
and about how much of such advice their patients not only absorb
but actually translate into altered behaviour with the final desired
improvement in health. (The final part of the question is the one that
really counts.)

The literature review reveals some harsh realities. First, it is clear
that most doctors are trained to diagnose and treat disease and injury
rather than prevent them. This fact is often cited as a basic educational
evil, but I think we should carefully consider why this is so. In the
first place, most patients are more concerned with care of present
problems than with prevention of future ones. Second, there are
problems with the knowledge base. Physicians are poorly informed
on many issues of nutrition, diet, and disease. Besides, it has been
shown that physicians’ personal habits determine to a considerable
degree what they counsel their patients. Nutritionists should not take
any special satisfaction from this observation because, as Dr Philip
James pointed out, a study in the U.K. showed that nutritionists’
dietary habits were no different from those of the general public.
Then there is the issue of our faith in health promotion activities. My
concern here extends not only to the promotion of good nutrition but
also to other health issues such as accident prevention. Those who
review the evidence will be forced to admit that the track record for
health promotion is rather poor, and the scientific knowledge base
to validate the efficacy of health promotion is not large. Despite this,
health promotion in North America has become a major cottage in-
dustry. But I suggest to you that there is remarkably little evidence
that all the brochures, handouts, and other means of public com-
munication have a major impact on changing preventive behaviour.

Finally, there is the expectation, right or wrong, of low compliance.
Many doctors believe that patients are unlikely to follow recom-
mended diets, so that counselling may be largely a waste of time.
Those who read the literature critically are also concerned that there
may be instances of assigning guilt by statistical association, resulting
in associated phenomena being designated “risk-factors.” Guilt by
association and proof of causality are two very different things.

Just how appalling is the physician’s knowledge of nutrition and
diet? One study, conducted in 1982, showed that among some 49
physicians, knowledge of the sodium content of food turned out to
be at the same level as that of the general public. As I mentioned
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earlier, there is a limited amount of information which suggests that
doctors preach what they practise.

In 1978, Elizabeth Johnson and Nancy Schwartz studied physicians’
nutritional knowledge and practices. They found that the physician
was the individual whom the public relied on most for information
about nutrition as it related to disease. However, as noted previously,
doctors were not particularly expert in that aspect of their profession.
Not surprisingly, pediatricians attended post-graduate courses with
nutrition content much more often than did other types of physicians.

Deficiencies in nutrition knowledge do not constitute the only prob-
lem in medical practice. There is also a problem of misapplication of
nutrition knowledge. One may cite the continuing extensive use of
vitamin supplements for children over two years of age who are
consuming perfectly good diets. Or the continuing extensive use of
vitamin and mineral supplements for pregnant women whose nutri-
tional intake is also entirely satisfactory.

How are these identified problems to be rectified? There is re-
markably little information in the medical literature to answer this
question. In one investigation conducted at the University of Min-
nesota, physicians attending an update program were provided with
lunches for a five-day period which conformed with a type of “pru-
dent” diet. A separate group of physicians was tested prior to the
introduction of the trial and 29% of them rated the diet as palatable.
However, among those who unknowingly consumed the diet for the
five-day period, 64% rated the diet as palatable and, one year later,
55% stated that they had increased the amount of nutrition coun-
selling in their daily practices. However, this type of study must be
interpreted with some caution because of the unreliability of self-
reported behaviours.

There are other factors that place limits on implementation of pre-
ventive behaviours. One is that in North American health care sys-
tems, there is frequently no remuneration for preventive services,
including counselling. Such counselling requires a considerable
amount of time in clinical practices where there is often a great deal
of pressure for therapeutic services. For some issues in preventive
nutrition, communication between doctors, governments, and the
food industry is vitally important. I recall that, during my years as a
practising pediatrician in Montreal, we were still seeing about 100
children a year with vitamin D deficiency rickets, at a time when the
condition had disappeared from most other provinces. The problem
disappeared immediately when the provincial government was finally
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persuaded to legislate the supplementation of milk with vitamin D.
Thus, in some situations, strategies and solutions that deal with the
population as a whole rather than the individual patientin the doctor’s
office can be far more effective.

It is tempting to believe that problems like atherosclerosis, obesity,
and hypertension are preventable by nutritional modifications. The
truth is that for many of our patients the best solution would be to
trade in their genes for a better set. But since this is not easily accom-
plished, my final plea would be that until we have sufficient knowl-
edge to be sure of our ground in nutritional approaches to the
prevention of disease, we should practise patience and restraint. Med-
ical history is littered with examples of today’s dogma becoming to-
morrow’s malpractice. Let me recall Dr Roncari’s beautiful
presentation of new information about the problem of obesity. His
findings suggest that some of the advice on caloric restriction we have
traditionally given to obese patients may be not only unhelpful, but
possibly harmful. Recognition of our own ignorance should not be
misinterpreted as apathy. I am reminded of the woman who answered
her doorbell to be confronted by a gentleman who announced that
he was conducting a national survey. “Madam,” he said, “we want
to know which you consider to be the biggest problem affecting Ca-
nadians — apathy or ignorance?” to which she replied, “I don’t know
and I don't care!”

In a collection of essays entitled The Medusa and the Snail, Dr Lewis
Thomas takes as his theme the seven healthy life habits which have
been widely promoted by the Blue Cross in the United States, and
which have to do with proper diet, exercise, and all the virtuous
aspects of lifestyle. Let me quote his final paragraph:

Nobody can say an unfriendly word against the sheer goodness of keeping
fit, but we should go carefully with the promises. There is also a bifurcated
ideological appeal contained in the seven life habits doctrine, quite apart from
the subliminal notion of good luck in the numbers involved — 7 come 11.
Both ends of the political spectrum can find congenial items. At the further
right, it is attractive to hear that the individual, the good old free-standing,
free-enterprising American citizen is responsible for his own health. When
things go wrong it is is his own damn fault for smoking, drinking and living
wrong and he can jolly well pay for it. On the other hand, at the left, it is
nice to be told that all our health problems including dying are caused by
failure of the community to bring up its members to live properly, and if you
really want to improve the health of the people, research is not the answer.
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You should upheave the present society and invent a better one. At either
end you can’t lose. In between, the skeptics in medicine have a hard time
with it. It is much more difficult to be convincing about ignorance concerning
disease mechanisms than it is to make claims for full comprehension, espe-
cially when the comprehension leads, logically or not, to some sort of action.
When it comes to serious illness, the public tends understandably to be more
skeptical about the skeptics, more willing to believe the true believers. It is
medicine’s oldest dilemma, not to be settled by candor or by any kind of
rhetoric. What is needs is a lot of time and patience, waiting for science to
come in, as it has in the past, with the solid facts.
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Dietary Guidelines: Steps
by Government Agencies

Nutrition Recommendations came to Canada in 1977. They arose,
somewhat mellowed, from the Report of the Committee on Diet and
Cardiovascular Disease, popularly known as the Mustard Report, and
became the foundation for educational programs and regulatory ac-
tions relating to nutrition.

These early recommendations gained the support of other federal
government departments concerned with food, and with provincial
governments, professional organizations, as well as food producers
and consumers. Dr T.K. Murray, then Director of the Bureau of Nu-
tritional Sciences, spearheaded their development and acceptance.
They were generally seen as moderate and sensible guidelines based
upon the strongest scientific evidence available at that time.

Subsequent reviews of the scientific literature provided assurance
that the guidelines were still valid. The Nutrition Recommendations
for Canadians, as stated, appeared to be serving their purpose, but
posed some difficulty in practical application, particularly in reducing
the level of fat to 35% of dietary energy. Ways for decreasing fat
intake a consumer could understand and methods for quantitating
the fat intake needed improvement. Ten years after the introduction
of Nutrition Recommendations for Canadians, the scientific basis and
the implementation of recommendations require updating and revi-
sion,

Provision of dietary advice has proliferated in North America and
touched upon fears of developing specific diseases. Individuals may
be forgiven their confusion about which disease they are trying to
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prevent. For example, a food that is high in both calcium and saturated
fat may be promoted to prevent osteoporosis but condemned for
increasing the risk of cardiovascular disease. The Canadian diet
should be one that maintains nutritional health, which also implies
a decrease in the risk of a degenerative disease. Those trying to pre-
vent specific problems would benefit from a common base for good
nutritional practices. Well-founded nutrition guidelines must be ap-
plicable to the general population and understandable to the users.

The National Institute of Nutrition played a valuable role in bringing
together organizations generating or using dietary advice with a view
to discerning the need for nutrition guidelines. As a result the De-
partment of National Health and Welfare made a commitment to
revise the Nutrition Recommendations for Canadians. Federal lead-
ership seemed imperative for broadly-based, national recommenda-
tions.

In mid-March of 1988, Mr Jake Epp, Minister of National Health
and Welfare, approved the formation of two committees to report
jointly to the Health Services and Promotion Branch and the Health
Protection Branch. One committee will be responsible for scientific
review and assessment of strength of evidence and the other com-
mittee will be responsible for the communication and implementation
aspects of the revised nutrition recommendations.

A consultative process is underway with interested parties who are
proposing names of persons who might make a contribution. It is
anticipated that specific task groups will report to the appropriate
committee.

Further educational and regulatory programs will be formulated in
the environment engineered by revised nutrition recommendations.
They will be given renewed impetus by the knowledge that not only
can they depend on and refer to the best available assessment of the
scientific evidence, but that a great deal of fresh thought has been
given to overcoming difficulties in communication and implementa-
tion.

