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Preface

What This Book is About

It is estimated that 40% of people in the UK take nutritional supplements. This
statistic has risen dramatically in recent years and is predicted to increase
further over the next five years. Across the whole of Western Europe the market
for these products is also growing. Consumers have been encouraged to take
more responsibility for their own health and this has resulted in the use in self
medication facilated by changes in the regulations controlling the sale and dis-
tribution of medicines. The purpose of this book is to examine the phenomenon
of self-medication with nutritional supplements from both a biological and a
psychological perspective. The book begins by discussing the range of supple-
ments and their markets. There is also a consideration of why health pro-
fessionals need to know about the efficacy or otherwise of food and nutritional
supplements, and how the need for particular nutrients varies throughout the
life span. Chapters on vitamin Bg, folic acid, phyto-oestrogens and pre- and
probiotics examine the scientific basis for supplementation and evidence for
efficacy in health and disease states. The topics were selected to illustrate con-
troversial issues surrounding diet and the use of supplementation in health and
disease. Effective healing and prevention of ill health does not only depend
on the biological action of a product but on how much faith the consumer in-
vests. This book also examines how confidence in a particular supplement can
regulate the psychobiological mechanisms responsible for maintaining healthy
responses to life situations and discusses the moral dilemma posed by selling
psychological regulators in the guise of biologically active substances. This book
will be of particular interest to pharmacists, dietitians, nutritionists, nurses,
psychologists and workers in the food and drug industries and anybody who is
concerned about food and health.

Introduction

As nutritionists we embrace the idea that to eat well is to live well. Eating well is
a good starting point for a life that is not only physically healthy but also socially
and psychologically balanced. From this perspective the ever increasing con-
sumption of food and nutritional supplements over the last decade is an alarm-
ing phenomenon that tells us how insecure people feel about their health and
well being. Pharmacies, drug stores, health food shops and supermarkets all
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stock a vast array of preparations which include vitamins, minerals, oils derived
from flowers and fish, tonics and herbal products. These preparations are also
readily available by mail order and purchase over the Internet.

Why is it that so many people feel the need to take these products? What
guidance are they given about taking them? Are they safe? Do they make any
measurable difference to how people feel? Are they effective in preventing
serious disease? Is there really a good case for taking supplements or will a
healthy diet provide all that is required to optimise health and prevent disease?

Most people obtain information about nutritional supplements from articles
in popular magazines and newspapers but it is health professionals such as
family doctors, practice nurses and pharmacists who field their more searching
questions on the efficacy and safety of these preparations in the prevention and
treatment of disease. Family doctors, nurses and pharmacists are all well quali-
fied health professionals but they are hard pressed to keep abreast of the new
research on the complex role nutrients play in the aetiology, prevention and
treatment of human disease. Pharmacists are in a particularly important posi-
tion in this regard since, like the apothecaries of old, they have a dual role in
giving advice to patients and selling food and nutritional supplements. Phar-
macies remain the most popular retail outlet from which supplements are sold.
Market research has shown time and time again that it is the presence of a phar-
macist that gives added value to pharmaceutical products and encourages the
consumer to trust and buy the products on the shelves of the pharmacy. Family
doctors also need to have an informed dialogue with their patients, many of
whom possess firm convictions about taking supplements for specific condi-
tions such as rheumatoid arthritis, premenstrual tension or for nebulous, less
well defined states such as feeling tired and run down.

As the popularity of these products is rising exponentially and conflicting
reports on their use continue to hit the headlines, all health professionals are
called upon increasingly to provide a well balanced opinion on their efficacy and
safety. Health professionals need to be as well informed as they can on such mat-
ters. This is the reason for writing this book. The experts who have contributed
chapters are actively engaged in research into the science underpinning the
complex role nutrients have in the human body and each chapter addresses a
key theme of relevance to evaluating the role food and nutritional supplements
play in human health.

The book is organised into three main sections. The first section sets the
scene and outlines the phenomenal growth in the market for food and nutritio-
nal supplements over recent years. It also explains why the body’s need for
nutrients varies over the lifecycle and during the course of an illness or during
trauma. A chapter argues the case for extending the knowledge base of health
professionals in the field of nutrition. Another chapter explains why patients
may feel the need to self medicate with supplements which may have little bio-
logical effect but fulfil a patients need to believe in a substance which can relieve
their suffering. In short, this chapter examines the role of good and nutritional
supplements as placebos. The second part of the book examines the science be-
hind the role key nutrients and components in food can play in the aetiology,
prevention and treatment of disease. Vitamin By folic acid, antioxidants, phyto-
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estrogens, pre and probiotics are all considered in detail here. The final section,
evaluates by way of example, two common disease states for which nutrients and
components in food can play a role in prevention and treatment- these are, coro-
nary heart disease and rheumatoid arthritis. These two conditions lie high on
the agenda of patient worries and concerns about their health.

Each of the contributors has provided a comprehensive yet concise coverage
of the latest developments in our understanding of aspects of nutrition in rela-
tion to food and nutritional supplements. We have aimed to give the reader in-
sights into the phenomenon of self medication with dietary supplements and
why consumers are willing to invest so much time, money and belief in the effi-
cacy of this over the counter healthcare sector. We hope this book will provide
facts and remove some of the mystique about supplements and provide the
reader with an informed view from which to base judgements when making de-
cisions about healthy eating and the use of dietary supplements.

August 2000 Joan K. Ransley, Judith K. Donnelly, Nicholas W. Read
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1 The Rise and Rise of Food and Nutritional
Supplements - an Overview of the Market

Joan K. Ransley

1.1
Introduction

Consumers in the UK spend between £340 and £360 million each year on vita-
mins, minerals and dietary supplements and they form one of the largest over
the counter [OTC] healthcare sectors in the UK [1] This compares with the £550
million annual UK spend on organic foods and £11.74 billion spend on fruit and
vegetables [2, 3]. Across Western Europe, the market for on vitamins, minerals
and dietary supplements is growing and it increased in value by 12% between
1994 and 1998 [4]. The market for these products is highly fragmented and con-
tains an extensive list of goods, ranging from single and multivitamin prepar-
ations to tonics, which contain mixtures of herbal preparations and micro-
nutrients.

The purpose of this chapter is to provide an overview of this lucrative market,
including an analysis of the core products, major financial players, consumer
profiles and driving forces behind the growth of this market across Europe.

1.2
The Products

The market for vitamins, minerals and dietary supplements can be thought of as
comprising three main sectors. Firstly, single and multivitamin preparations
which may be presented as tablets, capsules, powders and liquids. Secondly,
dietary supplements, which include minerals, fish oils, evening primrose oil,
garlic, ginseng etc, in either tablet or capsule form, and finally tonics, which are
presented in either tablet or liquid form and which tend to be a combination of
herbal mixtures, supplemented with micronutrients. In addition to these three
categories, functional foods have appeared as a new and vibrant sector.

Table 1 shows the most popular sector of the vitamin and supplement cate-
gory is cod liver oil followed by multivitamin, and mineral products. Within
these sectors, products are further stratified and branded to appeal to the needs,
values and beliefs of different consumers. In recent years there has been a notable
development of nutritional supplements formulated for stages and conditions
related to the life cycle. The formulation of these product ranges is usually linked
to the specific nutritional requirement of natural states associated with stages in
the life cycle e.g. rapid growth during adolescence and pregnancy. In addition,
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
© Springer-Verlag Berlin Heidelberg 2001



2 1 The Rise and Rise of Food and Nutritional Supplements

Table 1. Sales of vitamins minerals and dietary supplements in the UK

Sales in 1998 £ million % share of the market
Cod liver oil [CLO] and other fish oils 94 28
Multivitamins 75 22
Single vitamins 54 16
Evening primrose oil 37 11
Minerals 24 7
Garlic 17 5
Ginseng 10 3
Tonics 6 2
Others 21 6
Total 340 100

Source: Mintel Marketing Intelligence.

there are formulations associated with the symptoms associated with men-
struation, the menopause and pregnancy. e.g. breast pain, hot flushes and
morning sickness. Themed supplements are also beginning to appear. A range
of Mediterranean diet supplements were launched recently and contained com-
pounds frequently found in the diet of populations inhabiting the southern
Mediterranean countries. The range included extracts of red wine (flavonoids),
chicory inulin (oligosacharides), ‘heart health’ tablets (Omega-3 fatty acids), and
tomato lycopene (flavonoids). Each of these food components has been associ-
ated with physiological processes involved in reducing risk factors for coronary
heart disease, cancer or gastrointestinal complaints.

Formulations designed for people with particular lifestyles are appearing in
major retail outlets for nebulous states such as ‘hectic lifestyles’ as well as better
defined dietary regimens such as vegetarianism and slimming. Supplements for
cosmetic effects like nourishing skin and enhancing eye health are also readily
available, and illustrate the niche approach to marketing these products.

1.3
What are People Taking?

1.3.1
Cod Liver 0il

Cod liver oil (CLO) is classed as a supplement and it constitutes the largest seg-
ment of the market, with a 26% share. Recently CLO has been combined with
other ingredients, such as vitamins to enhance its nutritional profile. Patients
often take fish oil supplements for inflammatory conditions such as rheumatoid
arthritis. This group of supplements share many of the features of a conven-
tional medical treatment where the biochemical mechanisms involved in the
aetiology of disease are modulated by active compounds contained within the
food supplement and supported by randomised controlled trials [5]. Cod liver
oil is a rich source of omega-3 (also known as n-3) fatty acids, which as Philip
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Calder explains in Chapter 12 gives rise to a group of metabolically active in-
gredients known as eicosanoids. These play a key role in damping down the
inflammatory response, which is activated in conditions such as rheumatoid
arthritis.

1.3.2
Multivitamins

Multivitamin preparations are combinations of either vitamins, or vitamins and
minerals. These products are designed to take the guesswork out of selecting a
supplement and accounted for 22% of the UK sales of vitamin, mineral and
dietary supplements in 1998 (Table 1). Multivitamins are usually formulated to
provide 100% of the Reference Nutrient Intake for key micronutrients [6]. Mul-
tivitamin preparations are often taken by people who want to use a supplement
as an insurance against ill health, but who cannot readily distinguish between
different micronutrients and their biochemical function in the body.

1.3.3
Single Vitamins

Sales of single vitamins account for 16 % of the market share. They have in re-
cent years been the focus of intense media interest and bad press due to a num-
ber of scares associated with their use. This has affected sales in some sectors.
Bad press, in the UK, included the recent spat between the House of Commons
Agriculture Select Committee and the government’s Food Advisory Committee
about the safety and use of vitamin Bs which gave rise to a great deal of adverse
publicity concerning the efficacy of this vitamin and the limits of its role as a
medicine or therapeutic agent [7]. Scares have included the findings from the
randomised trial of a-tocopherol and f-carotene supplements and their effect
on increasing the incidence of major coronary events in patients with previous
myocardial infarction [8] and recent adverse publicity of the effects of taking
mega doses of vitamin C on arterial wall growth [9]. The adverse publicity
surrounding these vitamin supplements may explain the reduced enthusiasm
some consumers have for taking doses of single vitamins to ward off colds, coro-
nary heart disease and cancer.

The Health Education folic acid awareness campaign, which ran between
autumn 1995 and spring 1998, has increased awareness of the need for pericon-
ceptional supplementation with this vitamin. Almost 50% of women of child-
bearing age are now aware of the benefits of taking folic acid to prevent neural
tube abnormalities compared with the figure of 9% in 1995 [10].

134
Evening Primrose Oil

Evening primrose oil is extracted from the seeds of the plant Oenothera biennis
and contains linoleic acid, y-linolenic acid and vitamin E. y-linolenic acid is a
precursor of prostaglandin E and several other biologically active substances. It
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is the component of evening primrose oil that has been held largely accountable
for its putative therapeutic effects [11]. Evening primrose oil has been tested in
controlled clinical trials for the following conditions: atopic dermatitis, theuma-
toid arthritis, diabetic neuropathy, multiple sclerosis, Raynaud’s phenomenon,
ulcerative colitis, pre-eclampsia, the premenstrual syndrome, schizophrenia,
and hyperactivity with mixed results [11]. Evening primrose oil accounts for
11% of the market share (Table 1).

1.3.5
Minerals

Consumer interest in the UK in minerals such as calcium, iron, zinc and magne-
sium has increased by approximately 243% between 1994 and 1998. Market
research has shown this interest has stemmed from an increased awareness of
the role of calcium in the aetiology of osteoporosis.

1.3.6
Garlic Products

Garlic products have long been associated with reducing risk factors for cardio-
vascular disease. Essential oils contained within garlic have been shown to re-
duce platelet aggregation and to lower plasma triacylglycerol and cholesterol
concentrations [12]. The active components are thought to be ajoene formed
from alline (the substance that gives garlic its characteristic smell) and an en-
zyme allinase, which is produced when garlic is crushed. The composition of
garlic capsules does not always contain these components particularly if they
are derived from steam distillates [12]. Sales of garlic supplements are in decline,
mainly because the younger age group consumes garlic as a part of their regular
diet. It has been estimated that 3-5 g of crushed fresh garlic per day should have
clinically significant effects [12]. As Table 1 shows garlic products account for
only 5% of sales.

1.3.7
Functional Foods

Functional foods have evolved as a category in their own right and are not
always considered as a food supplement. Definitions of functional foods vary,
but they are usually familiar foods and drinks, to which a functional component
is added. The functional component has a specific physiological role in the body,
which has the potential to confer a health benefit [2]. Functional foods are an
important entry into this field because they have been identified as a potential
competitor to the sections of the supplement market as well as the fast growing
organic food market. This emerging sector was expected to grow more than
£300 million in the UK by the end of the year 2000 [2]. Functional foods were
first developed in Japan in the mid-1980s where a demographic shift towards an
older population concerned with preventing chronic disease occurred. They
capitalise on consumer and media interest in new hypotheses relating to com-
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ponents in foods, which effect biochemical processes in the body and may have
subtle effects on the aetiology of disease. They are also popular because they
often confirm aspects of existing eating habits are beneficial to health, e.g.
flavonoids in red wine have a role in protecting against coronary heart disease.