We expect that government agencies with different mandates and
constitutional responsibilities will come together to implement dietary
guidelines in a harmonized and harmonious way. This will aid in the
promotion and protection of the health of Canadians and be a cor-
nerstone of federal and provincial accords in public health. Naturally,
we shall seek cooperation with academia, with industry, with com-
munities, and with the many voluntary organizations who have so
much to offer.
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Implementation over the years will surely require more population
monitoring, research and demonstration projects, appropriate regu-
latory changes, periodic reviews, and greater exchange of informa-
tion. This meeting is a prelude to what we hope will be something
of a renaissance in Canadian nutrition.
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JOHN CAIRNS

The History of Mortality

One of the major human accomplishments in the last 200 years has
been the prevention of premature death. Readers of this article should
realize that, if they had been born at any time before the middle of
the eighteenth century, a quarter of them would have died before
even learning how to read.

As we shall see, throughout the history of Homo sapiens, until
about 1750, the balance of life and death hardly changed at all. Pop-
ulations survived because each woman of reproductive age produced
on average five or six children; of the two or three that were female,
one survived to become her mother’s successor. Today, in most na-
tions, childhood mortality is so low that the size of the population
will be maintained if women have slightly more than two children
each; indeed, the population of the world as a whole now has an
average life expectancy that is higher than the highest achieved by
any nation before the twentieth century. In each country, the change
in mortality came several generations before the change in birth-rate,
and that is why there has been an explosive increase in population.

The causes for these demographic changes have been the subject
of much argument among economists and social and medical histo-
rians. One way of approaching the problem is to concentrate on a
single parameter, the obvious choice being mortality. Unlike health
or happiness, it is a precisely measurable variable. Furthermore, there
are reasonably accurate ways of estimating the force of mortality at
different times in human history.
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Measurement of Life Expectancy: Life Tables

Collection of vital statistics has been a preoccupation of rulers and
governments since the beginnings of recorded history, because the
size of a population determines how large an army it can mobilize
and how much it can produce in taxes. The number of adult males
in the tribes of Israel, for example, was counted by Moses and King
David as a prelude to their attacking the neighbouring tribes; the
Romans needed regular censuses so that they could tax their colonies;
the Normans recorded in minutest detail the population of conquered
England in the Domesday Book, because even the humblest peasant
was considered part of the taxable assets of each rural estate. Inter-
estingly, none of these early surveys was concerned with the lon-
gevity, suffering, and mortality of the population being surveyed.
Even the first United States census of 1790, which was carried out
for the democratic purpose of ensuring that each state should have
the right number of representatives in Congress, went no further
than to subdivide the white male population into those under or over
the age of 16.

Despite the absence of any information on life expectancy, govern-
ments found themselves having to enact laws about life insurance
and annuities, and the way they did this shows us how unsophisti-
cated were their thoughts about the force of mortality. Roman law,
for example, accepted the simple rule that anyone under the age of
20 could expect to live for another 30 years, and anyone over 20 could
expect to live to the age of 60. Similarly, in seventeenth-century Eng-
land, the official table for calculating annuities (certified by Newton
himself) assumed that each person, irrespective of age, would survive
on average for an additional ten years. Some populations do show
this kind of exponential decline in numbers, where the force of se-
nescence is not detectable and the probability of dying is constant for
each time interval: radioactive atoms are constrained to behave in this
manner by the Principle of Uncertainty; for some birds the hazards
of their normal environment are so great that almost none of them
live into old age, and the decline of each cohort is effectively expo-
nential; and there have been human populations, such as the inhab-
itants of ancient Rome (see below) and certain groups of fighter pilots
in World War II that were similarly overwhelmed by their circum-
stances. But it seems extraordinary to us today that a government in
what, after all, was to be the beginning of the Age of Enlightenment
should have been so fatalistic as to accept exponential decay as a
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fitting description of human mortality. (By chance, at just about this
time, Leibnitz, the co-inventor of calculus, was urging that there
should be some effort to determine what were the actual statistics of
mortality.)

The formula for calculating life-expectancy in seventeenth-century
England was so unrealistic that annuities became much too good an
investment for foreign capital. This led to a desperate search for some
source of information that would show the exact relationship between
age and death-rate. The answer was eventually found by the English
astronomer Edmund Halley, who learnt that the town of Breslau had,
for some years, been keeping a record of age at time of death for
every death within the city. He obtained a copy of the register covering
a period of five years, and with this and a record of the number of
births in the city he was able to construct the first life table (1). The
method for preparing such tables can be illustrated using his example.

The Breslau registry of births reported that, on average, 1238 chil-
dren were born each year. The register of deaths showed that each
year, on average, 348 children died before their first birthday; if we
assume that there had been no net immigration or emigration of
infants during this period, it follows by subtraction that each year,
on average, 89o children survived at least to celebrate their first birth-
day. Each year, 69 children died who were between one and two
years old; this implies that each year only 821 of those 89o children
would survive to their second birthday. The same calculation can
then be made for every subsequent year of life using the average
number of deaths observed in each one-year age group. The final
result shows us how many of the 1238 children born in any one year
would on average live to celebrate any particular birthday (see Table
1). Halley realized that this procedure would be valid only if there
had been no movement of people in or out of the city and no change
in the force of mortality; for example, the calculation assumes that
when the children born in 1690 reach 50 years of age they will be
subject to the precise annual mortality that was being suffered by
those who had reached 50 in 1690 (i.e., were born in 1640). Also,
because he only had records for five years, he could not exclude errors
due to migration or to changes either in birth-rate or in mortality,
although he pointed out that during this period the annual birth-rate
roughly equalled the annual death-rate, as it should in steady-state
conditions (actually, he observed that there were on average 64 fewer
deaths than births each year, but he attributed this to some deaths
having occurred in foreign wars and therefore not being counted, and
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Table 1
The Life Table for Seventeenth-Century Breslau®

xR

Age Number %  Age Number %  Age Number %  Age Number

0 1238 100 21 586 47 42 422 34 63 207 17
1 890 72 22 581 47 43 412 33 64 197 16
2 821 66 23 576 47 44 402 32 65 187 15
3 776 63 24 570 46 45 392 32 66 177 14
4 744 60 25 564 46 46 382 31 67 167 13
5 716 58 26 558 45 47 372 30 68 157 13
6 692 56 27 551 45 48 362 29 69 147 12
7 665 54 28 542 44 49 352 28 70 137 11
8 654 53 29 524 43 50 342 28 71 126 10
9 643 52 30 527 43 51 331 27 72 115 9
10 637 51 31 519 42 52 320 26 73 104 8
11 630 51 32 511 41 53 309 25 74 93 8
12 624 50 33 503 41 54 298 24 75 83 7
13 619 50 34 494 40 55 287 23 76 73 6
14 615 50 35 485 39 56 277 22 77 63 5
15 613 50 36 476 38 57 267 22 78 53 4
16 610 49 37 467 38 58 257 21 79 44 4
17 607 49 38 458 37 59 247 20 80 36 3
18 603 49 39 449 36 60 237 19 81 29 2
19 598 48 40 440 36 61 227 18 82 23 2
20 592 48 41 431 35 62 217 18 83 18 1

*The first complete life table, prepared for the city of Breslau at the end of the
seventeenth century, by the astronomer Edmund Halley. On average, 1238 children
were born in the city each year, and the table shows how many of this annual crop
of children would still be alive at each subsequent birthday up to the age of 83 (1).

The table published by Halley is somewhat different from the version given here
because his object was to calculate the number of people alive at any moment. For
example, the number of children who were in their first year of life on any
arbitrarily chosen day would be somewhere between 1238 (the annual birth-rate)
and 890 (the number surviving a whole year). Thus the first entry in his table was
1000; subsequent entries were roughly halfway between the adjacent numbers
shown here (855 in the second year of life, 798 in the third, etc.).

so he surreptitiously made up the difference by adding a few extra
deaths to the older age groups). Halley realized that he could have
checked some of his assumptions if a census of the population had
been taken, because the table can also be read as an estimate of the
age distribution of the population at any given moment, and therefore
the total of about 34,000 for all the numbers in the table should equal
the total population of Breslau.
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For many purposes, it is convenient to summarize such a table by
calculating the average number of years lived by each person in the
population - in this case, the total number of years lived by the cohort
of 1238 people whose fate is described in the table, divided by 1238.
The calculation proceeds as follows. We can assume that the 348 who
died in their first year died half-way through the year and so con-
tributed 174 person-years to the total; the 69 who died in their second
year contributed 1.5 years each, or 103.5 person-years; and so on.
From the total of all those person-years (lived by the cohort born in
any given year) divided by 1238, we get an estimate of average life
expectancy at age zero. For Breslau in 16go it was 26.4 years; in modern
Wroclaw, life expectancy will be over 70 (unless, of course, there is
war).

Halley’s method for estimating the force of mortality can be used
whenever we have records of age at time of death, provided we have
reason to think that the total size of the population is not changing.
For example, we can estimate the life expectancy of prehistoric man,
because we can determine the age of the skeletons in Palaeolithic
burial sites; the Roman obsession with astrology made them record
on each tombstone the exact date of birth and death, and this gives
us the age at death for at least those people who were important
enough to deserve a gravestone; and of course the births and deaths
in the ruling families of Europe are part of recorded history. From
such records we can therefore estimate what life expectancy was for
certain groups of people in the distant or not so distant past.

For the more recent past, however, Halley’s procedure is not ad-
equate. When the size of a population is steadily increasing (as it was
in most industrial nations from about 1750 onwards), the number of
births each year exceeds the number of deaths. Since the deaths are
occurring among cohorts that were born many years earlier when the
annual birth-rate was lower by some unknown amount, we have no
way of deducing the original size of each birth cohort nor how many
of them are still alive, and so we cannot translate total numbers of
deaths in each group into age-specific death-rates. If we want to
measure life expectancy in an unstable population, we therefore have
to have a census that shows the number of people in each age group.