The main sectors in this market are yoghurts, breakfast cereals, margarine,
low fat spreads, bread, eggs and juice drinks. The additional of functional ingre-
dients is diverse and includes:

* bread fortified with folic acid, plant oestrogens, evening primrose oil and cal-
cium,

¢ eggsdescribed as “super healthy” because they are rich in omega-3 fatty acids,
folic acid, iron and calcium,

« juices enriched with ‘tiger root’, ginseng, hemp, echinacea, lactobacillus and
other macro and micronutrients,

e yoghurts containing plant sterols and stanols, acidophilus, bifidus and ther-
mophilus cultures,

o breakfast cereals containing folic acid and other nutrients.

Growth in the functional food market is expected to continue with line exten-
sions, brand developments and new functional ingredients [2].

14
Growth Across Western Europe

Across the following five European countries, UK, Italy, Germany, Spain and
France there has been an increased growth in sales of micronutrients (vitamins
and minerals) and dietary supplements, between 1994-1998. This has ranged
from 1.4% growth in Germany to 61 % in Italy. Over the same period, growth in
the UK market alone has been 55%. If this market is split into just two core
categories-vitamins (including multivitamins) and dietary supplements (includ-
ing mineral supplements, fish oils, tonics and others), vitamins are more popu-
lar in Italy and the UK however in France, Germany and Spain the opposite is
true. In France, dietary supplements account for two thirds of the sales, probably
because the French are enthusiastic purchasers of tonics, nutritive drinks and
herbal products. This coupled with the relaxation of sales of vitamins in France
has meant the price has been driven down and vitamins are now more available
in cheaper mass-market outlets and consequently account for a smaller market
share.

In Spain, calcium supplements lead the dietary supplement sector although
due to the recent promotion of milk as the best source of dietary calcium, sales
have suffered. In Germany ‘other’ dietary supplements, tonics and nutritive
drinks lead this sector with cure-alls known as Melissengeiste leading the field.

In Italy the market for dietary supplements is underdeveloped and consumers
are showing evidence of experimentation with a range of products which have
become more available and perceived to be suitable for a variety of needs. Sales
of multivitamins and vitamin E have been particularly strong. In the UK market
growth has been attributed to growing consumer sophistication in the require-
ments for single vitamins and the launch of specialised multivitamin ranges.
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According to market research carried out by Mintel, UK consumers perceive
vitamins as a ‘boost’ to the system whereas dietary supplements are viewed
more as remedies for dietary deficiencies [1]. Reference is made later in this
chapter to whether this consumer perception of dietary deficiencies is indeed
justified.

1.5
Who Manufactures Vitamin, Mineral and Dietary Supplements?

Multinational companies such as Roche, Merck, Novartis, American Home Prod-
ucts and SmithKline Beecham share the manufacture of vitamins and dietary
supplements supplied across Europe (Table 2). There are a number of niche
sectors in the market, which allow the entry of small, specialist manufacturers
who can focus on supplying specialist products to different retail sectors, for
example, pharmacy, health food stores, and grocery distribution [4].

1.6
Retail Distribution of Vitamins, Minerals and Dietary Supplements

Current legislation across Europe permits the sale of vitamins, minerals and
dietary supplements in grocery outlets such as supermarkets, health food shops,
drug stores and pharmacies. In France, Spain, Italy and the UK the bulk of sales
are through pharmacies. Table 3 indicates in the UK, the proportion of sales

Table 2. Value manufacturer shares of vitamins and dietary supplements by country 1999

% value

France Germany Italy Spain UK
Roche Group 7.7 - 14.6 12.2 18.1
American Home Products - 2.7 10.2 43 2.7
Novartis 2.1 6.9 11.1 4.2 -
Arkopharma 17.0 - - - -
Juve Santé 10.6 - - - -
Boehringer Ingelheim - 4.3 - 8.2
Taisho Pharmaceutical - - - - -
Otsuka Pharmaceutical - - - - -
SmithKline Beecham 2.7 17.6 - - -
MCM Klosterfrau - 13.6 - - -
Amway - - - - -
Merck - - - 2.1 20.2
Rexall Sundown - - - - -
General Nutrition - - - - -
Twinlap Corp - - - - -
Private label 0.4 1.1 - - 38.6
Others 59.5 53.7 64.1 69.0 20.4
Total 100.0 100.0 100.0 100.0 100.0

Source: Euromonitor Market Direction (Vitamins and Dietary Supplements - July 2000).



1.7 What is Driving the Growth in this Market? 7

Table 3. UK sales of vitamins and dietary supplements by
retail outlet 1998

£ million % share of sales

Boots 102 30
Other pharmacy chains 34 10
Grocery multiples 88 26
Health food shops 55 16
Drug stores 44 13
Others 17 5
Total 340 100

Source: Mintel Marketing Intelligence.

through pharmacies has been maintained due to the prominence of Boots The
Chemist, which accounts for approximately 30% of sales in 1998 [1, 4].

In the UK Boots has increased its share of sales by 22 % since 1994. Boots have
excellent market penetration because it has a large number of stores and a high
percentage of own label products at a competitive price. However there is fierce
competition in the area by grocery multiples and drug stores. Grocery multiples,
which include supermarkets, have experienced an increase of 57% and drug
stores have experienced an increase of 47% in the same period. Chemist shops
are able to capitalise on the trusted presence of a pharmacist able to give pro-
fessional advice on medical aspects of product selection. Vitamin and mineral
supplements are often displayed close to the pharmacy counter which makes
this possible. This serves to endorse products on sale in chemist shops and adds
value to the purchase.

1.7
What is Driving the Growth in this Market?

There are four key driving forces behind the growth of this market. The firstis a
loss of consumer confidence in the ability of the modern diet to provide all the
nutrients required to maintain health and to enjoy life. Consumers perceive food
as highly processed and unable to deliver the correct balance of nutrients in the
appropriate amounts required to meet the heavy demands of life in the 21* cen-
tury. Nutritional supplements offer a short cut to being healthy and getting back
on track to a healthy diet at a time when eating regular balanced meals is in de-
cline. They have a powerful symbolic significance and even if supplement has no
measurable biological effect in the body, the influence they have on how a per-
son may feel is all important. This is born out by research which shows that many
consumers are only occasional users of supplements and take them during times
of stress, following weight reducing regimens and when the spirits are low. The
second driving force in the market is the ageing population who have concerns
relating to preventing arthritis, cancer, coronary heart disease and osteoporosis
[1]. In this group, supplements are taken as a way of preventing or treating age
related symptoms and illnesses. As the European population ages the demand
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for supplements is forecast to develop to meet their needs. The third driving
force is a growing trend towards self-medication, which has been developing in
the UK and other European countries over recent years as a response to changes
in healthcare provision. Consumers are more interested than ever in buying
medicines, without the inconvenience, concerns about disclosure and expense of
seeing a doctor [13]. Finally, an overall increase in health awareness and disease
prevention among consumers has led to a greater interest in food and nutri-
tional supplements.

1.71
Age and Lifestyle Trends Spin the Market

The target group index (TGI) annual survey of 25,000 adults showed that 40.9%
of consumers were users of vitamin and other supplements.

By far the greatest users of food and nutritional supplements are the older age
groups - 55 years and above when age related ailments come to the fore (Table 4).
Men lag behind women in their use of vitamin supplements and the profile of
the regular user tends to be female and aged 45 years and above. Of the 15,000

Table 4. Use of vitamins and other supplements by sex and age

% sample who % heavy % medium % light % non
use vitamins users users users users
and supplements

All 40.9 31.4 2.9 6.6 59.1
Men 35.3 25.5 3.1 6.6 64.7
Women 46.2 37 2.6 6.6 53.8
15-24 yrs 33.4 21.3 3.4 8.6 66.6
25-34yrs 36.5 244 3.3 8.7 63.5
35-44 yrs 36.9 26.2 3.7 7 63.1
45-54 yrs 44.7 37.9 2.7 5.1 55.3
55-64 yrs 46.7 39 2.3 5.4 53.3
>65yrs 47.9 414 1.7 4.8 52.1

Taken from TGI annual survey sample of 25,560 adults. Source: TGI, BMRB 1998/Mintel.

Table 5. Socio-economic profile of users of vitamins and other
supplements

Socio-economic group

AB 47
C1 44
C2 38
D 36
E 35

Taken from TGI annual survey sample of 25,560 adults.
Source: TGI, BMRB 1998/Mintel.
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women participating in the UK Women’s Cohort Study 60% reported taking
dietary supplements, which were three to four times higher than the figure re-
ported by Gregory et al.[14,15]. There is also an association between use and in-
come, with higher socio-economic groups being the main users (Table 5). Fur-
ther data from the UK Women’s Cohort Study has shown that the mean annual
expenditure per person was £88, although the range was wide spanning from £5
to £360. In addition those from higher socio-economic groups spent more on
supplements than those from lower socio-economic groups [16].

1.7.2
The Trend Towards Self-Medication

1.7.2.1
Concerns About Iliness Drive Demand

Concerns about health are certainly a major reason why people choose to buy
supplements. According to recent research conducted by the British Market
Research Bureau for Mintel, the major health concerns for UK adults were
arthritis (22%) and cancer (21%) followed by risk factors for cardiovascular
disease such as high blood pressure (19 %), high cholesterol levels (18 %). 13 % of
women were concerned about osteoporosis, which matched the 13 % of men con-
cerned about prostate cancer [2]. Anxiety about these conditions rises with age
with 42% of over 64 year olds expressing worries about arthritis. Interestingly
arthritis is of particular concern to lower socio-economics groups [2]. Worries
about high blood pressure increase with age and are particularly prevalent in
higher socio-economic groups who are also concerned about obesity and choles-
terol levels. While blood pressure concern is associated with ageing, high choles-
terol levels concerns all age groups over 24 years and higher rather than lower
socio-economic groups. This concern is probably well founded given that serum
cholesterol levels of the average older adult in Western countries is high (6.0 -
6.5 mmol/1) [17]. Concerns and anxieties about health among these demographic
sub groups makes them an ideal target for functional foods such as margarines
containing plant sterols and stanols such as Benecol and Flora Pro-activ, which
are flagship functional products. Plant sterols and stanols reduce the absorption
of cholesterol from the gut and lower serum cholesterol [18]. Sterols are an es-
sential component of cell membranes and both animals and plants produce
them. The sterol ring is common to all sterols and the difference is in the side
chain. Cholesterol is exclusively an animal sterol and there are over 40 plant
sterols (phytosterols) which have been identified. Stanols are less abundant in
nature but they can be manufactured by hydrogenating sterols. There is good
evidence to show that including 2 g of plant sterol or stanol in an average daily
portion of margarine reduces serum levels of low density lipoprotein by enough
to cause a 25% reduction in the risk of heart disease. It would however add an
extra £70 per year to a person’s food bill as each 250 g tub costs about £2.50 com-
pared to 60p for a typical polyunsaturated margarine [18]. Needless to say there
is a ready market for these products with the relatively affluent, ageing popula-
tion who have concerns relating to cardiovascular disease.
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Two emerging health trends have been identified recently and could influence
new product development especially in the functional food market. The first re-
lates to making the immune system function more efficiently by taking herbs
such as echinacea and secondly alleviating the symptoms of mild to moderate
depression using Hypericum perforatum (St John’s wort).

Interest in the medicinal use of these herbs has grown both among con-
sumers and doctors [19-21]. Health professionals and consumers are in-
creasingly concerned about the health effects of stressful lifestyles and as a re-
sult of this products which ‘calm’ anxious states and aid sleep are growth areas
[1,22].

1.7.2.2
Changes in the Pharmacy

In addition over recent years an increasing number of medicines have moved
from prescription - only medicines (POM), to pharmacy medicines (P) which
can be bought under the supervision of a pharmacist. Also some P listed me-
dicines have been designated to the General Sales List (GSL) where they can be
purchased freely from a number of retail outlets such as supermarkets. The
result in this overhaul of the classification of medicines is that patients and con-
sumers are able to self prescribe therapies which were once only available from
a GP. This increase in self-medication has increased consumer confidence and
willingness to purchase food and nutritional supplements for common ailments
e.g. mega doses of vitamin C for the common cold.

The soaring price of prescription medicines and increasing difficulties acces-
sing national health service care, have lead to patients becoming more willing to
take a greater degree of personal responsibility for their treatment and health-
care. In addition general practitioners recognise the need for responsible self-
medication in treating common conditions. This has lead to an increase in self-
medication in treating minor conditions. Whilst vitamin supplements are not
medicines they have benefited from the overall growth of the ‘over the counter’
(OTC) healthcare market [13].

1.7.2.3
Changes in Primary Health Care

Recent changes in primary health care have resulted in an across the board in-
crease in self-medication. These changes have lead to an alteration in the role of
the pharmacist who the government has given greater powers to deal with the
type of minor illnesses that clog up doctors’ surgeries. Despite this there is some
evidence that family doctors are advising the use of vitamins and also supple-
ments for patients who are older, to treat age related conditions and for pre-
family patients [1].
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1.8
Do Supplement Users Need to Take Supplements?

It is widely reported that the nutritional intakes of users of food supplements
meets current nutritional guidelines specified by the Department of Health [6,
14, 23]. Comparing the dietary intake (minus supplements) of a group of sup-
plement users and non users, Kirk showed that supplement users had higher in-
takes of all nutrients except for fat and vitamin B, Vegetarians, those who ate a
lot of fruit and vegetables, those who drank little alcohol and who exercised re-
gularly were all more likely to take supplements [14]. The lifestyle and nutrient
intake of supplement users support the ‘inverse supplement hypothesis’ which
states that those who do not actually need supplements are more likely to take
them [24]. Data from the Women’s Cohort Study provided evidence of excessive
doses of certain vitamins. One respondent consumed a daily intake of 9 g of
vitamin C, from vitamin C supplements and an additional 90 mg from another
vitamin preparation resulting in an intake of over 200 times the RNI. This was
without taking her dietary intake into account [23].

The evidence presented above suggests that consumers who take vitamin and
mineral supplements do not usually need them. This leads to speculations about
why they choose to take them. In part their supplement taking behaviour may be
driven by their concern for optimal nutritional intake, which even experts in the
nutritional field debate vigorously.

Establishing how much of a nutrient is enough without becoming too much
is one of the most problematic areas that nutritionists have to address. The long
term consequences of consuming too much energy are obvious as a positive
energy balance can lead to weight gain. With regard to micronutrients the situation
is different because deciding the optimum intake for an individual person is
complex. The bioavailablity of a micronutrient varies according to the interactions
between the nutrient and other nutrients and non- nutrients. It also depends on
nutrient requirements such as lifestyle factors (e.g. smoking, exercise) and genetic
variability which all make determining an individuals requirement uncertain [25].

When determining the requirements for nutrients, there is currently more
emphasis placed on considering the kinds of nutrients needed to optimise phy-
siological and mental functions and to minimise the development of degene-
rative diseases, rather than simply preventing deficiency states. This approach
recognises that nutrient activity may take place at a multiplicity of levels as fol-
lows:

1. the amount of a nutrient which may prevent an overt nutritional disease

2. the amount of a nutrient which may optimise biochemical, physiological and
genetic functions associated with specific health benefits

3. the pharmacological dose of a nutrient needed to optimise non-traditional
functions associated with specific health benefits

4. the amount of a nutrient which may lead to specific health hazards or toxic
effects.

Current dietary recommendations are based on the concept of ‘essentiality’,
which refers to the amount of a nutrient required to prevent disease. The
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amounts are determined by observational and experimental findings. A less
rigid definition of essentiality would embrace the notion of ‘optimum’ nutrition
and would involve considering a dietary factor a ‘nutrient’ if it affects the meta-
bolism of a person in a way that is beneficial to health. Revising the concept of
essentiality to determine and recognise the multiple levels of nutrient action is
currently being explored [25].

The notion of optimum nutrition is attractive to consumers who doubt both
the ability of their diet to provide the nutrients required to prevent nutrient de-
ficiencies and to deliver the optimum range and level of nutrients to maximise
their health and prevent disease. Given that there is no consensus among nutri-
tionists about optimum requirements for some nutrients or dietary compo-
nents it is hardly surprising that some consumers take the issue into their own
hands. Levels of intake can be based on unverified sources of advice such as
health food shops, the media and complementary therapists. This approach to
self-medication carries risks and there is evidence that intakes of some supple-
ments can be deleterious to health and lead to acute adverse effects such as
diarrhoea (vitamin C) and flushing (niacin). Persistent more serious adverse
effects are rare for water soluble vitamins although chronic use of high doses of
vitamin By can lead to neuropathies. High doses of fat soluble vitamins are of
greater concern: vitamin A has been linked to birth defects and irreversible
bone and liver damage and vitamin D with hypercalcaemia. High does of single
minerals or amino acids may induce deficiency in nutrients which share simi-
lar nutritional pathways. Excessive doses of zinc and selenium can cause im-
mune suppression and evening primrose oil may exacerbate temporal lobe epi-
lepsy [5].

1.9
Regulating the Market

Vitamins, minerals and dietary supplements are classified as foods and regulated
by the 1990 Food Safety Act. The claims that are made for the use and efficacy of
such products are regulated by the Food Labelling Regulations 1996. Medicines
are regulated by separate legislation laid out in the Medicines Act or the Medici-
nes for Human Use Regulations 1994. The claims which can be made about a me-
dicine are different from those that can be made about a dietary supplement. In
the UK most vitamins, minerals and dietary supplements are regulated as foods
and they may be freely sold in supermarkets, health food shops and pharmacies.
This means that dietary supplements may not be promoted for medicinal use, or
make any claim that a product can prevent or cure specific illnesses. However
food and pharmaceutical industries can make health promoting claims such as
‘this product helps to lower cholesterol’, provided the claim can be substantiated
by sound science and is not misleading [2]. Claims made about supplements
cannot assert disease treatment or prevention [26]. The regulation of food sup-
plements across Europe varies and there is pressure from the EU Commission
in Brussels to harmonise legislation across the European Union. Recently the
EU Commission proposed new legislation that would required a number of
changes to be put in place. For example, labels on the packaging of vitamin
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supplements will be required to include a recommendation for a daily dose, a
warning about possible health risks associated with high intakes and a message
stating that the product should not be used as a substitute for a varied diet. Pack-
aging will also be required to clearly identify the difference between a food sup-
plement and a medicinal product. There are also plans to include a positive
list of vitamins, minerals and chemical substances that have been approved
as safe by the EU’s food scientific committee. If EU governments and the
European parliament agree with the proposals, they could become law in 2002
and any products not complying with its terms would have to be taken off the
market [27].

The Joint Health Claims Initiative (JHCI) has been instigated recently by a
partnership between the food industry, the regulators LACOTS (Local Authority
co-ordinating Body on Food and Trading Standards) and consumer interests,
and will provide a framework for harmonising the processes used to assess
claims in the UK. The Code Administration Body for the JHCI is expected to be
situated within Leatherhead Food RA. If the JHCI is adopted throughout the
food and supplements industry it should hopefully protect the public against
misleading marketing activities [28].

Recent developments in the USA regulations have in effect relaxed the tight
restrictions governing the claims made for the health benefits of herbal supple-
ments and may further influence legislation in Europe [29]. The decision made
by the US Food and Drug Administration (FDA) has opened the way for manu-
facturers of vitamins, herbs and dietary supplements to manufacture products
for conditions such as morning sickness, hot flushes and memory loss in ageing.
The significant feature of the new law states that manufacturers of dietary sup-
plements can make claims about how their products affect the structure and
function of the body. They may not, however, claim to prevent, treat, cure, mi-
tigate or diagnose a disease without FDA approval. The new law is part of the
Dietary Supplement Health and Education Act. This act allows manufacturers to
sell products without the FDA’s rigorous safety and efficacy review which is
required for drugs, as long as they make claims related only to how a product
affects the ‘structure or function of the body’ and not how they affect disease
states.

Despite the existing regulations many consumers and patients have high ex-
pectations about the role of dietary supplements in the prevention, treatment
and cure of disease. In part this is due to the way the media sensationalises new
research findings and promotes the use of supplements in articles appearing in
lifestyle publications such as women’s magazines and Sunday newspapers. The
industry does however rely on media reports to sell its products. With a limited
scope for advertising copy, manufacturers are hidebound by the regulations
governing what they may claim. A well written article in an influential news-
paper however has a lot more freedom to provide the indirect sales push for a
product or product category. It is well known in the industry that a strong re-
commendation from women’s magazine such as Good Housekeeping is all that
is needed for sales of a product to soar [1]. Health food shops rely also on
‘in house’ magazines to feature articles on the health benefits of supplements
thus giving more leeway for claims and suggestions which cannot be made by
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law on packaging and in advertising. Media reports can also work against the
interests of manufacturers and retailers of supplements by running sensational
scare stories for example ‘Warning from scientists over high doses of dietary
supplements [9].

1.10
The Future for Vitamins, Minerals and Dietary Supplements

Across Western Europe the growth in the market for vitamins, minerals and
dietary supplements is set to continue. Euromonitor predicts a value increase of
21% between 1998 and 2003. The Italian market is forecast to grow by 64 % be-
tween 1998 and 2003. This will be mainly due to the lifting of an advertising ban
on these products. The UK market is also forecast to grow by 41 % over the same
period whilst the value of the market in Germany is expected to decline by about
10% [4].

The key trends that will drive this growth will be further development of self-
medication. Governments are likely to switch more products from prescription
only to OTC or general sales list status as a way of reducing the burden of health-
care costs on public spending. This will support the expansion of the OTC sec-
tor and benefit sales of vitamins, minerals and dietary supplements which are
forecast to become the second most popular type of OTC healthcare after anal-
gesics [13]. The market will also benefit from the expansion of the ageing popu-
lation across Western Europe who will be willing to take dietary supplements to
maintain their health. Recent figures from the Office of National Statistics show
that there will be a 13% increase in the number of 55-64 year old in the UK be-
tween 2000 and 2004, which compares with an increase of 5.6% in the 6 years
before the year 2000. In addition projections for the socio-economic structure of
the population show an increase of 7% in the number of ABs and 4% in the Cl s.
This is a major target group for vitamins, minerals, dietary supplements and
functional foods.

As products become more mainstream, retail distribution will move away
from pharmacies and into grocery outlets and health food shops. This will en-
courage the further development of private labelled products, particularly in the
grocery sector. Consumers are expected to become more sophisticated in their
choice of products which will encourage the development of more specialised
products targeted at particular groups. Dietary supplements will benefit from
growing health awareness of the Western European population, interest in pre-
ventative measures and growing stress at work and home. Snacking and ad hoc
eating patterns are set to continue across Western Europe, with further erosion
of traditional meals and the development of quick meal solutions for eating in
the car and at work [30]. The growth in the market for vitamins, minerals and
dietary supplements will be supported by strong promotional campaigns from
manufacturers, to accompany the launch of increasingly sophisticated and spe-
cialised products targeted at niche groups.
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1.11
Conclusion

Large numbers of consumers and patients are taking vitamins, minerals and
dietary supplements on a daily basis. They are characteristically female, middle
aged and concerned about symptoms of age related conditions such as arthritis,
obesity, high blood pressure, high blood cholesterol levels and cancer. Over the
next few years this trend is set to continue and with an ageing Western European
population providing a larger market for these products. In addition younger
people take supplements as a ‘boost to their system’ in times of stress and when
they are feeling run down and fatigued. Niche products will proliferate to cater
for an increasingly sophisticated consumer with specialist needs. Sales will be-
come less regulated with more supplements being sold outside pharmacies and
in retail outlets like supermarkets and over the Internet Media interest will con-
tinue to feast on new hypotheses and scientific findings, which support or refute
the role of supplements in health and disease. As the OTC health care market
grows so too will the practice of self-medication and the demand for supple-
ments. Regulation will continue to be an issue although it is clear that most
micronutrients and dietary supplements will be regulated as foods rather than
medicines. The future for the industry looks bright but for the consumer and
vulnerable ill patient it looks daunting as more and more products are intro-
duced onto the market at premium prices. Consumers and patients will require
help with evaluating the scientific evidence supporting the use of these products
in optimising the health and preventing disease. Health professionals will need to
play an important role in this regard. They will need to be alert to the needs of
their patients and the reasons why they are taking these products. They will also
need to be able to evaluate their biological and psychological value to the patient
and to have an informed dialogue with them regarding their use. The use of vita-
min, mineral and dietary supplements will also need to be evaluated in terms of
the many other dietary and lifestyle changes which Western Europeans could
make to improve their health and reduce risk factors for disease.
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2 Why do Health Professionals
Need to Know More About Nutrition?

Matthew E. Joynson

2.1
Introduction

Nutrition and diet are fundamental to health with diet regarded as the most im-
portant environmental factor determining longevity. Although Hippocrates re-
cognised the importance of a good diet for the prevention of disease, the science
of nutrition has only emerged recently as an important discipline in modern
medicine. Clearly nutrition is not just a simple case of ensuring regular con-
sumption of the recommended daily doses of vitamins and minerals. Instead,
nutritional science broadly encompasses the intake, absorption and metabolism
of dietary constituents, along with the promotion of health via prevention of
diet-related diseases. As we enter the 21st Century, scientific advances on the
relationship of dietary substances to the cellular mechanisms of disease are
occurring with increasing regularity and frequency. Yet despite the increasing
scientific evidence, present day health professionals are typically untrained in
the impact of diet in health and disease [1]. Furthermore, simple dietary defi-
ciencies still occur within developed societies [2].

The array of foods and dietary supplements available to the general public
continues to increase. With the advent of functional foods such as prebiotics and
probiotics, and supplements containing phytochemicals, health professionals
may require further scientific knowledge to offer nutritional advice to patients
and consumers.

The aim of this chapter is to consider why health professionals such as den-
tists, pharmacists and general practitioners, need to know more about nutrition.
Although the chapter offers a UK perspective on dietary knowledge in primary
care, the principles and issues discussed in this chapter should equally apply to
other countries.

2.1.1
The Implication of Diet in Disease

Dietary factors are influential in the most important public health problems of
Western society. Diseases such as coronary heart disease, stroke, cancers and
osteoporosis constitute the most common causes of morbidity and mortality [1,
3,4]. When considering the management of diseases associated with the modern
lifestyle, nutrition should be considered a primary issue. Although all of these
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
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diseases are multifactorial in their aetiology, the potential exists for disease pre-
vention via manipulation of the diet. Diet has been estimated to a contributory
factor in up to 80% of cancers of the large bowel, breast, and prostate [8, 9] -
however, the direct effects of the diet are less certain, but fats, fibre and antioxi-
dants have been closely scrutinised [7]. For coronary heart disease and stroke,
dietary factors play important roles in modulating blood lipids and their pro-
pensity for oxidation [8]; diet has been linked with development of coronary
atherosclerosis from an early age [9]. In addition, thrombosis can be influenced
by dietary factors, particularly fish oils [10]. In osteoporosis the most important
dietary factor appears to be the availability of calcium [11] which is essential
both in building peak bone mass and in minimising bone loss in later life.
However, therapeutic manipulation of the diet, by the addition of fish oils to in-
crease the supply of omega-3 fatty acids to reduce the inflammatory response in
rheumatoid arthritis [12] is regarded as unconventional by many health profes-
sionals.