Fortunately, early in the nineteenth century it became the custom
in many nations to conduct regular censuses that recorded each per-
son’s age. Indeed, many of the reforms in public health that came
later in the century were stimulated by these surveys, which showed
for the first time just how appalling were the conditions in cities like
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Paris and London. Before dealing with these more modern statistics
we should, however, go back to the beginnings of mankind. Homo
sapiens has spent at least ten times longer being a hunter-gatherer
than an agriculturalist, and the city dweller is a still more recent
invention. We should therefore expect to find that much of our bio-
chemistry and our pattern of reproduction was selected to be suitable
for what we would now think of as an alien lifestyle, and so we may
find that some of our present diseases can be traced to our departure
from the habits and lifestyle to which we were adapted. To give just
one example, breast cancer is now the commonest cancer for women
in the Western world, but there are good reasons to think that it
would become one of the rarer cancers if we all were to go back to
the diet and breeding habits of hunter-gatherers.

The History of Mortality to 1700 A.D.

One of the most extensive and best documented Palaeolithic burial
grounds was found in a cave at Taforalt in Morocco (2). Forty thousand
years ago this was the site of a small community. They have left us
186 skeletons, and these give us a distribution of age at time of death,
which can then be translated into a life table. (Halley’s calculations
were based on the observed birth-rate in Breslau, and he added a few
extra deaths so that births and deaths were equal; we know nothing
about the birth-rate in Taforalt, and so we have to assume that the
number of births in any given period of time — in this instance, the
functioning life of the cemetery - roughly equalled the number of
deaths.) Figure 1 shows graphically this life table for Palaeolithic Man
compared with a similarly constructed life table for a Neolithic set-
tlement of early agriculturalists living in Hungary around 3000 B.C.
(2), and the life table for a contemporary tribe of hunter-gatherers
living in the Kalahari desert of Africa (3).

Considering the changes that are to come later, these three curves
are remarkably similar; indeed, their similarity suggests that they are
fairly accurate. The 'Kung are doing slightly better than our distant
ancestors (which is to be expected since they have survived so well
that they have elected to resist all the temptations of civilization), but
it seems likely that the pattern of birth, life, and death was probably
much the same for the three groups. The !Kung have been carefully
studied over many years, and the dynamics of their population are
well documented (3). On average, each breeding woman produces
4.5 children, spaced about four years apart. Of these, 2.2 are girls,
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Figure 1. Life tables for Palaeolithic man (40,000 B.C.) and Neolithic man (10,000 B.C.),
based on the excavation of burial grounds in Morocco and Hungary (2), and for the
contemporary !Kung tribe of hunter-gatherers in the Kalahari desert (3). Because infant
death would probably be underestimated, deaths under the age of five are exctuded.

and of them one survives to be the replacement for her mother. In
this way, births balance deaths, and the population tends to maintain
itself at a constant level from one generation to the next. Much has
been written about the four-year interval between successive births.
It is probably essential for tribes such as these; for the mother in a
nomadic family carries some of the baggage and also has to carry the
youngest child, so she cannot easily carry another child (4). Part of
the long interval between births is due to prolonged lactation, which
is believed to inhibit ovulation (the diet of nomads is difficult to eat
if you have no teeth, and so the mother has to breast feed each child
for about three years (5)). However, the tribe undoubtedly has some
unexploited capacity for increase that is kept in check by abortion,
infanticide, and restrictive rules governing matrimony. For the ancient
non-nomadic communities shown in Figure 1, mortality was some-
what higher and so each breeding woman must have had to produce
more children to maintain the population.

The invention of agriculture, around 10,000 years ago, vastly in-
creased the capacity of land to support human populations (6). Pa-
laeolithic communities seldom achieved densities higher than 0.1 per
square kilometer, whereas early Neolithic agriculturalists reached one
person per square kilometer, and by the time of the Roman Empire
several countries had reached 15 persons per square kilometer. Pre-
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sumably the increased productivity of the countryside, brought about
by agriculture, improved the nutrition of its inhabitants and this then
led both to an increase in their fertility and to a decrease in their
mortality. The invention of agriculture, however, brought other
changes that were much more important than the mere increase in
population. It has regularly been observed that the inhabitants of
agricultural communities have to work much harder than hunter-
gatherers (7). In this sense, agriculture can be seen as the invention
that allows people to generate more food by working harder - in
particular, more food than they themselves can consume. So it brings
into existence societies in which some people not only produce food
for themselves but are forced to produce food for others — a devel-
opment that has been called “macroparasitism” (8). Such societies are
the very essence of civilization. But with their arrival the human race
acquired rulers and armies, and these had to be supported by yet
more work, which in turn created the demand for more births to add
to the working population — an idea that is explicit in the Roman
choice of the word “proletarius” to describe the segment of the pop-
ulation who were not landowners and whose prime function was to
produce offspring (“proles”).

It may never be possible to disentangle the many interactions be-
tween the inventions of agriculture and the birth-rate and death-rate
of these early populations; and the same problem will return when
we come to consider the demographic changes that occurred at the
time of the Industrial Revolution. However, one consequence of the
invention of agriculture was of enormous importance for the evolution
of human diseases, and that was the development of cities. Once
large numbers of people are in close contact with each other, infectious
agents can survive from one year to the next even if they produce
life-long immunity in their host, because there will now always be a
high enough concentration of susceptible children waiting to be in-
fected (9). So we see new human diseases arising that had probably
never existed before, such as measles and smallpox. Even diseases
that had existed since earlier times achieved a prevalence they prob-
ably never had among scattered, isolated communities. As a resuit,
cities came to be called the graveyards of mankind. We see this clearly
from the records of Roman cemeteries (10). The life table for the
inhabitants of the Roman colonies in North Africa in 0—400 A.p. shows
life expectancy to have been very like that of the 'Kung. In contrast,
Rome itself, even for those rich enough to deserve gravestones, must
have been an extraordinarily hostile environment. As Figure 2 shows,



FOR REFERENCE PURPOSES ONLY

The History of Mortality 317

; O14-year half-life ® Rome ®Roman N. Africa
w -9
e .8l
2 .74
«©
2 .6
>
€ .5
2
§ .4
T .34
8
19 .2
o

1

0

0

Figure 2. Life tables for urban and rural populations in the Roman Empire between
oand 200 A.D., based on the age distribution at death determined from the inscriptions
on gravestones (10). The survival of people living in the city of Rome is seen to be
close to the survival expected for objects with a half-life of 14 years. As in the previous
figure, survival is followed after the age of five.

the force of mortality there was so overwhelming that senescence
ceased to be very important; in any year, you had roughly a one-in-
twenty chance of dying irrespective of your age (namely, a half-life
of about 14 years). Such a population cannot sustain itself without
infusion from outside, and so the surrounding countryside had con-
tinually to provide Rome not only with the tribute of food and taxes
but also with young recruits for its workforce. (Incidentally, this ex-
ample allows us to see how great a change has recently taken place
in our ideas of what constitutes the best of all possible worlds; just
two hundred years ago the historian Edward Gibbon declared that
“If a man were called to fix the period of the world during which the
condition of the human race was most happy and prosperous, he
would, without hesitation, name that which elapsed from the death
of Domitian (96 A.D.) to the accession of Commodus (180 A.p.).”)
Ancient Rome may have been an extreme case, but it was not until
the twentieth century that any city became able to sustain itself with-
out continual influx of people from outside. Indeed, it was the contrast
in the statistics of life and death in the towns and country districts
of eighteenth- and nineteenth-century Europe that first stimulated
sanitary reform and gave rise to the science of public health. As we
shall see, the way these reforms came about is interesting, because
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it shows how much can be achieved on the basis of empirical evidence
even when your underlying beliefs as to mechanism are completely
fallacious.

The Seventeenth and Eighteenth Centuries

In 1662 John Graunt published a study of the weekly record of mor-
tality for London (11). He showed that the city regularly recorded
more deaths than births and was being maintained by immigrants
from the country, and he ascribed its unhealthiness rather vaguely
to pressures of population and to the ever-increasing smoke as the
nation turned to coal for its source of heat. Even though he discussed
the rise and fall of various diseases, he seems to have been uninter-
ested in their causes. Indeed, he ends his book discreetly by saying,
“whether the knowledge [of births and deaths, migration and disease]
be necessary for many, or fit for others than our sovereign and his
chief ministers, | leave to (the) consideration (of others).”

People’s attitude to disease seems to have been a strange mixture
of activism and passivity. Everyone knew that plague was a conta-
gious disease which could be escaped by avoiding any contact with
victims. That was why Boccaccio’s talkative ladies and gentlemen
were sequestered in the country in 1348 (the very word “quarantine”
comes from the practice, in fourteenth-century French and Italian
ports, of holding ships at anchor off-shore for 40 days if they had
come from countries suffering plague). But the general force of mor-
tality, as it weighed upon the populace from one year to the next,
was treated as if it were something ordained by God, immutable and
not to be meddled with. Thus in 1741, when Johann Siissmilch wrote
what is generally considered to be the first treatise on population, he
carefully entitled it “Die Goéttliche Ordnung in den Verdnderungen
des menschlichen Geschlechts, aus der Geburt, dem Tode, und der
Fortplanzung desselben erwissen” (The God-given order to the
changes in male and female births and deaths, from one generation
to the next).

Times were changing, however. Within one generation, Johann
Peter Frank produced the first of a series of books describing how
the cities could be kept clean and free of disease, and how the German
authorities should encourage the population to produce children who
then would be properly looked after, educated, and protected from
accident. His “System einer vollstindigen medicinischen Polizey” (A
system for the policing and control of medical hygiene) appeared in
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six volumes between 1779 and 1817, and may perhaps be counted as
the first statement of the concept of public health. Unfortunately, like
many really original suggestions, this one seems to have had little
impact. (A similar scheme was proposed, at about the same time, to
the revolutionary Constituent Assembly of France by Dr Guillotin,
but it too was not acted upon, and his lasting fame rests upon a very
different invention.)