One clear conclusion from existing epidemiologic evidence is that many in-
dividuals have suboptimal diets and that the potential for disease prevention via
improved nutrition is substantial [4]. With an increased focus on individual
components of the diet, the physiological and biochemical roles of these nutri-
ents in health and disease are becoming more clearly defined. For example, low
levels of plasma folate has been linked to the aetiology of cardiovascular disease
[13-15]. Nutritional studies in patients with cardiovascular disease and controls
have shown an inverse correlation between concentrations of vitamin B,, and
folate and those of homocysteine. Thus, supplementation with folate in deficient
patients can normalise homocysteine levels and potentially reduce the risk of
cardiovascular disease [14, 15].

The provision of dietary advice is already common in the management of
many chronic diseases, like hypertension and hyperlipidaemia, where over 90%
of patients are exclusively managed in family medicine [16]. However the pro-
vision of dietary advice needs to extend beyond diseased patients and play a
higher role in relation to healthy patients and the potential for disease preven-
tion. As nutrition knowledge changes with new scientific evidence, the health
professional must ensure that individuals are aware of the protective factor that
an appropriate diet can convey to them. This health strategy may aid in pre-
venting further morbidity and mortality.

2.2
Our Hunger for Knowledge

Nutrition is becoming increasingly important for a number of reasons. In many
societies, busy lifestyles, irregular working patterns and active social lives often
lead to missed meals and over indulgence in fast or convenience foods. These re-
fined foods easily fit into modern lives but propel the trend to spend less time
preparing food. However, the consumption of such foods can contribute to an
insufficient diet characterised by low micronutrient density and an excess of fat.
Also, many individuals are turning to alternative diets in accordance with their
personal beliefs: vegetarian, vegan, and macrobiotic diets are increasingly being
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followed. However, many of these diets, such as veganism or macrobiotics, can
be highly restrictive and associated with complications such as reduced bone
mass or anaemia. With the realisation that dietary behaviour is insufficient,
many individuals consider the consumption of food supplements to avoid
dietary deficiency and increase daily intake of ‘protective’ nutrients. But what is
the source of the general public’s dietary knowledge?

Although government campaigns may advise the general public against smo-
king and drinking, limited nutrition guidance exists. In the absence of reliable
medical advice on nutrition, patients are increasingly turning to the media to
find out about healthy diets. Unfortunately, many consumers find themselves
faced with the commercial aspect of nutrition. Dietary supplements constitute a
major commercial enterprise with vast numbers of companies purporting that
their nutrition supplements are the ‘best’, the ‘most potent’, or the ‘cheapest’.
Whilst all these factors may be important to the consumer, the frequent absence
of clear nutritional advice may confuse the consumer. Vast numbers of people
are turning to a diverse and sometimes bizarre array of nutrition and herbal
dietary supplements offering occasionally unresearched, biochemically im-
plausible interventions which are popularised by spectacular claims in the lay
press; these dietary interventions are largely unsubstantiated and administered
without professional supervision. This is a cause for concern, particularly with
surveys reporting that the general public’s knowledge of sources of fat, calcium,
and iron is often unreliable [17]. Clearly there is a knowledge gap that needs to be
filled.

Dietary messages have also become more complex over the past decade,
changing from the simple directives of previous decades (for example, RDAs,
etc) as scientific evidence has evolved. Evidently, the general public has become
more knowledgeable, but also more confused. The constraints imposed by var-
ious media (print, radio, and television) that deliver the ‘healthy diet’ message
may add a further layer of complexity, particularly if this message is part of a
strong marketing strategy [18].

With an ever-increasing percentage of the population using the Internet as a
source of dietary knowledge, the added concern exists that nutrition informa-
tion may be inaccurate, inappropriate or commercially biased. Unfortunately,
because of the lack of regulation, the quality of dietary information on the In-
ternet is determined solely by the organisations and individuals that publish it.
Davison [19] recently evaluated the accuracy of nutrition resources on the In-
ternet and reported that 45% of websites visited provided information that was
inaccurate with many being commercially orientated. Clearly, the need for an
authoritative and respected source of dietary information exists.

2.3
Health Professionals: the Authorative Source of Nutrition Information?

A mismatch appears to exist between the attitude of the public, who appear wil-
ling to accept dietary advice from primary care professionals, and the reluctance
of these professionals to fulfil this role [20]. Primary care should be seen as the
ideal interface to provide nutrition education, with appropriate and accurate
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dietary advice communicated from any health professional in a clear and con-
sistent manner. Pharmacists, family doctors, dentists and nurses should all be
perceived as an approachable and informative source of general health in-
formation, along with the dietitian, the dedicated health professional in the area
of nutrition. However, current dietary knowledge of the primary care team
needs to be regularly updated in response to the population’s new awareness of
healthy eating benefits.

In Western societies, family medicine forms the front line of the health ser-
vice and in the United Kingdom the contact rate between the population and
primary care doctors now averages five encounters a year and relationships last
an average of eleven years [16]. This gives primary care, particularly in the form
of multiprofessional teams of doctors and nurses, a potential opportunity to
explain the principles of healthy eating. All health professionals should play an
active role in the dietary health of the general public, monitoring their eating
behaviour and the impact of food across all social groups, with the irregularity
of patient-health professional interaction heightening the importance of dis-
tinct dietary advice.

Primary health care staff are increasingly involved in the provision of dietary
advice for health promotion, often without adequate training in nutrition assess-
ment or counselling. Because of their perceived high status and contact with the
community, the expertise of the primary care team can penetrate nearly all seg-
ments of the population placing physicians and pharmacists in a unique posi-
tion to influence nutritional health. Their role should not focus upon curative
care alone, but also disease prevention and health promotion. However, a
general practitioner or nurse may not have the time to give dietary advice
during the majority of consultations. This suggests that the community
pharmacist or dentist could be effectively positioned within the primary care
team to offer dietary advice to patients and consumers.

A patient’s interaction with the pharmacist in the setting of a commercial
pharmacy is more frequent than with any other member of the primary care
team. Whereas the majority of health professionals tend to operate on an ap-
pointment only basis, the community pharmacist’s advice is immediately avail-
able. Pharmacists are in the ideal position to offer advice on potential nutrient-
drug interactions, particularly when dietary supplements share the same shelves
as over-the-counter medications. The location and accessibility of community
pharmacists for immediate consultation places them in a unique position and as
respected health professionals, pharmacists are required to be a competent and
knowledgeable source of reliable information. However, with the boom of nutri-
tion supplements and the widely differing needs of individuals, the pharmacist
needs to be aware of any relevant supportive or detrimental evidence from the
scientific literature.

Similarly, dentists are in the ideal position to identify early signs of under-
nutrition, high sugar consumption, or potential dietary problems due to poor
tooth development, oral disease, or tooth loss [21]. Thus the promotion of oral
health should coincide with dietary advice.

Although the general public should perceive health professionals to be a source
of accurate dietary information, a recent study reported that only 53% of indi-
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viduals questioned thought that their general practitioner was a good source of
dietary advice [17]. When general practitioners and nurses were questioned, a
lack of confidence was apparent concerning the meaning of several nutritional
terms, including extrinsic sugars, non-starch polysaccharide and trans fatty
acids. Furthermore, although general practitioners were confident they could
explain the link between diet and heart disease, they were not sure about the
value of starch in the diet.

The challenge of dealing with food and nutrition misinformation is long-
standing and persistent [22]. Cooperation between health professionals may
help to expose emerging dietary misinformation and misbeliefs before they be-
come widely accepted. In the past, nutrition communications have frequently
placed priority on reducing fat consumption. This has served to foster an obses-
sion with and confusion about dietary fat and has contributed to misperceptions
about healthy eating [23]. Nutrition communicators are encouraged to work
together to restore reason to nutrition messages and recommendations in an
effort to help consumers achieve nutrition and health goals.

24
Nutrition: the Orphan Discipline

If health promotion in primary care is to work effectively, the infrastructure ne-
cessary for effective training and continuing education has to be addressed, par-
ticularly as health professionals worldwide are increasingly advising on lifestyle.

Nutrition education for health professionals appears to be an ‘orphan’ disci-
pline with minimal improvement over the past decade. Curing rather than pre-
venting disease appears to emphasised during training, particularly in schools
of medicine and pharmacy. The nutrition education of health professionals
should feature nutritional matters and encourage students to integrate know-
ledge gained from disciplines that they previously felt were perhaps unrelated.
But is this achieved?

Considering the undergraduate training of the pharmacist, the curriculum
does not appear to focus on nutrition as a separate entity - nutrition usually be-
comes fragmented into the subject areas of physiology, clinical pharmacy and
pharmacy practice (M.E. Joynson, unpublished work). Thus, pharmacists may
find themselves in a very uncomfortable and insecure position when answering
the public’s general nutritional queries.

On the average pharmacy shelf, nutritional supplements are commonplace
suggesting that pharmacists themselves are well-qualified to give dietary advice
to members of the public who enquire about diet and supplementation. How-
ever, when pharmacists are asked about dietary supplements, many cite the man-
ufacturers recommended guidelines to be the limit of their knowledge. Upon
closer examination, many pharmacy degree courses in the United Kingdom fail
to offer students any significant education in the implications of diet and disease
with many courses unable to incorporate core nutrition. Some educational in-
stitutions are beginning to recognise this important discrepancy: in 1990, the
University of Brighton introduced an optional nutrition module into the third
year of the pharmacy degree which was a ‘“first’ for the Schools of Pharmacy in
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the United Kingdom. The content of this module is aimed at topical issues with
which the community pharmacist may be involved and provides the opportun-
ity to think generally about the communication of complex nutritional issues
to the general public. Schools of pharmacy clearly have a duty to educate their
students more thoroughly on the importance of diet.

Despite the prevalence of nutritional disorders in medicine and the increased
significance of disease prevention via dietary modification, health professionals
are typically untrained in the relationship of diet and its potential to prevent dis-
ease. The lack of importance attached to nutrition and prevention of disease is
understandable particularly with the contrast between the often immediate ef-
ficacy of pharmacotherapy compared with more long-term dietary intervention
remaining so distinctive. Furthermore, rigorous regulations for drugs to be-
come licensed ensure that information is authoritative, evidence-based via cli-
nical trials, and readily available in the medical literature. Nutrition informa-
tion, however, still comes in a plethora of different forms, some of it unscientific,
some out-of-date, and some commercially biased. Exceptions do exist, with
dietary intervention such as the administration of fish oil supplements in pa-
tients with rheumatoid arthritis possessing features of a conventional medical
treatment: a confirmed biochemical mechanism and supportive therapeutic evi-
dence from randomised studies [12]. However, usage of such dietary supple-
mentation is still considered unconventional and remains indistinguishable
from less proven dietary intervention.

A recent study reported that nutrition ought to have an established place in
the vocational training of general practitioners. When general practitioners
were recently surveyed, 89.6% of responders agreed that nutrition had an im-
portant role to play in the management of disease [24]. Similarly, it is generally
accepted that knowledge of nutrition is a fundamental aspect of professional
nursing practice, yet there is increasing concern about ignorance of nutrition-
related areas among practising nurses. Numerous reports have identified a
serious problem of unrecognised malnutrition in UK hospitals which has signi-
ficant clinical and financial consequences [25]. A lack of knowledge and under-
standing, attributed to inadequate nutrition education and training have been
blamed as the principle reason for lack of progress in tackling the problem [26].
A recent study investigated the role of nurses and their attitudes to nutrition
education and relationships with dietitians [27]. Nutrition education received
during their nurse training was perceived to be poor by 38 % of respondents and
44% of the respondents said that a state-registered dietitian had not been in-
volved in their nutrition education. Overall, the lack of nutrition knowledge of
health professionals appears to be a frequently reported problem.

25
What are the Obstacles to Giving Nutrition Advice?

Although the expanding role of health professionals has led to more opportuni-
ties to offer dietary advice to patients, obstacles appear to prevent communica-
tion of dietary information to the general public. Previous surveys have shown
that there is a disparity between physicians’ beliefs about the importance of diet
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and nutrition in health maintenance and disease prevention and the actual
delivery of nutrition counselling [28]. Although two-thirds of physicians pro-
vided dietary counselling to less than 40% of patients, with on average less
than five minutes spent discussing diet per consultation, nearly 75% of physi-
cians felt that dietary counselling was both important and the responsibility of
the physician.

Dissatisfaction with the quality of nutrition education received by those
working in primary care is often cited as a barrier to providing dietary advice to
patients {20]. A number of other perceived barriers to the delivery of dietary
counselling have been examined and a number of obstacles identified. These in-
clude: lack of time, patient noncompliance, inadequate teaching materials, lack
of knowledge, inadequate reimbursement, and low physician confidence [28].
Hence, the existence of multiple barriers appears to prevent the primary care
practitioner from providing effective dietary counselling. Similarly, Helman [29]
identified these obstacles as lack of time, lack of confidence, and inadequate nu-
trition knowledge which have since been confirmed {30]. However, research has
indicated that further nutrition education or training can make a significant im-
pact. Cadman and Findlay {30] assessed the changes in the nutrition knowledge
and confidence of nurses following training from a dietitian. Nutrition know-
ledge increased after training with 88% of nurses reporting good or excellent
confidence compared with 27 % before training. This suggests that health pro-
fessionals would benefit from further training and an update of their nutrition
knowledge. Current nutrition principles and research can support the role of
health professionals in providing accurate and consistent dietary advice to pa-
tients.

The prospect that health professionals will accept nutrition as an essential
discipline may be enhanced by the realisation that cost-effective practice, par-
ticularly for general practitioners, can be optimised through the application of
current nutrition interventions to health maintenance and patient care. The
standardisation of curricula for nutrition education of health professionals
would clearly contribute to the cost-effective integration of nutritional concepts
into medical practice, and a multifaceted approach is required to change physi-
cian-counselling behaviour and overcome potential obstacles.

2.6
The Updated Role of Health Professionals: a New Approach

2.6.1
Tailored Dietary Advice

To enable the general public to achieve healthy objectives, health professionals
must develop effective dietary interventions that address psychosocial and
behavioural components of change [31]. The practice of offering more per-
sonalised dietary advice could be important. Campbell and co-workers [31] in-
vestigated two interventions in patients from family practices. The first inter-
vention consisted of individually computer-tailored nutrition messages; the
second consisted of non-tailored nutrition information based on the 1990



24 2 Why do Health Professionals Need to Know More About Nutrition?

Dietary Guidelines for Americans with patients followed up after 4 months. The
tailored intervention produced a 23 % decrease of total fat intake compared with
a 9% decrease in the non-tailored group. Seventy-three percent of the tailored
intervention group recalled receiving a message, compared with 33% of the
non-tailored intervention group. Tailored nutrition messages could be an effec-
tive tool in promoting dietary fat reduction for disease prevention or other
dietary intervention.

Similarly, a recent pilot study was carried out in a community pharmacy uti-
lising interactive public health software called CardioPharm [32]. The program
gave advice on reducing the risks of cardiovascular disease and required the
user to input various details of their lifestyle, with particular attention to diet, to
allow any advice given to be more individual-specific. A brief risk assessment
was then provided and the user was encouraged to consult health promotion
leaflets provided. From the users, 71% agreed or strongly agreed that the ex-
perience made them think more clearly about their lifestyle.

2.6.2
Different People, Different Dietary Needs

Although comprehensive advice can be given to the general public, specific
populations and communities have to be considered with thought given to life-
style, location, culture and age. For example, communities in rural areas are of-
ten in receipt of general health education messages, although these messages are
invariably composed without regard to where people reside, and, in particular,
to the availability of, and access to, foodstuffs [33]. Similarly, although nutrition
and ageing are inseparably connected (as eating patterns affect the progress of
many degenerative diseases associated with ageing), there is an apparent lack of
specific dietary advice given to elderly individuals. Old people living alone are
particularly vulnerable to a poor diet, although they are also at risk in hospitals
and residential homes, where a lack of resources and staff time means that they
do not always receive a balanced diet. Malnutrition can lead to lower physical
strength, greater inactivity, increased risk of accidents, and Chandra [34] has
suggested an increased risk of infection. Poor vision, macular degeneration and
cataracts are all now being linked to diets low in antioxidants consumed by the
elderly [35]. Folate status has also been reported to be low in a significant pro-
portion of elderly individuals, but effective dietary intervention can resolve this
situation. When the diets of elderly individuals were supplemented with folate
100-200 mg/day, a 73 % reduction in the risk of angina and myocardial infarc-
tion has been reported, with an average increase of eight years in lifespan [36].
Health promotion and disease prevention could improve the quality of elderly
life, reduce morbidity and lessen the burden on the health care system, and as
such it would seem reasonable that such efforts would be of benefit.

Other groups that need extra dietary guidance include children, athletes,
people with active lifestyles, ethnic groups, individuals with limited diets (vege-
tarian, vegan, macrobiotics) and pregnant women. Every person has individual
dietary needs and it is the responsibility of health professionals to take these
needs into consideration when offering nutrition advice. However, health pro-
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fessionals should convey the value of a well balanced diet to any individual seek-
ing dietary advice.

2.6.3
Drug-Nutrient Interactions

The potential interaction between drugs and nutrients is an important issue,
particular in patients with chronic or comorbid conditions that may require
prolonged or multiple treatment (arthritis, diabetes, psychiatric illness). To eva-
luate the attitudes of healthcare providers on drug-nutrient interaction counsel-
ling, a survey was sent to 100 pharmacists, 50 registered dietitians, 25 registered
nurses and 25 physicians [37]. The variables assessed included the amount of
drug-nutrient interaction counselling provided along with whom was thought
to be in the best position to provide it. Only 12% of health professionals pro-
vided drug-nutrient interaction counselling in more than 50% of patient con-
sultations. A large proportion (72%) of responders felt pharmacists were in
the best position to discuss drug-nutrient interaction, with patients. In a more
recent study, most general practitioners reported that they had little or no for-
mal training in drug-nutrient interactions in medical school (83%) although
79% believed it was the physician’s responsibility to inform patients about
drug-nutrient interactions, and many thought pharmacists shared this respon-
sibility [38].

Physicians’ knowledge of drug-nutrient interactions may be improved by in-
cluding nutrition education in the topics taught to physicians, nutritionists and
pharmacists using several educational strategies. Nutrition educators in par-
ticular can play a role in curriculum development through the development and
evaluation of materials and educational tools [38].

2.6.4
The Impact of Diet in Health Economics

The diet of the population can have a significant impact on the health eco-
nomics of the nation. Taking bone health as an important nutrition-related
issue, it has a major impact on health, quality of life and mortality. Osteoporosis
is currently a major public health problem and with predicted demographic
changes, its future health and economic impact is likely to be phenomenal.
More than one-third of women, and approximately one-sixth of men, will sustain
an osteoporotic fracture in their lifetime [39]. The National Health Service
spends over £940 million annually treating at least 200,000 fractures, many in
the elderly and all major osteoporotic fractures are associated with increased
mortality [40]. Internationally, more than 1.5 million osteoporotic-related frac-
tures occur annually, and this number is projected to increase 4-fold by the year
2050 [41]. Calcium intake in Britain appears variable and the bioavailability of
calcium varies with 10-60% of that ingested actually being absorbed [42].
In 1994 results from a MAFF study indicated that less than one-third of 16-18-
year-old girls (29%) consumed a diet that met the reference nutrient intake for
calcium [43].
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Increased calcium intake via food or supplementation can have beneficial
effects on bone mass which could reduce the risk of developing osteoporosis or
rate of onset. These effects would clearly have an impact on medical costs asso-
ciated with osteoporosis. Calcium or dairy intervention studies have also de-
monstrated positive effects on bone mass in adolescent girls [44 -47]. Similarly,
in a review of more than twenty prospective studies, calcium supplementation
prevented bone loss in postmenopausal women [48]. Calcium supplementation
also appears to provide benefits with hormone replacement therapy: high cal-
cium intake (over 1200 mg daily) increases the beneficial effect of the oestrogen
on bone mass [47].

Following similar ideology, dietary interventions that may reduce the risk of
cancer are of great importance, particularly as the figure for new cancer patients
diagnosed each year has been estimated to rise from 10 million to 20 million by
the year 2020 [50].

2.7
Conclusion

Health professionals, the body of authority that the general public consults for
information on health, appear to be insufficiently informed about the role of diet
in the prevention and treatment of disease. The expectation of nutrition guid-
ance from health professionals needs to be acknowledged throughout the pri-
mary care team and steps need to be implemented to achieve this required level
of knowledge. New efforts to train health professionals would be welcome,
particularly in the interaction of nutrition and preventative medicine with the
goal that a confident nutrition approach from health professionals will convey
increased motivation and committment to improving nutrition behaviour in
patients.

Health professionals have expressed an interest in learning more about nutri-
tion, but there is still the lack of coherent, specifically-tailored teaching on the
subject. The incorporation of nutrition education into the curricula of medical
and pharmacy schools should be developed, increased and updated regularly
with emphasis on health promotion and disease prevention. Opportunities and
tools for physicians and pharmacists to become more actively involved in nutri-
tion guidance of patients also need to be developed. To improve the training of
health professionals in nutrition, universities could play a valuable role in devel-
oping relevant undergraduate courses which devote more time and attention
both to knowledge about foods and nutrition and training on how to give well
informed nutritional advice.

The recognition and importance of nutrition concepts will allow health
professionals to implement practical aspects of health promotion and disease
prevention in their patients, improve the overall health of their patients, and
reduce the prevalence of global disease. The important and potentially cost-
effective roles for the health professional in the prevention of diet-related dis-
ease are the sourcing, objective assessment and reinforcement of nutrition
information. Obstacles to nutrition counselling also need to be identified and
resolved.
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In modern society, following an appropriate diet and a judicious use of food
and nutritional supplements will aid the prevention of morbidity and mortal-
ity associated with several key contemporary illnesses. Nutrition knowledge
changes with new scientific evidence, and health professionals must be aware
of reliable sources of continuing education and information appropriate for
themselves and their patients. Health care professionals have the responsibility
to help our patients to synthesise new information without overlooking the
most important thing: the need to follow a well-balanced diet.
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Introduction

In addressing his ‘medical brethren’ in the preface to the 1858 publication Nutri-
tion in Health and Disease, eminent physician James Henry Bennet, wrote:

‘My object in writing the following work has been to draw attention, forcibly, to
the fact, constantly overlooked, that the imperfect performance of the digestive
and nutritive functions leads, slowly but surely, to ill-health, to disease and to
death. [1].

Today, the study of eating and the absorption and assimilation of nutrients from
food continues to engage the minds of research scientists and health profes-
sionals. A great deal of knowledge has been accumulated and applied with
good effect since Bennet observed the need to study ‘dietetics in connection with
physiology and chemistry’. This chapter considers how our knowledge of nutri-
tion has been used to prevent disease, maintain health and promote well-being
throughout life.

3.2
What Nutrients are Needed, and How Much?

Healthy nutrition requires the appropriate intake of energy from macronutri-
ents (chiefly carbohydrate and fat) and adequate intake of essential amino acids
(in the form of protein), essential fatty acids, vitamins and minerals. To support
normal growth and metabolism the human body must obtain regular supplies
of each nutrient from the diet or from body stores. If the supply of a particular
nutrient becomes depleted, either through diet or illness, a deficiency state will
develop. Conversely, an excess of particular nutrients may also be associated
with ill-health.

In the past, in order to avoid nutrient deficiencies among the population, the
UK government developed recommended daily intakes (RDIs, set in 1969) and
then recommended daily amounts (RDAs, set in 1979) for each nutrient. How-
ever in dietary analysis RDA values can be easily misinterpreted, because the val-
ues are set high enough to meet the needs of almost every healthy person in the
country. Thus the average person, and indeed the vast majority in the popula-
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
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tion, would be healthy consuming much less than the RDA value. High intakes of
some nutrients may have undesirable effects.

Nutritional scientists, including epidemiologists, now seek to assess not only
what levels of individual nutrients are required to prevent deficiency and main-
tain health in the population, but what levels might be regarded as appropriate
for optimal health at various stages in the life cycle. This more sophisticated con-
cept of optimum nutrition is a relatively recent development, and through its use
scientists hope to reduce the risk of development of chronic diseases and opti-
mise physiological and mental function, through dietary modification. Towards
this end, in 1991 in the UK dietary reference values (DRVs) were published [2]
providing information about requirements of individual nutrients; they were
proposed on the basis of the evidence available, and they are in use today,
guiding dietitians and other health professionals on the quality of diets.

3.3
Dietary Reference Values

The physiological requirement for each nutrient will depend to some extent on
the individual’s genetic and metabolic characteristics and may alter, for example
due to changes in levels of activity or changes in overall composition of the diet.
It is usually not practical for health professionals to determine the nutrient re-
quirements of individuals and therefore the average requirements of similar
groups of people are estimated. This approach has been used by the Panel on
Dietary Reference Values of the Committee on Medical Aspects of Food Policy at
the Department of Health to produce the information currently used by nu-
tritionists and dieticians in the UK [2]. The DRV tables (see [3]) list the require-
ments for energy and for 33 individual nutrients, for the UK population,
grouped by age and gender (and by stage of pregnancy or lactation status for
women). The DRV figures are given as estimated average requirements (EAR),
with additional figures for the majority of nutrients (representing +/- 2 stan-
dard deviations) indicating the reference nutrient intake level (RNI) and the
lower reference nutrient intake level (LRNT). These latter levels are the require-
ment figures to meet the needs of 97.5% and 2.5% of the population respec-
tively. Thus EAR, RNI and LRNI figures are used for guidance on the adequacy
of the diets for groups of the population, rather than the whole population.
When the figures are used to assess the diet of an individual, care must be taken
in the comparisons because the intake levels of an individual are unlikely to
match exactly with the needs determined for a particular group due to the
variation in individual physiological requirements.

34
Meeting the Targets

In the UK today most people have reasonable access to good quality food and
the symptoms of the classic deficiency diseases, such as beriberi and scurvy, are
rarely seen. In general, whilst people do not have sufficient knowledge to assess
their nutritional requirements, most seem to manage to obtain a diet sufficiently
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varied to prevent signs of severe deficiencies. However, there is much evidence
of ill-health from poorly balanced diets, linked to the over-consumption of sug-
ar, salt and fatty foods, often at the expense of fruit and vegetables. To encour-
age consumption of a varied diet, models are used for the purpose of illustra-
tion. One example is the plate model, developed by the Health Education
Authority in 1994 [4]. This model features the visual image of a dinner plate with
5 approximate fractions occupied by examples from each of five food groups
(fruit and vegetables about 33 %, bread, cereals and potatoes also 33 %, meat, fish
and alternatives, such as pulses, 12 %, milk and dairy foods 15 %, fatty and sugary
foods 8%).