For some years, Sweden had been keeping a complete record of
births and deaths. After comparing the records for urban and rural
Sweden and England, Richard Price, the English theologian and rev-
olutionary, wrote:

From this comparison it appears with how much truth great cities have been
called the graves of mankind. [The comparison] must also convince all that
... it is by no means strictly proper to consider our diseases as the original
intention of nature. They are, without doubt, in general, our own creation.
Were there a country where the inhabitants led lives entirely natural and
virtuous, few of them would die without measuring out the whole period of
the present existence allotted them; and death would come upon them like
a sleep, in consequence of no other cause than gradual and unavoidable
decay. Let us, then, instead of charging our Maker with our miseries, learn
more to accuse and reproach ourselves. (Essay on the population of England,
sent as a letter to Benjamin Franklin in 1769.)

Price then goes on to lay the blame firstly on the luxury and de-
baucheries of town life, and secondly on the general filth of all cities;
so his stance is still slightly tainted with the moralism of an earlier
age. He was, however, one of the founders of the first life assurance
company, and it seems likely that his influence can be detected in
the wording of the U.S. Declaration of Independence.

The end of the eighteenth century was above all a time of high
ideals and revolution. That was when people started to collect statis-
tics on mortality, and it seems to have been about then that govern-
ments and rulers started to adjust to the idea that one of the most
important responsibilities of the state is to provide a happy longevity
for its citizens — that is, for all its citizens, rather than just the rich
and the powerful. It had seemed perfectly reasonable that Frederick
the Great, when pursuing his family squabbles on the largest of scales,
should urge on his troops with the cry, “You rascals, do you want to
live forever?” Yet, less than twenty years later, Thomas Jefferson was
writing a draft of the U.S. Declaration of Independence and asserting
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that we all have a right to “the preservation of life, liberty, and the
pursuit of happiness.” And, significantly, it was about then, at the
end of the eighteenth century or early in the nineteenth, that life
expectancy started to climb. For those lucky enough not to be in large
cities, life expectancy had been roughly 40 for hundreds or even
thousands of years (except, of course, in times of famine and pestil-
ence). Over the next 150 years, however, the industrial nations of the
world were to see average life expectancy move up to 75 and beyond.

We would obviously like to know what actually were the technical,
social, and political changes that produced such a sudden improve-
ment in the human condition. How many of the changes were meant
to improve public health and how many were fortuitous? How often
did the reforms confer such obvious benefits that they were instantly
accepted by everyone, and how often did they have to be forced on
the population by some paternalistic authority? It is also worth con-
sidering what, at the time, were believed to be the causes of premature
mortality; as we shall see, the arguments that raged then over the
causes of what we now call the infectious diseases were extraordi-
narily like some of the present arguments about the causes of cancer.
By looking at this period, we may learn some important lessons about
the practice of public health and preventive medicine.

We should start with the crude facts. The exact historical records
of life and death in the ruling families of Europe show that, for the
rich, life expectancy started to go up somewhere between 1650 and
1750 (12,13). The uncertainty stems from the fact that the seventeenth
century may have been a period of unusually high mortality, and so
the first part of the increase in life expectancy could be considered as
the natural rebound rather than part of a long-term trend; after 1750,
however, there is no doubt about the trend. The common people had
to wait another 100 years before their lot improved (14), although the
rise in their life expectancy, when it finally came, was steeper than
it had been for the rich (Figure 3). (Even to this day, the rich tend to
live longer than the poor: in most Western nations, apart from Swe-
den, life expectancy is still about ten years greater for the highest
social classes than for the lowest (15); in the United States, for ex-
ample, the richest ethnic group is the Japanese and the poorest is the
blacks, and the life expectancies for Japanese, Caucasian, and black
women in 1960 were 8o, 75, and 67 respectively (16).)

Surprisingly, the prime causes of the increase in life expectancy are
still somewhat obscure. If the only information at our disposal were
the statistics for the total population of a nation such as England, we
would be forced to conclude that nothing happened to life expectancy
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Figure 3. Change in life expectancy in England since 1540. The values for female
members of the aristocracy come from family records (12). The values for the general
population come from a reconstruction of parish records (14). Note that it is not yet
possible to determine the average life expectancy for cohorts born after 1900 because
so many of these people are still alive; for an estimate of the likely change in life
expectancy in the twentieth century, see Figure 10.

until the middle of the nineteenth century, especially since we know
that this was the time of great sanitary reform. But mortality had
started to change much earlier for the rich, and so before we give all
the credit to the reformers of the nineteenth century we should look
at what was happening a hundred years earlier.

The eighteenth century saw one conspicuous innovation in public
health — the introduction of immunization against smallpox — and this
may have had a significant effect on overall mortality. In Sweden, for
example, smallpox was responsible for more than 10% of all deaths
in the middle of the century, but the figure had dropped to about 1%
a hundred years later (17). (In England the effect would have been
masked (save perhaps among the rich) because industrialization was
drawing people into cities; in the eighteenth century, London’s share
of England’s population went from 5% to 12%, and this would have
tended to raise mortality.)

Other important changes were taking place. Increasing trade with
the new world was bringing in new crops, plus the great wealth
engendered by such trade. Agriculture was becoming vastly more
sophisticated and efficient, so that many people probably had access
to at Jeast a more varied diet (18). Wool (which shrinks when washed)
began to be replaced by cotton, so that it became practical to wash
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your clothes repeatedly and therefore worthwhile to wash yourself
at the same time, and people at last started to be fairly clean, which
must have diminished the spread of many contagious diseases (19).
Lastly, there seems to have been a great change in attitude. Books
on health became best-sellers. In France, a book entitled “Avis au
peuple sur sa santé” (Advice to the population on its health) (Tissot,
1762) went through ten editions in six years, and a German equivalent,
“Gesundheitkatechismus” (A catechism for health) (Faust, 1794), sold
150,000 copies.

The emphasis of the times, at least among the reading public, seems
to have been on cleanliness. Unfortunately, this could be extended
to the general public only in those situations where there was some
centralized authority — as in certain hospitals, army camps, and ships
of the navy. For the poor, whether they lived in the city or the country,
the struggle for survival allowed little time for inventiveness, and so
they were not involved in these changes nor initially did they benefit
from them. Nevertheless, we should date the beginnings of public
health to at least as far back as the eighteenth century. Frank, who
was mentioned earlier in connection with his treatise on public health
published between 1779 and 1817, studied the state of medicine in
northern Italy and concluded that most disease could be traced to the
abject poverty imposed on the population by the nobility and clergy,
who owned all the land. In this, he was far ahead of his time, and
in consequence his attempts at reform were fruitless even though he
had the backing of the Emperor Joseph II. In a famous graduation
day address at the University of Pavia in 1790 (entitled “De populorum
miseria: morborum genitrice” [The suffering of the people: the genesis
of disease]), he pointed out a paradox that, to some extent, remains
unresolved to this day. “Why is it,” he asked, “that a vast amount of
illness originates in the very society that men of old inaugurated in
order to enjoy a safer life?”

Although most of the well-known heroes of public health are nine-
teenth-century figures, my own feeling is that the change can be
traced back to the philosophers of the Age of Enlightenment, who
persuaded the world that the human condition is not the subject of
Divine Will but is essentially a matter of choice. That, I think, was
the foundation of what was to happen in the next 100 years.

The Nineteenth Century

The population of Europe has suffered at least two periods of great
decline — during the Dark Ages which followed the fall of the Roman
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Empire, and during the fourteenth century when there was a succes-
sion of epidemics of plague, the worst of which killed one out of every
three people. But apart from these major setbacks the number of
people living in Europe (and in the world as a whole) had been
growing fairly steadily at the rate of about 7% per generation (i.e.,
was doubling every 300 years or so0). In the nineteenth century, this
was suddenly to change. Europe’s population doubled in 100 years
and would almost double again before reaching its present relatively
stationary state; indeed, England went further, doubling between
1800 and 1850, and again between 1850 and 1900, which amounts to
a 50% increase in each generation.

The exact process underlying this period of growth is still the subject
of debate (14,18,19,20). Obviously, for a population to increase, births
must exceed deaths; and if the increase is to be more than just tem-
porary, the growth must apply to the breeding population - that is,
must come in the form of either an increase in birth-rate or a decrease
in childhood mortality. Since the force of mortality did not change in
England for the nation as a whole until after 1850 (Fig. 3), the explosion
in population that occurred in the nineteenth century must initially
have been due to an increase in birth-rate. As mentioned earlier, the
circumstances of a !Kung tribeswoman determine that she has rather
little unexploited capacity for producing children. In contrast, the
modern European woman was plainly able to produce enough chil-
dren to increase the population by more than 50% per generation,
and nineteenth-century England was so organized (in terms of mar-
riage and reproduction) that she did exactly that. Historical demog-
raphers have therefore had to decide whether there was a sudden
change in marriage customs (proportion of women who married, how
young they were, etc.) or in the fertility of married women, and how
much the change was a physiological one - due, perhaps, to im-
provements in nutrition — and how much was the result of a conscious
effort to have more children. (Incidentally, any explanation has to
accommodate the awkward fact that a similar acceleration was oc-
curring at the same time in India, China, and Japan (21).)

Whatever the underlying cause, the increase in Europe’s population
was accompanied by a migration into the cities in pursuit of the wealth
that was being generated by the Industrial Revolution. Over the
course of 100 years, the populations of London and Paris increased
about five-fold, while Berlin increased ten-fold. By 1900, London con-
tained over six million people and the other two cities each contained
two to three million. As this growth occurred at a time when there
were few if any restrictions on the design and occupancy of buildings,
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Figure 4. Halley’s life table for seventeenth-century Breslau compared with the life
tables for London, Liverpool, and Manchester at the height of the Industrial Revolution.
In this and the next figure, deaths under the age of one are excluded.

or minimum standards to be met by landlords, the major cities of the
Western world maintained a squalor and level of mortality almost
matching that of ancient Rome.

The conventional view of the Industrial Revolution is that it wors-
ened the lot of the masses. Yet the statistics on mortality do not
support this idea. I would have guessed that life in seventeenth-
century Breslau was much like Wagner’s idyllic portrait of life in
sixteenth-century Nurenberg. In fact, Halley’s life table shows that
the conditions in Breslau were as bad as those of the worst of English
cities (Liverpool) at what must have been about the worst time in the
Industrial Revolution (Figure 4). As for life in the country, the rural
districts of England in the 1860s were subject to roughly the same
level of mortality as the agrarian community in Roman North Africa
nearly 2000 years earlier (Figure 5) (22). What had changed, however,
were people’s thoughts about disease and death. The world was now
ready for reform.

The earliest actual numerical studies of mortality among the poor
were carried out in France (23). In 1829, in the first issue of Annales
d’'hygiéne publique et de médecine légale, Villermé reported that most
paupers’ prisons in France were imposing on the wretched prisoners
an average annual mortality of about 25%; the cause had to be the
indifference of the authorities to the fate of the poor, rather than any
calculated severity, because mortality was much lower in maximum
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Figure 5. The life table for Roman North Africa in 0-200 A.D. compared with that of
53 sparsely populated (“healthy rural”) and 137 more densely populated rural (“partly
rural”) districts of England during the Industrial Revolution, and with that of present-
day England.

security prisons where there was forced labour. From prisoners, Vil-
lermé then turned his attention to the citizens of Paris. Figures were
available for mortality, and the affluence of various districts could be
assessed indirectly by determining the proportion of people who paid
rents that were high enough to be taxed. Using these statistics, he
showed that mortality was about 50% higher in the poorest districts
than in the richest. From there he went on to look at mortality for
different occupational groups and produced a table giving life ex-
pectancy at several ages for sixteen occupations. The differences were
very great: for example, at age ten the children of manufacturers and
merchants could expect to live for another 42 years; for factory work-
ers the figure was only 28 years.

Villermé’s second report, “Tableau de 1'état physique et moral des
ouvriers” (A tabulation showing the physical and moral condition of
workers), came out in 1840 and was followed, two years later, by
Chadwick’s “Report on the Sanitary Conditions of the Labouring Pop-
ulation of Great Britain.” The conclusion was all too clear. The busi-
nessman who built a factory and created jobs was bringing wealth to
some but he was certainly not bringing health to the workers in the
factory. For example, one of England’s major sources of wealth was
the manufacture of cotton fabrics (by the 1830s about 1% of the entire
population was engaged in the cotton industry). The southern states
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of the U.S. were becoming the main suppliers of raw cotton, and this
was made possible by the triangular trade — slaves from West Africa
to the U.5., cotton from the U.S. to England, and cotton (and other)
goods from England to Africa (and elsewhere). For people who were
rich, cotton fabrics made it much easier to be comfortable and clean,
and as mentioned earlier this cleanliness may have contributed to
their increasing life expectancy; for both the West African slaves (24)
and the English cotton-spinners, life expectancy at birth seems to
have been about 20 years.

The Industrial Revolution brought another very unwelcome result.
In 1831, trade with India introduced cholera to Europe for the first
time, and by the following year it had spread to the United States.
Like plague, cholera is a readily identifiable disease and typically
produces sudden violent outbreaks with a high mortality. For ex-
ample, the 1892 outbreak in Hamburg (which at the time had a pop-
ulation of about half a million) produced a thousand new cases a day
of whom half were to die, and one nineteenth-century epidemic in
Cairo killed 13% of the inhabitants. Europe had been free of such
cataclysmic epidemics for several generations; the last outbreak of
plague had been in Marseilles in 1720, and smallpox could by now
be fairly well contained thanks to vaccination. So the sudden ap-
pearance of a new epidemic disease precipitated a prolonged and
historically very important controversy about the causes of mortality.
It also stimulated the collection and use of proper statistics. Just as
the plague of 1592 had been the stimulus for the collection and pub-
lication of the weekly London Bills of Mortality, so it was that the
arrival of cholera in the 1830s made the British Parliament create, in
1848, a central Board of Health with the power to enforce the sanitary
reforms that were being advocated by those who knew the statistics.
The first half of the nineteenth century was therefore a time for as-
sembling statistics, arguing about causes and preparing for a reform
in public health.

The main causes of death were certain infectious diseases that we
have now almost completely eradicated. Indeed, the most important
of these (tuberculosis, diphtheria, cholera, dysentery, typhoid, and
typhus) are caused by micro-organisms that most people in the West-
ern world should now never meet unless they travel. Some of these
diseases are airborne, spreading directly from person to person; oth-
ers are carried in food or water. None of this, however, was known
at the start of the nineteenth century. Smallpox had been shown to
be contagious; indeed, the practice of inoculation was based on that
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idea. Plague and leprosy had for centuries been regarded as infectious.
But the other diseases, that we now know to be infectious, were often
not well distinguished one from another, and for the most part their
incidence did not vary greatly from one year to the next. So there
was ample excuse for not realizing that they were infectious diseases.
Furthermore, with the French and American revolutions fresh in
everyone’s mind, it was very much part of the spirit of the times to
look for political, rather than technological solutions for the ills of
humankind. Villermé and Chadwick had shown that the greatest
cities had the greatest mortality and that the poor lived less long than
the rich. Since mortality went hand in hand with density of population
and the general filth of cities, it was natural to propose that diseases
were caused simply by the miasma (smell) of people and the filth and
squalor that accompanies extreme poverty. So there arose, early in
the century, a strong anti-contagionist school which believed that
diseses were, with a few exceptions, not due to infective agents trans-
mitted from one person to another, but could arise spontaneously
wherever the miasma of poverty existed. (The issue has fascinating
similarities to the controversy, in the 1940s, about the origin of mu-
tations; interestingly, the arguments were resolved in opposite di-
rections, but each controversy lies at the heart of a scientific discipline
— respectively, clinical microbiology and classical genetics.)

The anti-contagionists included some strange bedfellows (25,26).
Many scientists felt that the arguments of the contagionists were very
weak, and this rather negative reason made them, illogically, into
anti-contagionists; they did, however, remain experimentalists at
heart and would fearlessly use themselves to prove that one or an-
other disease was not contagious, the most famous instance occurring
in 1892 when von Pettenkofer swallowed a culture of the newly iso-
lated Vibrio cholerae in the hope of proving that it was not a cause of
disease. The social reformers, with even less logic, tended to be anti-
contagionists because they believed that social reform was all that
was needed to resolve the problem of disease; for example, the great
German pathologist, Rudolf Virchow, was a staunch believer in the
social causes of diseases (e.g., that social conditions decided whether
your disease appeared as typhus or typhoid); it was thanks largely
to his efforts that Berlin was transformed into one of the healthiest
cities in Europe, and Pettenkofer was to do the same for Munich
(indeed, Virchow went further than most people and declared that
medicine is essentially a social science and politics is nothing more
than medicine on a large scale). Many priests were laissez faire anti-
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contagionists because they wanted to believe that disease was a sign
of sinfulness. Big business was anti-contagionist because it did not
want any form of quarantine to interrupt international trade and it
also did not want any social reform; its position was therefore at least
internally consistent (unlike, for example, the present-day American
tobacco industry which asks that the growers be subsidized and the
marketers be left free to advertise their lethal product). Lastly, even
the medical establishment was occasionally driven by self-interest to
take an anti-contagionist stance; for example, in 1897 the New York
Academy of Medicine opposed legislation that would make tuber-
culosis a notifiable disease, because this would diminish the power
and independence of the doctors (27).

Certain unfortunate experiments greatly strengthened the anti-con-
tagionist cause. Most of the people like Pettenkofer, who deliberately
employed themselves as experimental animals, escaped unscathed,
for many human pathogens are of rather limited virulence and tend
to become attenuated on culture. In the 1820s, the French conducted
a series of very careful studies of several outbreaks of yellow fever,
in the New World and the Old, and showed beyond doubt that the
disease could arise in people who had not come into contact with
other cases; yellow fever was, however, an unfortunate choice, be-
cause it is transmitted by mosquitoes, and consecutive cases can there-
fore arise far apart from each other. As a result of these studies, the
French Academy of Medicine produced a strongly anti-contagionist
report in 1828, and this led to a similar position being taken on many
other diseases (including cholera) and to the widespread abolition of
quarantine. (We should not blame them too much for this; the con-
tagiousness of diseases such as plague and smallpox had been a more
obvious and acceptable idea in earlier centuries when most people
lived in small towns or villages, travel was slow and difficult, and a
belief in contagion had rather few economic consequences.)

It is easy to list the sequence of discoveries that should have been
the decisive events in establishing, once and for all, that most mor-
tality at that time was due to pathogenic micro-organisms; hindsight
makes wise men of us all. What actually happened seems to have
been much less tidy. In 1840, a young German pathologist, Jacob
Henle, produced a masterly review of the literature, “Von den Mias-
men und Kontagien” (On miasmas and contagions), in which he out-
lined all the reasons for thinking that many of the common epidemic
diseases were caused by micro-organisms. His argument was partly
by analogy: fermentation and putrefaction had recently been shown,
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experimentally, to be the result of contamination with living creatures,
such as yeasts and fungi, that do not arise spontaneously; like the
process of fermentation, the development of a disease such as mea-
sles, scarlet fever, or smallpox takes time (i.e., each disease has a
characteristic incubation period); during this time the causative agent
must be increasing in quantity because we know, from direct obser-
vation, that in a disease such as smallpox a single pustule contains
enough of the agent to infect many people each of whom will, in due
course, bear many pustules; and it is this ability of the causative agents
of smallpox and the other epidemic diseases to multiply which shows
that they must be alive, since living creatures are the only things that
can multiply in number.