Despite such health education developments, adverse socio-economic factors
have a substantial influence on diet and there is a greater prevalence of diet-
related ill-health in social classes IV and V. In some of the low-income sub-
groups of the population, the effects of under-nutrition may still impair growth
and development in children and result in poor health and greater susceptibility
to infection because of a lower immune function. Particularly vulnerable groups
in the population are young children, adolescents, pregnant women and older
adults. The 1998 report of the Independent Inquiry on Inequalities in Health
chaired by Sir Donald Acheson [5] urged that a high priority be given to the
health of women of childbearing age, expectant mothers and young children.
Improving the diet of girls and women is likely to improve not only their own
health, but more significantly that of their children throughout their lives, as
discussed later in this chapter.

Inappropriate food choices amongst the more affluent majority in the popu-
lation may also result in increased risk of chronic disease. Concerns include
whether the diet meets the physiological requirements the various stages
through life. If the diet at a particular stage in life is inadequate, even in respect
of only one nutrient, this may lead to consequences later in life. For example,
poor calcium intake through their adolescent and early adult years (and hence
lower peak bone mass, achieved in early aduithood) may result in osteoporosis
in older women. Osteoporosis occurs as a result of an age-related reduction in
bone density, especially after the menopause, when the rate of loss is accelerated.

Even among the better educated and the more health conscious sectors of UK
society, failure, or fear of failure to meet nutrition requirements because of life-
style demands is commonly encountered. Such concern may arise from publi-
city of the national statistics indicating the prevalence of diet-related diseases.
For example, a report on the prevalence of cardiovascular disease and its risk
factors, based on the 1998 annual health survey and comparisons with the cor-
responding 1994 statistics, indicates that the prevalence of both coronary heart
disease and stroke increased over this four year period [6]. Whilst increased life
expectancy and birth control have resulted in a rise in the proportion of elderly
in the population, the so-called ‘diseases of affluence’ including cardiovascular
diseases, diet-related cancers, diabetes and hypertension are leading causes of
morbidity and mortality and continue to drain health resources. Obesity may in-
crease the chance of developing coronary heart disease (CHD), stroke and other
chronic diseases including diabetes, hypertension and arthritis. The proportion
of adult men and women who are obese (BMI >30) had doubled over the past
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twenty years to approximately 17 % of men and 21% of women [6]. Hyperten-
sion is also a major predictor of CHD and is the most important risk factor for
stroke, which along with other circulatory diseases are responsible for 200,000
deaths per annum in the UK [7].

Government health targets for the UK include substantial reductions in the
death rate in people less than 75 years old from heart disease, strokes and can-
cers by 2010 [7]. Achieving these health outcomes demands that nutritionists
and dieticians impress upon those responsible for health policies and the public
that good nutrition is important at every stage in life. The following sections
consider the influence of diet on health at the various stages through the life
span and selected examples illustrate how health problems, which may be
chronic and possibly fatal, are associated with under-nutrition or inappropriate
food choices at stages through life.

35
Pregnancy and Lactation - Life-Long Health Implications of Nutrition

The nutritional status of the mother before and during pregnancy influences her
fertility, the development of the fetus and the development of the breast-fed in-
fant. For example, in underweight women, there is a close relationship between
maternal bodyweight and that of the infant [8]. This relationship is of concern,
because neonatal birth weight is the strongest predictor of infant morbidity and
mortality [9]. During the period of the pregnancy and early childhood, the rate
of growth of the child is remarkable, and is accompanied by many physiological
and developmental changes.

Pregnancy and the initial post-natal months are particularly critical times for
the growth and development, and good nutrition is essential. The effects on
growth, body composition and body function of nutritional factors during fetal
and early development are not restricted to the short-term. Early diet has long-
term effects on development of sensory and cognitive abilities as well as on
behaviour, and on mortality risks during adulthood. This phenomenon is a
function of so-called ‘programming’ whereby the nutritional, hormonal and
metabolic environment afforded by the mother may permanently ‘programme’
the structure, physiology and metabolism of the offspring [10].

Undernutrition of the fetus, whether from inadequate food intake by the
mother, or inadequate transport or transfer of nutrients, leads to changes in
gene expression resulting in these permanent, deleterious changes. Early infant
feeding is related to insulin-dependent diabetes [11] and to cognitive develop-
ment [12, 13] in older children. The long-term effects of undernutrition during
the critical period of early development are also evident in adulthood and even
in the next generation.

Many researchers, including Professor David Barker of the MRC Environ-
mental Epidemiology Unit, have noted a strong association between low birth
weight and risks of development of CHD in later life [10]. The weight at one year
of age is also strongly associated with subsequent death rates from CHD in men:
in their study Barker and colleagues noted that death rates fall steeply from
those who were small at one year of age to those who were large [14]. Ravelli et
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al. [15] have suggested that the prevalence of obesity in adulthood is related to
fetal and infant nutrition. Barker [10] argues that the long-term effects of fetal
and infant nutrition can also be seen in the risks of diabetes, hypertension and
risk of hypercholesterolaemia in adults. Barker [16] reported that studies in the
UK, on people living in Sheffield, in Preston and in Hertfordshire showed that
adults who were small as babies have raised blood pressure, raised serum chol-
esterol and plasma fibrinogen concentrations and impaired glucose tolerance.
These are all risk factors for CHD.

The long term influence of fetal nutrition on physiology and metabolism are
well illustrated by observations following the ‘Dutch Hunger Winter’ towards the
end of World War II [17]. During the harsh winter of 1944 food supplies to parts
of Holland were scarce because of a blockade; this led to severe calorie restric-
tions for the citizens. The baby girls conceived in western Holland during the
famine, but born after liberation, were of normal birth weight, although decades
later their own babies were born with low birth weights. It was concluded that
the ability of the women to deliver nutrients to their own offspring was im-
paired by the physiological and metabolic consequences her undernutrition in
the uterus.

The examples mentioned above demonstrate very clearly that undernutrition
of the fetus has life-long outcomes and influences the health of subsequent
generations. This issue is addressed in the report Independent Inquiry into In-
equalities in Health [5] which underlines the influence of poverty on diet and
emphasises the importance of improving the health of women of childbearing
age. Research by Doyle and her co-workers in Hackney, an inner-city London
borough, demonstrated that with few exceptions, low birth weight babies are
born to women with exceptionally poor diets [18]. In considering the influence
of socio-economic class, the main differences in the dietary intake of the lower
socio-economic class pregnant mothers in the Hackney study with those of
higher classes was not in the energy content, but in the consumption of protein,
vitamins and minerals. In particular consumption of B group vitamins correlat-
ed with social class and with birth weight outcome. In the Hackney study intake
of folate, which is found in fruit and green vegetables, correlated more strongly
with socio-economic class than any other nutrient.

Although the influence of the maternal diet in the fetal development in un-
dernourished women is widely accepted, the debate about the influence of diet
on fetal development in well-nourished pregnant women continues. Mathews
and co-workers [19] recently investigated the influence of maternal nutrition on
the outcome of pregnancy using a prospective cohort study. The study was con-
ducted using women recruited from antenatal clinics at a hospital on the south
coast of England. The research team studied the effects of the diet on birth
weight and on placental weight at birth. They reported that placental weight and
birth weight were not associated with intake of any of the macronutrients.
Although some micronutrients (vitamin C, vitamin E and folate) were positively
associated with birth weight, this occurred only before adjustments were made
for maternal height and smoking in the multivariate analysis undertaken. It
seems that the discussion on the influence of diet on fetal development in well-
nourished pregnant women is set to continue.
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Folic acid is one example of a micronutrient whose influence on fetal devel-
opment is now well known and is explained in detail elsewhere in this book.
Dietary supplementation with folates around the periconceptual period to re-
duce the occurrence of neural tube defects in the fetus is the subject of health
promotion campaigns. The potential advantages of supplementing the diet with
other micronutrients at the stage of early pregnancy are less well identified.
Nevertheless, given the increased demand for nutrients, the potential for insuf-
ficient intake is high amongst pregnant women with poor diets. In their com-
prehensive review article, Koletzko et al. [9] argue that greater knowledge about
optimal supply of nutrients and other ‘functional’ food ingredients during fetal
development and early childhood could lower the risks of ill-health throughout
life and improve the chances of children realising their genetic potential. In
order to work toward optimising early nutrition, the roles of protein and the
micronutrients must be considered.

During pregnancy, women build up a store of approximately 2-4 kilograms
of fat in their bodies to support the energy requirements of lactation. In addition
to use of energy contained within these fat stores, extra energy must be obtained
daily from the postpartum diet to support breast-feeding. The proportion of in-
gested nutrients available for milk synthesis depends on the nutrient stores and
therefore on the maternal dietary intake. There is an association between ma-
ternal dietary intake and infant milk intake. The composition of the milk, par-
ticularly with regard to the content of the essential fatty acids, varies according
to the type and quality of the maternal diet. In addition to the increased energy
demand to support breast-feeding, there is an increased protein requirement,
which in well-nourished new mothers will be readily supplied from the general
increase in the size of the normal dietary intake. The vitamin and mineral re-
quirements will also be usually met by a general increase in dietary intake,
although the calcium demand is exceptionally high. If dietary intake of calcium
is not sufficient, then the lactating mother’s bones may begin to be demineralised
to meet the demand, leading to the possibility of osteoporosis in the mother in
her later years.

In the first few days after birth the milk produced is colostrum, providing
both nutrients and immunological factors including antibodies that are pro-
tective against infection in the first few months of life. This is one of the many
reasons why breast-feeding is strongly encouraged over bottle-feeding with for-
mula milk. Five types specific antibodies, or immunoglobulins, are produced,
with the IgA class being predominant. The lactating mother secretes very high
levels of IgA into the colostrum to prevent pathogens attaching to the mucosal
surfaces of the infant’s gut. A second reason is that human milk contains the
essential fatty acids (-3 and n-6) and their longer chain derivatives including
docosahexanoic acid (DHA), whereas conventional formula milks contain the
essential fatty acids but only trace amounts, if any DHA [20]. There is a great deal
of debate on whether the nutritional needs of babies can be met by the precur-
sor essential fatty acids, or whether the long chain polyunsaturated fatty acid
derivatives found in breast milk, such as DHA are also required in the diet
(because the conversion to the derivatives occurs too slowly for optimal growth
and development). The omega-3 long chain polyunsaturated fatty acid DHA
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(22: 6 n-3) is believed to help the functions of the brain and central nervous
system of the infant to develop rapidly during the third trimester of pregnancy
and the initial months after the birth. The fetal brain undergoes neuroblast
development during the first trimester and nerve glial development occurs in
the third trimester, continuing into the first year of life. Nutritional deficiency at
this critical period leads to psychomotor retardation, with long-term conse-
quences.

In addition to long chain polyunsaturated fatty acids, other components of
breast milk, for example hormones and growth factors may be important in neu-
rological development [21]. Several studies into intelligence of bottle vs. breast
fed infants have indicated that, especially if born prematurely, breast fed chil-
dren perform better in tests of development or cognition, verbal ability or school
performance as infants [21-23] and at 8 years of age [24]. Using data from
studies published over 30 years, a meta-analysis of differences in cognitive
development between breast-fed and formula-fed children, conducted by
Anderson and colleagues [25] found that breast-feeding was associated with
significantly higher scores for cognitive development.

3.6
The Weaning Process

The majority of lactating mothers can produce enough milk to meets the needs
of their infant at the four months stage. By the time that the birth weight has
doubled, at about six months of age, the quantity of breast milk that can be pro-
duced no longer supplies sufficient energy, protein, iron, zinc and vitamins A
and D. Therefore weaning must occur for further development of the child. It is
usual for babies to receive a milk-only diet up to 3 months old, then to receive
additional semi-solid food and gradually more solid food at 6-9 months in a
mixed diet until fully weaned. The main recommendation of The Department of
Health’s guidelines on weaning [26] is that solid foods should not be introduced
until the baby is 4 -6 months old, whether the baby is breast or bottle-fed. There
is much concern that this guideline is not followed by the majority of mothers
[27]. Early weaning may be associated with obesity, infection, adverse reactions
to food, respiratory illness and cardiovascular disease [28]. This association is
illustrated in a follow-up study of a cohort of 500 seven year-olds in Dundee by
Wilson and colleagues [29]. In the study it was found that the children who had
been weaned before 15 weeks of age were significantly heavier and fatter than
those (of the same sex) who were introduced to solids later. The authors also
noted that exclusive breast feeding for at least 15 weeks was associated with a
significant reduction in respiratory illness during the first seven years of life
and that early weaning was associated with the development of childhood
wheezing.

The Department of Health’s guidelines on weaning also recommend that a
mixed diet should be offered to babies by 6 months of age. Late weaning may be
associated with poor growth, a delay in pyschomotor and emotional develop-
ment and iron-deficiency anaemia (see [26]). By 6 months of age the baby’s
sources of iron, accumulated in the uterus, have depleted and breast milk is a poor
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source of iron. It is important that the weaning diet contains good sources of
iron, which may be obtained from foods such as red meat. In the UK iron defi-
ciency anaemia is the most commonly reported nutritional disorder in early
childhood, especially in poorly nourished young children and such a deficiency
may be associated with psychomotor impairment. During the weaning process
the other nutrients which are mostly likely to be inadequate in a poor diet are
the essential fatty acids, essential amino acids, calcium, zinc and vitamins A and
D [28].In addition to being rich in these micronutrients, weaning foods should
be rich in energy. The diet should not be modified to lower the fat content by in-
clusion of low fat foods before 2 years of age.