Unfortunately, Henle’s elegant reasoning seems to have had little
influence on his contemporaries, and anti-contagionism remained the
dogma of the day. Curiously enough, part of the problem came from
Darwin’s recently published account of evolution and the origin of
species. If species emerge spontaneously, one from another, under
the pressure of changes in their environment, then it follows (so the
argument went) that there must have been a primary act of sponta-
neous generation that gave rise to the first species; and if such an
event can occur, then who is to say that it is not occurring the whole
time? (Interestingly, a similar controversy raged in the 1930s over the
nature of the viruses of bacteria (bacteriophages), and once again the
wrong side was temporarily victorious; Burnet, in Australia, believed
that the bacteriophages were viruses and should be classified as living
because they exhibited, as he put it, “genetic continuity” from one
generation to the next (28); unfortunately, Northrop and others, who
were biochemists and therefore somewhat unreliable on matters of
biology, argued that the bacteriophages were inanimate toxic enzymes
which could induce a bacterium to make more such enzyme molecules
but were not alive and could not multiply. Their view prevailed for
several years — perhaps because Northrop had won a Nobel Prize and
Burnet, at that time, had not.)

In 1854, a third epidemic of cholera hit Europe, and it gave rise to
two reports that, at least in retrospect, should have settled once and
for all what was the immediate cause of the disease and how it was
spread. John Snow’s report, published in 1855 (“On the Mode of
Communication of Cholera”), showed, beyond all reasonable doubt,
that that particular outbreak of cholera was spread chiefly by contam-
ination of water supplies, and that some 600 cases could be traced to
one particular water pump in London. Furthermore, this local epi-
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demic provided him with several significant “controls,” for he noted
that the people occupying a nearby brewery and workhouse (each of
which had its own independent water supply) were spared, whereas
those who collected their water at the pump had a high risk of cholera
even if they happened to live far away. His book, which describes
the outbreak around the Broad Street pump in the district of Soho
and a rather similar episode south of the river Thames in the suburb
of Lambeth, is a tour de force. Indeed, it marks the beginning of in-
vestigative epidemiology. As it happened, another report was pub-
lished at about the same time by Filippo Pacini describing and naming
the unusual bacterium that is present in almost pure culture in the
intestines of people dying of cholera (“Osservazioni microscopiche e
deduzione patalogiche sul colera asiatico,” 1854). It is sad that neither
of these reports seems to have made any lasting impression on the
governments of the time. In England, the compiler of the Registrar
General’s Annual Reports, William Farr, persuaded himself as the
result of further epidemiological studies that Snow was right, and it
seems that many doctors were equally persuaded and, by their efforts,
cut short many outbreaks of cholera. But central authorities were not
persuaded; indeed, in an orgy of laissez faire capitalism the Parliament
in London shortly after this abolished Chadwick’s Board of Health,
which until then had been responsible for sanitary reforms in the
cities of England. The issue seems to have been the familiar one of
power politics, the lobbying of certain vested interests, and the gul-
libility of those who read newspapers. The London Times rejoiced in
the decision by saying that “we prefer to take our chance of cholera
and the rest than be bullied into health.” Chadwick retired. Snow
died at the age of 45. And although Pacini survived until 1883 he too
died a disappointed man, unaware that his discovery was just about
to be confirmed.

From the vantage point of the twentieth century, we can see that
the central, scientific issue was the question of spontaneous gener-
ation. If some disease is caused by a miasma and can appear in a
totally isolated community whenever the right physical conditions are
present, then the causative agent must be capable of arising by spon-
taneous generation (i.e., is not like the living creatures we see around
us, that can only increase by producing replicas of themselves); con-
versely, if the disease spreads solely by direct contact (contagion),
that must be because the causative agent is a living creature and
cannot arise de novo. Although experiments had already been per-
formed that seemed to exclude the possibility of spontaneous gen-
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Table 2
Death Rates (per Million) in England and Wales, Classified by Causative Agent.!
Conditions attributable to micro-organisms 1848-54 1971
Airborne
Tuberculosis 2901 13
Bronchitis, pneumonia, influenza 2239 603
Scarlet fever, diphtheria 1016 0
Whooping cough 423 1
Measles 342 0
Smallpox 263 0
Upper respiratory tract infections 75 2
Carried in food and water
Cholera, dysentery 1819 33
Typhoid (and typhus2) 990 0
Non-respiratory tuberculosis 753 2
Transmitted in other ways
Infections in infants 1322 0
Appendicitis, peritonitis 75 7
Puerperal fever 62 1
Syphilis 50 0
Other infections 635 52
Total attributable to micro-organisms 12965 714
Conditions not attributable to micro-organisms 8891 4670

Source: After Thomas McKeown, “The Role of Medicine: Dream, Mirage, or Nemesis” published
by the Nulffield Provincial Hospitals Trust London, 1976.

Notes

'Rates have been standardized to the distribution of age and sex in the population in 1901.
*Typhus is transmitted by lice, but in the early nineteenth century it was still not properly
distinguished from typhoid fever.

eration of the invisible causes of disease, the issue remained in doubt
until the 1860s, when Pasteur showed conclusively that any material
or culture medium that had been properly sterilized by heat would
remain sterile indefinitely provided it was protected against microbial
contamination from outside. His proof required the concept that sub-
stances can be sterilized by heat. This may seem a trivial notion, but
it is the foundation of the sophisticated technology that he and others
were developing for the study of bacteria. Once developed, these
techniques made it possible to identify all the major pathogenic bac-
teria (i.e., the immediate causes of most of the diseases listed in Table
2). Appropriately, the dominant figure at this time was a pupil of
Henle’s, Robert Koch. In 1882, Koch isolated the bacterium that is the
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cause of tuberculosis, and in the following year he went to Cairo to
investigate an outbreak of cholera and quickly identified the bacterium
that was responsible. On his return to Germany he was accorded a
hero’s reception, perhaps in part because the Egyptian exercise had
been a joint (but competitive) venture by Germany and France, and
so Koch’s success could be given nationalistic overtones.

Some doubters remained, however, even among the scientific com-
munity. The doctors could not have liked seeing so many of their
cherished beliefs cast aside. The bacteriologists must have seemed to
them like arrogant intruders, for this was really the first time that
laboratory science had invaded the practice of medicine. As the pres-
ident of the New York Academy of Medicine said, in 1885, “Have we
not had enough yet of the monthly instalments of new bacilli which
are the invariably correct and positive sources of disease ... ?”

Any residual doubts about the cause of cholera were settled by
Koch’s study of the 1892 epidemic in Hamburg, in which he showed
that the hardest hit parts of the city were those that had the oldest
water supply. Interestingly, his epidemiological evidence was less
elegant and clear-cut than John Snow’s, a generation earlier. But now
the world was ready for the discovery and, more to the point, ready
for all its implications. Over the previous 30 or 40 years there had
been a revolution in people’s attitude to public health, and it was
now widely accepted that health and disease were proper subjects
for legislation. Boards of Health had been created in most major cities
and the process of cleaning up the environment was already well
underway. (As Virchow had put it, “Medicine is a social science ...
Politics is nothing but medicine on a large scale.” Cicero had said
rather the same thing almost 2000 years earlier — “Salus populi su-
prema est lex” - although he probably meant that the prime consid-
eration of the law should be the welfare of the populace, rather than
their freedom from disease, which he would not have thought of as
a controllable variable.)

With the knowledge that cholera is caused by a bacterium, it became
much easier to police the laws about water supply and sewage dis-
posal and to enforce rules of quarantine during epidemics; for ex-
ample, in the great outbreak of 1892 six infected ships visited the port
of New York, but the local Board of Health was able to stop the disease
from entering the city. Henceforth, any population could in principle
be shown how to halt an epidemic of cholera by instituting a few
simple precautions. It is important to note here that although the
discovery of the bacterium Vibrio cholerae required some fairly high
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technology (good microscopes and all the other paraphernalia of bac-
teriologists), the end result was a solution to the problem that was
within the reach of even the humblest peasant. Incidentally, this
seems to have been true for many of the important biological discov-
eries; in biology, as in other fields of human endeavour, “knowledge
itself is power” (Francis Bacon).

The conquest of cholera is a particularly useful example because it
illustrates so clearly the interplay between epidemiology and labo-
ratory science — the kind of interplay, incidentally, that is becoming
characteristic of much of present-day cancer research. But the final
years of the nineteenth century were filled with other similar discov-
eries of enormous importance for the health of the human race. The
transmission of malaria and yellow fever by mosquitoes, the role of
symptomless carriers in the spread of diseases such as typhoid and
diphtheria, the discovery of the immune system - the list seems end-
less. It was obviously one of those moments when a fresh cast of
mind is sufficient to achieve a scientific revolution. For the full impact
of these discoveries upon the health of the world, we must, however,
look at the twentieth century.

The Twentieth Century

Once they had identified the most important bacterial causes of hu-
man disease, the early bacteriologists moved on to study the mech-
anisms underlying acquired immunity to those diseases. The history
of this period can be illustrated by considering the example of diph-
theria. This is a disease, usually of the upper respiratory tract, that is
dangerous because the bacterium Corynebacterium diphtheriae secretes
a very potent toxin. In 1890, workers in Koch’s laboratory showed
that the blood of guinea pigs who had survived infection contained
antibodies which would inactivate the toxin. Their discovery quickly
led to two important developments — the mass production of antitoxin
(in horses) for the treatment of human cases of diphtheria, and the
production of toxin (suitably modified to diminish its toxicity) for the
preventive immunization of human populations. This was the first
time science offered not only a specific treatment (passive immunity
against the bacterial toxin) but also a way of preventing an infectious
disease (active immunization). These procedures (plus the antibiotics
that came in the 1940s) are still, to this day, the weapons used to
control diphtheria, and so the history of diphtheria records what
amounted to a competition between those who treat and those who
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Figure 6. The change in the fatality of diphtheria in the state of Massachusetts (percent
of cases that were fatal) in relation to the production of diphtheria antitoxin (number
of doses distributed in Massachusetts each year).

seek to prevent. For our study of the history of diphtheria, any good
source of statistics will serve. For example, since the 18gos the state
of Massachusetts has kept a record of the number of cases of diph-
theria occurring each year, what proportion of the cases were fatal,
how much diphtheria antitoxin was distributed and later (when im-
munization became practicable), how much modified toxin was dis-
tributed. The statistics are shown in Figures 6 and 7. The first thing
we see (Fig. 6) is that the fatality of the disease had dropped steeply
in the 18gos (before antitoxin became available) and has remained
between 5% and 10% from then on. To judge from these overall
numbers, therefore, treatment with antitoxin seems to have been of
rather little avail (even with today’s antibiotics, the fatality of cases
is still about 10%). There does, however, seem to have been some
control over the incidence of diphtheria, because no major epidemics
occurred after about 1907 (Fig. 7). This was the year the state installed
Inspectors of Health whose job it was to see that every case of a
dangerous infectious disease was reported. Although these inspectors
had very limited powers, they would advise about quarantine and
could arrange for bacteriological tests to determine who were chronic
carriers of diphtheria, and it seems not unreasonable therefore to
assume that the drop in incidence of diphtheria was at least partly
due to their efforts. Finally, with the introduction of active immuni-
zation in the 1920s diphtheria ceased to be an important cause of
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Figure 7. The change in the incidence of diphtheria in Massachusetts (cases per 100,000
people per year) in relation to the production of diphtheria toxin for immunization
(number of doses distributed each year).

death. If therefore we look back over the history of this one disease,
we would have to say that it was largely conquered by prevention -
first as part of the general reduction in mortality from many diseases
that came at the end of the nineteenth century (perhaps because of
improvements in nutrition), and somewhat later as the result of direct
efforts to restrict the spread of the disease, and finally as the result
of a specific program of immunizaton. Advances in the treatment of
diphtheria, in particular the discovery of antibiotics, have had only a
minor effect on mortality.

When technical measures are introduced that involve interference
with specific mechanisms of disease, it is easy to accept their efficacy
and think of their discovery as having been a turning point in human
affairs. For this reason, the obvious impact of active immunization
upon the incidence of infections like diphtheria tends to blind us to
the effects of other less specific ways of controlling the spread of
infectious diseases. But we should remember that more than half of
the reduction in mortality from diphtheria had already been achieved
before the technological solution was available. Therefore we should
now look specifically at the history of some infectious disease for
which no technological solution was available.

The pre-eminent example is tuberculosis. As a cause of death this
was far more important than diphtheria; in Massachusetts, for ex-
ample, one in 1000 people died of diphtheria each year, but four times
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as many died of tuberculosis. No really effective treatment for tuber-
culosis became available until the 1950s, and immunization was never
adopted in the United States on a large scale. Yet the mortality went
steadily downwards during the nineteenth century. It is not clear
when this trend started; rates of 500 per 100,000 were not uncommon
at the beginning of the nineteenth century, and so the decline was
probably well underway by the time that the statistics were collected
that are shown in Figure 8. The change could hardly have been due
to any deliberate attempt at prevention, because the disease had been
thought to be hereditary. Although Villemin showed, in France in
1865, that tuberculosis was transmittable to rabbits, his experiments
seem not to have been believed, and it was only when Koch isolated
the bacterium, in 1882, that the contagiousness of tuberculosis became
widely known. By then the death rate had already dropped by a third
or more.

Tuberculosis is a relentless indicator of social conditions. We can
see this in the way the privations caused by World Wars I and 1I
temporarily raised the mortality of the civilian population; in each
war about 15,000 more people died from tuberculosis in Britain than
would have been expected from the rates in the years either side of
the two wars; and Vienna and Budapest, during World War I, again
achieved annual death rates of about 600 per 100,000. So we should
be looking for possible social explanations for the drop in mortality
in the nineteenth century. Various ideas have been proposed — for
example, an increase in resistance of the population (as the gradual
epidemic of tuberculosis, brought about by urbanization, gained mo-
mentum and then receded) (29), or an improvement in nutrition (due
to new crops and to advances in agriculture) (18), or an increase in
real wages (due to the Industrial Revolution) (14,30), or the efforts to
improve people’s living conditions (brought about by publication of
the very statistics we are discussing). Apart from the first strictly
biological explanation (which is largely supposition), these various
underlying changes are known to have taken place and each of them
was in some sense, directly or indirectly, a product of the philosoph-
ical and technological revolutions of the eighteenth and nineteenth
centuries.

If statistics on mortality are a fair index of the human condition, it
seems that the fortunes of the masses were steadily improving in the
second half of the nineteenth century, rather than going continuously
downbhill in the way Karl Marx predicted. (Engels first visited England
in1842 and, stimulated by what he saw in the factories of Manchester,



FOR REFERENCE PURPOSES ONLY

The History of Mortality 337

400

3504

3004

250

200

1504

100

Deaths from TB (per 100,000)

501

0 v r r r v T v T r T r T y
1840 1860 1880 1900 1920 1940 1960 1980
Year

Figure 8. The change in the number of deaths each year from tuberculosis in England
and Wales since 1853 (the death rates have been standardized to the age/sex distribution
of the population in 1950).

wrote his famous book, Die Lage der arbeitenden Klasse in England (The
condition of the working class in England), published in 1845. The
material for the book was derived, for the most part, from the many
official studies on the social conditions in England and Scotland that
had been published in the previous fifteen years. But neither he nor
Marx (who was strongly influenced by Engels’ book) seemed to have
realized that this sudden flood of reports was itself a sign that the
capitalist world was about to embark on a gradual social revolution.)

Looking at the smooth decline in mortality from tuberculosis shown
in Figure 8, it is tempting to say (as others have done) that the dis-
coveries of the 1880s and 1890s had absolutely no impact on events.
Yet when we read the annual reports of local authorities such as the
Boards of Health of Massachusetts and New York, it is hard to believe
that science was not making a contribution. Within one year of Koch’s
discovery of Mycobacterium tuberculosis, the Massachusetts Board had
started on its campaign to eradicate bovine tuberculosis, and New
York had made consumption a notifiable disease (though it was not
compulsorily notifiable until three years later). Interestingly, in some
cities the medical profession resisted the idea that tuberculosis was
contagious, because they felt that the principle of notifiability was an
infringement of the delicately lucrative relationship between physi-
cians and their patients; thus they complained that the New York
Board was “not only, by means of alarming bacteriological edicts,
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directly interfering with the physician in the diagnosis of the patient,
but in the end, by the creation of a public suspicion of his ignorance,
possibly depriving him of one of the means of legitimate livelihood.”

In many ways, the campaign against tuberculosis was like the pre-
sent drive against cancer. For it involved a nation-wide attempt to
achieve earlier diagnosis (by chest x-rays, and testing for hypersen-
sitivity to tuberculin) plus an expensive outlay for special hospitals
(sanatoria) where patients could undergo prolonged treatment. Even
in retrospect, the results are just as difficult to judge as the results of
the war against cancer. Part of the difficulty is that we can view any
medical advance or social reform in several different ways, depending
on where we ourselves stand with respect to the change. For the
average citizen, the drop in tuberculosis death rate from 350 to 250
per 100,000 in England between 1860 and 1885 conferred exactly the
same absolute benefit as the drop from 250 to 150 that occurred over
the next 25 years; each of them lowered the probability of dying in
any one year by exactly o.001. For those who have invented or im-
plemented a new way of curing or preventing some disease, part of
the measure of success should be the factor by which their discovery
has lowered incidence or mortality, rather than the absolute number
of people saved from sickness or death; thus rival claims for success
in the war against tuberculosis (or cancer or heart disease) might best
be judged by looking at changes in morbidity or mortality on a log-
arithmic scale. Last but not least, for those who know that they have
a potentially fatal disease, the important statistic is simply the current
fatality of their disease; this is a single point on a curve and so its
value is not coloured by choice of scales.

The modern period in the campaign against tuberculosis in the U.5.
started in 1930, when annual deaths were running at 70% of the rate
of diagnosis of new cases (i.e., about two-thirds of all patients were
eventually dying of their disease). This was the time when mass
screening by chest x-ray came increasingly into play, and that was
presumably why the recorded incidence of new cases now started to
go up, rather than steadily down. These extra cases were apparently
not contributing to mortality, because the death rate continued on its
gradual decline until some time in the late 1940s, at which point it
dropped away more steeply as antibiotics became available for the
treatment of tuberculosis. Before this time, however, the annual mor-
tality had already dropped from 400 to 30 per 100,000. Thus the in-
vention of an effective treatment did not arrive until more than 9o0%
of the mortality had already been avoided by other means.



FOR REFERENCE PURPOSES ONLY

The History of Mortality 339
22 ONew cases (per 100,00 per year) ®Deaths (per 100,000 per year)

2]
[}
3 1.8
o
2 1.8l
5
£ 1.4
& 2]
2
E 1
P4

.84

6

1925 1830 19l35 19'40 19I45 i 19'50 ) 19I55 ' 19'80 ) 1965
Year
Figure g. The relation between the rate of notification of new cases of tuberculosis
and the death rate from tuberculosis in the United States during the period when
treatment with antibiotics became available (streptomycin was first introduced in 1947
and isoniazid in 1952).