Babies should be receiving a wide variety of foods, distinguished by taste and
texture, before they are one year old. Studies on home-prepared weaning foods
have found that they may be too low both in energy and nutrients already men-
tioned; they often have high amounts of fibre (or non-starch polysaccharides,
NSP), starch and protein [30]. In the diet of young children fruit and vegetable
consumption should be encouraged. However, the diet should not be entirely
based on plant foods rich in NSP [26]; there are several disadvantages including the
possibility of diarrhoea, and the increased bulk causing a lowering of the energy
density of the diet and so reducing the bioavailability of iron and zinc. From
their survey of mothers regarding good infant feeding practices, Morgan and
colleagues [31] noted that 95% of the mothers were aware of the importance of
feeding a wide variety of foods and 76 % did rate ‘plenty of calories’ as impor-
tant. However, more than 80% of the mothers falsely believed that the infant’s
diet should be high in fibre (83%) and low in fat (88 %). Reviewing the survey
[28], Morgan comments ‘These attitudes towards infant feeding habits were
fortunately not achieved in the preparation of the diet’. Nevertheless this survey
and others indicate that there is a clear need to educate mothers on good infant
feeding practice: for example, on the fact that when using cows milk, whole milk
rather than skimmed or semi-skimmed is the most appropriate choice of drink
for children under 2 years.

3.7
Childhood

During childhood the pattern of growth and development continues to be in-
fluenced by a number of factors including heredity, hormones and the environ-
ment; and as appropriate nutrition is critical in this period, correct dietary
intake is essential. As for babies, relative to their body weight, the pre-school
and school child’s requirement for energy, protein and micronutrients is
greater than that of adults, because of the need to support rapid growth and
development in addition to the requirements for basal metabolism and physical
activity. From infancy through to puberty, the energy and nutrient require-
ments per kilogram bodyweight decline as the rate of growth decelerates
with age.

With regard to fat and carbohydrate content of the diet, human breast milk
provides a baby with 54 % of its energy in the form of fat, contains simple sugars
rather than starch, and does not contain NSP. The dietary recommendations for
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adults and older children are to consume less than 35% of calories in the form
of fat,and less than 11 % as non-milk extrinsic sugars, to eat 18 g per day of NSP
and obtain more energy from starch, at the expense of sugars and fat. During the
pre-school years the diet must be gradually modified from that required for
infant growth, development and health to that which is more appropriate for
adulthood.

To provide the child with the nutrients that will ensure proper growth and de-
velopment, and benefit their future health, the diet must be balanced. This is
achieved with foods containing protein and starchy foods (including whole-
grain cereals) and fruit and vegetables and foods that are rich in micronutrients
such as iron, zing, calcium and vitamins A, C and D. However, the young child’s
diet should not contain too much NSP, to avoid the difficulties associated with
obtaining sufficient energy and nutrients from a bulky, low energy-dense diet. It
is important to encourage children to eat a variety of foods to avoid the possibi-
lity of nutritional deficiency. The Department of Health [26] recommend that
the diet is supplemented with vitamin drops (A, C and D) where appropriate to
avoid deficiency in the transition period from weaning to eating a diet that
meets the adult guidelines at the age of 5 years.

In a national study, the National Diet and Nutrition Survey of 1'/,-4'/, year-
olds [32] it was found that pre-school children in Britain were eating in-
sufficient fruit and vegetables and iron-rich foods; 1 in every 12 children was
anaemic. Also, the children were eating large quantities of salt and sugar.
There is sufficient salt in milk and weaning foods for infant requirements and
given the suspicions that salt may contributes to hypertension in adults, it is
believed that opportunities to develop a preference for salty foods should be
limited.

As young children cannot eat large amounts at one sitting, snacks are needed
in addition to three meals each day. Although it is important that sufficient ca-
lories are provided for growth and energy requirements, snack food items
should be carefully chosen because excessive consumption of sugary foods may
result in dental caries (decay) as well as obesity. In the National Diet and Nutri-
tion Survey of the under-fives, 17% had dental caries. The published data from
the survey indicates that children with dental caries had higher intakes of sugar
confectionery and soft drinks. Since milk is cariostatic and provides many
micronutrients including calcium, it is an important drink for young children.
The Department of Health [26] recommends that pre-school children receive a
minimum of '/; litre of milk every day.

The over-consumption of foods which are high in fat, sugar or salt by child-
ren is discouraged by health professionals because an acquired preference for
these food types may last throughout life and be associated with health prob-
lems in later years. Obese children are more likely to become obese adults, with
associated risks of health problems such as cardiovascular disease. Recent
studies on the prevalence of childhood obesity indicate that approximately 19%
of five year olds are overweight and 7% are obese [33].
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3.8
Younger Schoolchildren

To meet the nutrient demands of childhood, the Department of Health [26] re-
commends that the general adult guidelines for the total fat content of the diet
(35% or less of food energy), <11% non-milk extrinsic sugars and plenty of
starch and NSPs are followed by the age of five. DRV levels have been established
for children according to age (and gender for energy) for individual nutrients.

The growth rate of pre-adolescent children is relatively slow, although growth
occurs in spurts with a corresponding effect on the child’s appetite. During the
pre-adolescent phase children grow 10 cm. taller and gain 2.5 kg in weight per
year. In this period calcium is deposited to support bone growth and fat de-
posits may be increased to provide energy for the pre-pubertal growth spurt,
when there is a change in height, body shape and composition.

As children begin school at the age of five, their diet and eating patterns are
increasingly influenced by factors apart from the family, including their peers
and advertising. The general guidelines in The Department of Health’s report on
the Diets of British Schoolchildren [34] outlined the concerns regarding the diet
of this age-group in the UK population. Children in low-income families are
those most likely to have inadequate intakes of nutrients. Children show the
same socio-economic class differences as their parents with regard to their diet
and undernutrition of children from poor families is a major concern highligh-
ted in the Acheson report on Inequalities in Health [5]. Children in these fami-
lies consume the most chips, white bread, sugar and sweets with the least milk
and fruit and vegetables.

3.9
Adolescence

During adolescence there is a rapid and substantial growth spurt toward adult
composition and body-size. Boys enter puberty with one sixth of their body-
weight as fat, but because of the deposition of lean muscle, the proportion of fat
in the body decreases to one tenth. In contrast girls also begin puberty with one
sixth of their body weight as fat, but this increases to one fourth by the end of the
pubescent phase. Between the ages of 12 and 17 years boys grow an average of
26 cm. taller and gain 26 kg in weight. Girls gain averages of 23 cm in height and
21 kg in weight between the ages of 10 and 14 years [34a].

This extraordinary period of growth and development has a profound effect
on nutritional requirements and hence on appetite. It is not surprising to realise
that there is a relatively high demand for energy and nutrients in this period:
during their adolescent period boys accumulate 200 mg/day of calcium in
their skeletons, 0.5 mg/day iron and 2 g/day protein [34a]. The DRVs set by the
Department of Health [2] take account of these needs, and for this reason the
DRV levels for intake of energy (EAR) and calcium for 15-18 year olds exceed
those for adults. The protein and iron requirement for teenage boys is also
higher than for grown men. The dietary guidelines for the adolescent period
should be met in the same manner as for the population as a whole, with a bal-
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ance between the five main food groups as shown in the ‘healthy plate’ model di-
scussed earlier.

In considering the diet of teenage girls and all women of child-bearing age,
the menstrual loss of iron must be taken into account, so DRV levels have been
set correspondingly higher than for males [2, 3]. The RNI value for iron intake of
14.8 mg/day for women is, by definition, sufficient to meet the needs of the ma-
jority of teenage girls and women, though for women with exceptionally heavy
menstruation iron supplements may be appropriate. Teenage girls and women
who are underweight and practice weight control through dietary restriction
may experience a delay in the onset of menstruation and difficulties with su-
staining menstruation cycles related to low amounts of body fat. If adolescent
girls attempt to reduce their weight by dieting then insufficient intakes of many
nutrients including iron, calcium may occur. In a study of schoolchildren in the
East End of London, it was reported that one quarter of young teenage girls had
levels of calcium, magnesium, iron, zinc and vitamin A and riboflavin below the
LRNI levels [35].

Low calcium intakes in teenage girls are of particular concern because of the
associated risk of osteoporosis in later life. Even a small increase in bone density
results in a substantial reduction in the risk of fracture and so it is important to
maximise bone density. During adolescence the rate of calcium accretion is
highest, and calcium may be a limiting nutrient for optimum bone growth in tee-
nage diets [35a]. Dairy foods provide about 60 % of the calcium in the UK diet and
populations at risk of developing osteoporosis are those who do not consume suf-
ficient dairy products. Osteoporosis affects not only older women who are oestro-
gen deficient after the menopause, but younger women, e.g. dancers and athletes
with low oestrogen levels because they are underweight or training too much.

3.10
Adulthood

Healthy adulthood is dependent on nutrition in childhood. During adulthood
there is no further growth, except for a small increase in bone mass (until the
peak is reached in early aduithood), and increases in fat deposition. In the period
of middleage, excess fat in an energy-dense diet and alcohol and an inactive
lifestyle contribute to health problems.

The prevalence of hypertension has a positive correlation with obesity,
sodium (salt) intake and alcohol consumption. Hypertension is also a major pre-
dictor of CHD and is the most important risk factor for stroke.

It is not only the percentage body fat that is important to health in adulthood,
but also the distribution. In men and in post-menopausal women intra-ab-
dominal (central) adiposity is considered to be a risk factor for cardiovascular
disease and for non-insulin-dependent diabetes mellitus (NIDDM), a disease
characterised by an increase in insulin resistance and poorer glucose tolerance.
Although adult obesity may be associated with obesity in childhood, only one
third of obese adults were overweight as children.

Adults are recommended to follow the DRV guidelines, paying attention to
the contribution of fat (<35% of calories) and saturated fatty acids (<11% of



40 3 Nutrient Requirements in Health and Disease

energy intake) and polyunsaturated fatty acids (PUFA) composition of the
dietary fat. At the population level, the current UK intake of fat is too high, at
39% of food energy [36], and it is not unusual for British adults to consume a
diet in which >50% of the calories come from fat often containing a high pro-
portion of saturated fatty acids.

The habitual consumption of diets rich in fats and saturated fatty acids pre-
disposes the population to risks of CHD and certain types of cancer. There is epi-
demiological evidence for the lipid hypothesis’ of CHD, which states that dietary
fat consumption alters blood lipid levels and that elevated blood lipids exacer-
bate atherogenesis. The clinical symptoms of atheroscelosis include myocardial
infarction and stroke. Certain dietary saturated fatty acids, including myristic
acid, have a marked plasma cholesterol-raising effect and dietary cholesterol has
a more modest effect. PUFA, including linoleic acid and monounsaturated fatty
acids (MUFA, chiefly oleic acid) in the diet have a modest plasma cholesterol-
reducing effect, though less potent than the elevating effect of some of
the saturated fats. In adults with abnormally high plasma cholesterol levels
(= 6 mM), cutting the total amount saturated fat and cholesterol-rich foods in
the diet may reduce plasma cholesterol. However, the body can synthesise
cholesterol and therefore restricting dietary cholesterol may only have a rather
modest effect on blood lipid levels.

The major cholesterol carrying proteins are low-density lipoprotein (LDL)
and high-density lipoprotein (HDL). The plasma LDL cholesterol concentration
is a predictor of the risk of CHD, whereas HDL cholesterol concentration is in-
versely related to the risk. Recent evidence has suggested that there are specific
and unique effects of individual fatty acids on plasma cholesterol and its distri-
bution between the various lipoprotein classes. In the near future it seems likely
that this knowledge will be used to consider the fatty acid profile of fats and oils
to provide specific LDL cholesterol lowering dietary recommendations [37],
though none are available at present.

3.11
Older Years

Nutritional requirements in later life are similar to those for younger adults and
although energy needs are reduced because of a reduction in basal metabolic
rate and in physical activity, there is no reduction in the requirements for most
essential nutrients. The report on the Nutrition of Elderly People [38] recom-
mended that the majority of people over 65 years maintain a diet similar to that
for younger adults. The UK DRV for nutrients for those over 50 years are given
in the Department of Health’s guide [2, 3].

Elderly people are at risk of poor nutrition as a consequence of the ageing
process, an increased incidence of disease, and psychological and social factors,
including poverty. (It is interesting to note that life expectancy at 65 years is
2.5 years greater for men in social classes I and II compared to social classes IV
and V [5].)

Ageing is characterised by a decline in physiological function and changes in
adult body composition. Changes in body composition which occur in old age
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in the ‘healthy elderly’ start with the menopause in women and continue until
about 70 years of age. For men, similar, though less severe changes appear at ab-
out 60-70 years [39]. Total body water decreases from middle-age in men and
from about 60 years in women. By 70 years of age, 40 % of skeletal muscle mass
has been lost compared with that in young adult life. However there may be an
increase in body fat up until the age of 70-80 years, and therefore change in
body weight and/or a change in shape, with increasing intra-abdominal deposi-
tion of body fat. As for other age groups obesity is a common problem and be-
cause of the excess weight, obese elderly people are likely to suffer from age-re-
lated conditions more severely, for example, cardio-respiratory problems and
osteoarthritis of the knees.

Decreasing bone-mass in both men and women is one well known character-
istic of old age. The process begins in middle age. Bone mineral and matrix
disappear more rapidly than deposition of bone tissue and the rate of loss for
women accelerates dramatically in the early post-menopausal years, about 5
years after the menopause. During this period bone mass may decrease at a rate
of 3-5% per year [40] and osteoporosis, a condition of the reduced bone den-
sity, is the major underlying cause of fractures in the elderly. Older women in
particular should avoid low calcium intakes by consuming dairy products to re-
duce the risk of osteoporosis and fracture. As vitamin D is essential for calcium
absorption and utilisation, adequate dietary intake of this vitamin is necessary
for the housebound elderly whose synthesis of vitamin in the skin is poor.