Although tuberculosis and cancer may seem at first sight to have
little in common, the sequence of events shown in Figure g may have
been a foretaste of what is now happening for certain cancers. In
North America the mortality from cervical cancer has been going
steadily downwards for 50 years (over much of this time at a rate,
like tuberculosis, of about 5% per year), whereas the apparent inci-
dence of pre-cancerous conditions of the cervix has gone up in the
last 20 years as more and more women are screened by cervical
smears; for much the same reason, the incidence of conditions that
are thought to be early stages in the development of breast cancer
gives the appearance of having increased, whereas the mortality from
breast cancer is staying level or may even have started downwards.
Actually, the similarity extends also to changes in age distribution.
As the mortality from tuberculosis went down and a generation came
along who had grown up in an environment that was essentially free
of tubercle bacilli, the disease changed from being mainly a disease
of adolescents to being commonest in old age (i.e., among those who
dated back to the previous era). This same change is now being seen
in the overall mortality from non-respiratory cancers (we have to put
to one side all respiratory cancers because these depend chiefly on
the energy and effectiveness of the cigarette companies). For the non-
respiratory cancers, mortality has stayed approximately constant for
the oldest age groups, but it is going down significantly in middle
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Figure 10. The recent change in life expectancy in Sweden, France, Sri Lanka, and
India.

age and quite rapidly for people under 40. This analogy is very en-
couraging; perhaps the steady improvement in living conditions, diet,
and environment that has occurred in the industrialized nations of
the world during the past 200 years has not only protected us from
the more lethal infectious diseases but will eventually extend to pro-
tecting us from many forms of cancer.

The revolution in mortality that started among the wealthiest in-
habitants of the wealthiest countries some 250 years ago (Fig. 3), has
not been confined to industrialized nations. To see what has hap-
pened on a world-wide level, we should look at both the highly
developed and the less developed nations. Sweden was the first coun-
try to collect proper statistics and, perhaps for this reason, it was
some ten years ahead of the other European countries in raising life
expectancy. But now the process has spread throughout the world
and the pace has accelerated. Sri Lanka and India, for example, have
achieved more in one generation than Sweden achieved in 100 years
(Figure 10).

The Future

The history of human disease has to be based almost entirely on what
we know about the changes in mortality and life expectancy: illness
and suffering do not lend themselves to hard statistics, whereas births
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and deaths can be counted. To learn about the way diseases have
been conquered in the past we have, therefore, to look at mortality.
From this study we see that the major lethal diseases were conquered
not so much by discovering how to treat them as by prevention. For
example, although we rightly admire the discoverers of the antibiotics,
we should not forget that pencillin was discovered at about the time
that life expectancy in Western nations had already reached the bib-
ical limit of three score years and ten.

The attack on mortality began at the start of the nineteenth century,
at a time of revolution and reform, and greatly accelerated when the
causes of many diseases were discovered at the end of the century.
Even in the twentieth century, the greatest improvements are still
being achieved by prevention rather than treatment. Part of our dif-
ficulty in accepting this conclusion lies in our attitudes and beliefs
about the practice of medicine. We tend to think that the typical
patient is someone whose life is being saved, whereas this is actually
the exception rather than the rule; most patients, even those in hos-
pitals, are receiving what might be called minor repairs. Most treat-
ments are concerned with curtailing illness rather than holding back
death, and that is perhaps why the force of mortality in the developed
nations of the world bears no strong relation to the number of doctors
in each country or their salaries (indeed, infant mortality actually
tends to go up rather than down as the density of doctors increases
(31,32)). The great achievement is that the streets of most great cities
are no longer filled with the maimed and the halt and the blind. We
now consider it our right to live into old age, free from the misery of
chronic illness.

In this discussion of mortality I have left out one of the most im-
portant sources of premature death, namely war. But it seems proper,
in the twentieth century, to discuss war as if it were just another
problem in public health. For this purpose, we can take the statistics
for almost any European country. Figure 11 compares (a) the calcu-
lated survival of the children born in France in 1895, assuming that
no further improvements in life expectancy occurred after that year,
and (b) the actual survival of these children (33). We see that life
expectancy has been increasing, because the female children have
lived much longer than expected. The males, however, have survived
much less well than expected, because one-third of them were killed
in World War I. For this group of males, all the advances in medicine
and public health of the twentieth century were not sufficient to
compensate them for the losses they suffered in the war.
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Figure 11. The actual survival of the cohort of (a) female and (b) male infants born in
France at the very end of the nineteenth century, compared with the expected survival
that might have been predicted for them, knowing the age-specific mortality rates
obtaining in France at the time of their birth.

Early in the history of public health, in the 1860s, the newly formed
New York Board of Health wrote the following words in its second
annual report: “The health department of a great commercial district
which encounters no obstacles and meets with no opposition, may
safely be declared unworthy of public confidence; for no sanitary
measures, however simple, can be enforced without compelling in-
dividuals to yield something to the general welfare” (34).

These words were written about the politics of health, but surely
apply just as well to the politics of peace.
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guidelines, 287-290
Diphtheria, 333-335
Drugs, cholesterol lower-
ing, 76-81

Elderly, nutritional as-
sessment, 157-167. See
also Aging

Endocrine factors affect-
ing osteoporosis, 191—
192

Energy. See Calories

Index

Exercise: and osteopo-
rosis, 192; as therapy for
diabetes, 115-116

Familjal hypercholestero-
lemia, 25-26, 38, 52-53

Fat, dietary: and cancer,
145-148, 244-247, 250~
253; effects on plasma
lipids and lipoproteins,
40-46; reduction, 86-87;
reduction by hyperten-
sives, 95; saturated, in-
dex, 53-56; sources of,
57; and thrombosis, 46—

Fat-modified menus, 271-
279

Fatty acids: medium-
chain, 41; monounsatu-
rated, 42—43; polyunsa-
turated omega-3, 43—47,
115; polyunsaturated
omega-6, 43—47; satu-
rated, 41-42, 46

Fibre, dietary, 49; delete-
rious effects of, 110; ef-
fects on cancer, 245-247;
in diabetes, 107-109

Fibre modified menus,
271-279

Fish Oil, 44—45

Food policy: in Britain, 4-
10; in Europe, 10-15

Food industry, and die-
tary guidelines, 284286

Fructose, in diabetic diet,
113-114

Genetic disorders of
plasma lipoproteins, 25—
27

Glucose, blood, 107-108

Glycaemic index, 111-112

Health: education pro-
grams, 148-149; mainte-
nance, 141-152

Heart disease, 143-145.
See also Cardiovascular
disease

Hypercholesterolemia,
familial, 25-26, 38, 52-53

Hypertension, 87, 93-101,
235, 237, 286; dietary
recommendations, 100-
101

Industrial revolution,
324-326

Insulin, 93, 95, 103-104,
125-126

Intervention trials, 27-28.
See also Prevention trials

Intestinal malabsorption,
related to alcohol, 179-
180 )

Iron, status of elderly,
161-164

Joint Advisory Committee
on Nutrition Education
(JACNE) 9

Keto acid therapy of ure-
mia, 132-134
Kidney disease, 130-136

LDL receptors, 23—27
Lecithin, 52

Life expectancy, 321, 340;
measurement of, 310-314

Life tables, 310-315, 317,
324, 325

Lipid metabolic path-
ways, 76-77

Lipids, plasma, effects of
dietary fats on, 40-46

Lipoprotein lipase, 22-23,
122-123

Lipoproteins, 20-30, 33,
75-77; effects of dietary
cholesterol on, 36—40;
effects of dietary fat on,
40-46; genetic disorders
of, 25-27; high density,
20-21; low density, 20—
28; very low density, 21—
28

Meal pattern, effects on
obesity, 121-122
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Menu modification, 271~
279

Minerals, 52

Mortality: history of, 309-
342; stomach cancer,
230-233, 238-241;
stroke, 230-233, 238-240

Mutagens, formed during
cooking, 207-221

National Advisory Com-
mittee on Nutrition Edu-
cation (NACNE) 6-8

Nutrient goals, European,
14

Nutrition, in the elderly,
158--168

Nutrition educators, and
dietary guidelines, 292~
297

Nutritionists, public
health, and dietary
guidelines, 287-290

Obesity, 121-127
Osteoporosis, 188~201;
factors affecting, 191~192

P/S value, 46

Paleolithic man, diet of,
97, 141

Phosphate, dietary, and
osteoporosis, 199~200

Index

Physicians, role in nutri-
tion, diet, and health,
298-302

Potassium, and hyperten-
sion, g7

Preadipocytes, 123-124

Protein, dietary: and car-
diovascular disease, 49~
50; and diabetes, 114—
115; and kidney disease,
131-132; and osteopo-
rosis, 199-200; in the
elderly, 160

Public health and mortal-
ity, 307-342

Public health policy, 260-
262

Renal: function, 114; in-
sufficiency, 134-136. See
also Kidney disease

Salt, 229-241

Seventh-Day Adventists,
142, 245-246

Sodium, and hyperten-
sion, g5-g96, 286

Stomach cancer, 229-241;
etiology of, 237; risk fac-
tors for, 234

Stroke, 229-241; risk fac-
tors for, 234

Sucrose, 48-49

347

Sweetners, in diabetic
diet, 112-114

Tarahumara Indians, 142—
143

Thermogenesis, diet-
induced, 125-126

Thrombosis, and dietary
fat, 46—47

Thyroid hormone, 125

Triglycerides, 21, 126;
medium-chain, 41

Tuberculosis, 335-339

Tumours, 250-251. See
also Cancer

Uremia, keto acid ther-
apy, 132-134

Vitamin D, and osteopo-
TOSiS, 197-199

Vitamin E, as antioxident,
165

Vitamins, 52; effects of al-
cohol in, 180~183; in the
elderly, 164-167

Watanabe rabbits, 25-26
World Health Organiza-
tion (WHO), 11-12
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