Immunocompetence also declines progressively with age, but varies between
individuals and depends also on the quality of the diet. Lowered immunity is
associated with a poor nutritional status and is linked to protein, zinc and vita-
min levels. Protein-energy malnutrition results in impairment of cell-mediated
immunity and the affinity of antibodies for antigens may be reduced. Alterations
in protein metabolism and hence concentrations of the amino acid glutamine,
produced by the immune system at times of stress, also lower the immune func-
tion: response to an infection may be impaired when glutamine levels are too low.

Cancer is associated with depressed immunocompetence and the decline in
immune function with advancing age is linked to the development of cancer. An-
tioxidant nutrients, including f-carotene, vitamin C and vitamin E are believed
to influence immunocompetence and cancer development. Interactions between
nutritional status, the immune response and cancer are complex, but it is
thought that antioxidant status may modulate the immune response in cancer.
The over 85 s are the most vulnerable age group and also the group most likely
to experience problems with diet.

Life expectancy depends on genetic, environmental and dietary factors. Death
is inevitable and whilst the maximum human life span is around 120 years of
age, few achieve this. However, many do live to 85 or more years of age. Older
people in western countries (including the UK) often die of myocardial infarc-
tion or cancer. It may take many years for the accumulation of all the different
changes in DNA within the body’s cells that eventually result in the development
of cancer, and with a few notable exceptions, for most cancers the rate of inci-
dence rises very sharply with age. 30% of people have cancer by the age of
85 years of age [41].
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3.12
Conclusion

In the 19th century, at the time when Bennet wrote the first edition of his book
‘Nutrients in Health and Disease’, about a quarter of the children born died
before the age of five and infectious diseases were the major cause of death in
Britain, with one in every three deaths attributed to infection in the 1850s.
Thanks to major advances in public health, including nutrition, infectious dis-
ease has become an insignificant cause of death in the UK.

In Britain today circulatory diseases are the most important cause of mor-
tality. In England and Wales in 1999 the main causes of death were heart disease
(21%) and cerebrovascular diseases (10%) with a further 25% of all deaths from
all cancers [42]. Almost 90,000 people die each year before 65 years of age and of
these 32,000 die of cancer and 25,000 of heart disease, stroke and related illnes-
ses [43]. The fact that many of these deaths could be prevented is highlighted in
the UK Government’s published targets to reduce deaths from these causes [7].
Although these diseases are multifactorial in their aetiology, many of the deaths
are related to poor diet, and many of the diseases are indeed ‘the diseases of
affluence’. Despite major improvement in the safety and quality of food and
in diet, the concerns about diet related diseases and mortality are stronger
than ever.

Even with our vast knowledge of human nutrition, much remains to be learnt,
especially regarding public health nutrition. Achieving dietary change in the
population represents a major public health challenge [7]. In developing ap-
propriate strategies we should consider that perhaps some of our problems
stem from the fact that our diet is increasingly influenced by psychological and
socio-cultural factors at the expense of our physiological needs as we progress
through our life span from birth to death.

It is interesting to consider Bennet’s 19th century observation on the distinc-
tion between animals and human beings with regard to diet selection:

‘Food contains the required chemical elements of nutrition in variable propor-
tions, and instinct guides man and all animated beings in the choice of the kind
of food required by his and their organisations. This instinct, however, may be
and often is, marred or perverted in man. The food instinct is not so strong with
him as it is with the brute creation, the members of which generally limit them-
selves to the kind of food upon which nature has intended him to live and thrive.
Perhaps it is so because he has reason to guide and direct him. It therefore behoves
man to make use of his reason, to study himself, and thus direct his appetites and
food-desires.”

On entering the 21st century we still have much to learn about ourselves and nu-
trition, in health and disease.
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4 Placebo and Panacea:
The Healing Effect of Nutritional Supplements

Nicholas W. Read

No less than forty per cent of the British population take regular nutritional sup-
plements. Most take cod liver oil capsules and multivitamin tablets, but evening
primrose oil, minerals and herbal remedies are also very popular. Nutrition sup-
plements now constitute a multimillion pound industry. At the last estimate, the
figure for the total cost of nutrition supplements had risen to an astounding 360
million pounds a year [1] and the market is set to increase for at least another
four years. Self medication with supplements has increased in parallel with the
use of alternative or complementary therapy. One in five Britons now use com-
plementary therapies, while in the United States, there are more visits to pro-
viders of alternative medicine than to primary care physicians [2]. Similar trends
are occurring throughout the developed world. For example between 25 and
75% of people living in the UK, Holland, Germany, Finland and Australia un-
dertake some form of alternative or complementary therapy to treat the chronic
malaise that orthodox medicine does not help. Japan spends one and a half
billion dollars per year on herbal (kampo) remedies.

There seems little biological justification for such widespread use of nutritio-
nal supplements among people living in developed countries. Only the very old
and infirm or those suffering from severe gastrointestinal disease causing mal-
absorption suffer symptoms of vitamin and mineral deficiencies. Nutritionists
may argue that many people need supplements because modern western diets
consist of ‘fast’ or ‘convenience’ foods that are unbalanced and deficient in
micronutrients. This argument is difficult to sustain. The large amounts of meat
that are consumed by most Western populations contain many of the vitamins
and minerals that we need in ample quantities. Fruit drinks often contain added
vitamin C and breakfast cereals, bread, fat spreads and many other foods are
fortified with vitamins and minerals. In fact, the diet of Britain and other devel-
oped countries is more likely than ever before to contain all the nutrients we
need in sufficient proportions for optimal health [3-5]. How else would we ex-
plain the secular increases in average height, weight and reproductive life span?
It is not so much that nutrition in the population of most western countries is
deficient, it is more that it is excessive. Obesity and the diseases that are asso-
ciated with it are arguably the biggest nutritional problem in our overdeveloped
society.

So what is going on? Why have so many people turned to self medication and
alternative therapies? Are we really a sick society? Or have we become a race of
hypochondriacs, who spend our time worrying about the illnesses we might get
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
© Springer-Verlag Berlin Heidelberg 2001
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if we don’t take supplements? And are we so disillusioned with the ability of our
health care systems to look after us that we have to seek alternatives? There is
some truth in all of these postulates.

The 40% of the population that consume nutritional supplements are not the
elderly, the underweight, those sick with other illnesses, or those consuming an
inadequate diet. As Kirk and Cade reported in a recent paper, ‘there is evidence
that many of those who use supplements do not actually need them to meet a
deficiency of nutrients’ and in addition ‘supplement users are already health
conscious’ and have ‘a high consumption of fruits and vegetables’ [6, 7]. They
might be characterised as the worried well or perhaps more accurately, the
worried and unwell. They include middle aged people concerned about getting
old, mothers worried about the health of their children, high pressure executives
exhausted by the demands of their work, young people eager to attract a mate,
those who are stressed out and need something to help them cope, and people
with so called ‘functional’illnesses that are difficult to diagnose and impossible
to cure and strongly associated with emotional upset. For them, nutritional
supplements seem to act as charms, talismans or amulets that ward off evil in-
fluences; psychobiological regulators that rectify emotional and visceral activity
by conveying a feeling a safety and confidence. This in essence is the placebo or
healing effect.

The purpose of this chapter is not so much to examine the scientific claims of
various supplements; that has been done in other chapters in this book. It is
more to examine the effects of supplements in a generic sense by exploring how
belief in their efficacy causes people to feel better. There is certainly some biolog-
ical justification for giving iron and folic acid supplements to pregnant women
and those about to become pregnant, and perhaps for enhancing the diet of teen-
age girls with calcium, but does Vitamin E really improve your sex life and are
megadoses of Vitamin C really a good idea to ward off winter colds? These and
the claims for many other nutritional supplements do not stand up to scientific
scrutiny. So should most supplements be dismissed as useless? This would seem
counterproductive when so many people feel so much better taking them. Such
beneficial outcomes, however, may have little to do with their biological effects
but are probably related more to what particular supplements represent for the
people taking them. If a person expects a supplement to make him better and
this belief is endorsed by health professionals and by the media, then there is
every chance that he will feel better [8]. It seems likely therefore that most nu-
tritional supplements act as what are popularly known as placebos. In other
words, they work by faith, by suggestion, tapping into the people’s beliefs, rein-
forcing their expectations, restoring their self confidence and putting them in
control of their own health. There is nothing wrong, duplicitous or substandard
in this. It is, after all, the central component of healing. All devices used to treat
or prevent disease must exert some placebo effect; the fact that they may also
have a direct action on biological processes just enhances the ‘patients’ healing
sense of confidence in the treatment.

T know that just seeking and receiving treatment made me feel better, less disabled,
less distressed, more hopeful - and this in turn may have speeded my recovery’ [9].
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It is important that we do not dismiss or underestimate the notion of faith or
belief in the prevention and treatment of disease. Instead, we should seek to un-
derstand it better and use that knowledge responsibly to improve the health of
our fragile society.

This chapter is divided into four sections. The first section will explore why
so many people in our society feel unwell. The second considers the nature of the
placebo effect and how it may be enhanced. The third argues why nutritional
supplements make excellent placebos. And the final section discusses the ethics
of prescribing and marketing placebos in the guise of nutritional supplements.

4.1
Why Do So Many People Feel Unwell

Feeling unwell does not necessarily imply that a person has an infection, a can-
cer or any other obvious biological illness, it is about feeling insecure, exhausted,
hopeless, helpless, depressed, fragmented, angry, panicky and out of control.
The nearest we can get to a definition may be to say that feeling unwell is a pro-
longed state of negative emotional tension. This may be a reaction to a physical
illness but in many cases it is not. Emotional tension is generated by events that
overwhelm or undermine our ability to cope and by situations in which our
sense of integrity and self confidence is threatened. This happens when we are
ill but it also happens when we run short of money, when our children leave
home, our parents get ill and die, the company we are working for runs short of
orders, our partner spends more and more time away from home, our marriage
fails [10]. Tension is created in the conflict between the clinging to the familiar
and needing to risk change; between holding on and letting go.

The term ‘emotion’ implies that which causes movement. It is what makes us
change, adapt and grow to accommodate an ever increasing range of experience.
If we dare not respond to the emotional imperative for fear of risking loss and
disintegration, then we are left with the tension of indecision and the frustration
of feeling trapped or stuck. This chronic state of tension, which is mediated by
the sympathetic and parasympathetic nervous systems, may be discharged not
only through emotional expressions of panic, anger and depression but also by
physiological changes resulting in symptoms of tiredness, headaches, insomnia,
bowel upsets, and indigestion. These physical symptoms are ‘self protective be-
cause they divert attention from the ‘impossible’ situation causing the emotional
tension and focus effort on the quest for a cure for the physical illness.

People with chronic anxiety, panic, depression and ‘functional’ somatic symp-
toms show impaired regulation of the physiological responses to threat, which
are indicated by exaggerated or suppressed activity in the autonomic nervous
system and the hypothalamo-pituitary-adrenal (HPA) Axis that secretes the
stress hormone, cortisol {11]. Prolonged emotional tension does not just cause
‘functional’ symptoms, it can result in actual pathological change. The links
between psychological tension and so called ‘organic’ disease is well document-
ed in hypertension, peptic ulcers, ulcerative colitis, thyrotoxicosis and coronary
heart disease. Such illnesses come to provide an identity, a sense of meaning for
the patients suffering; something palpable and tangible, a valid reason for feel-
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ing ill and for seeking help that avoids the need to acknowledge the real reason
for the emotional tension.

Psychological and functional symptoms are becoming much more common
than they used to be. In the UK, symptoms that have no obvious pathological
basis account for at least 20% of family doctor consultations and 35% of spe-
cialist referrals [12]. Similar figures exist for other western countries. But this is
just the tip of the iceberg. Statistics indicate that 30 to 40% of people, living in
the developed countries of the world suffer from chronic tiredness, 40% from
dyspepsia, 15% from backache, 20% from chronic bowel disturbances, 20%
from recurrent abdominal pain, 50% are overweight and 35% of young women
suffer from severe premenstrual symptoms. Anxiety and depression affect 20 %
of women and 13% of men [13]. Literally, millions of people are tortured by
headaches, racked by back pains, tormented by abdominal gripes and embar-
rassed by diarrhea. Ringing in the ears, exhaustion, sleep deprivation, constipa-
tion, debilitating nausea, faintness and anorexia are also common. Nearly half
the population is overwhelmed by the burden of obesity. Many are terrified by
shortness of breath or chest pain, or too anxious, too depressed and too sick to
cope. But why is this?

The simple answer is that the lives of so many people living in our post-
modern Western culture seem to lack that sense of consistency and stability that
contains and processes emotional tensions. We appear to be a fragile society,
out of kilter with the environment we have created for ourselves. In the early part
of this century, people would marry life for life, bring up their family in the same
home, work in the same job, and live in the same town until they died. Nowadays
the average person living in many ‘western countries’ would expect to change
jobs three or four times, marry twice and move home five times. At no time in
our history has human society gone through a greater period of change with
such unprecedented acceleration [14]. People no sooner get used to the emotio-
nal tension induced by one set of changes than another hits them. And like Lon-
don buses, changes tend to come in groups. For example, a change in job can
mean moving house, separation from family members. There is no time to re-
flect and come to terms with what is happening. More than ever before, people
have to live with an existence that is unstable and unpredictable. The threat of
marital disruption, job loss, moving house are always there, providing a constant
undercurrent of emotional tension. The dramatic increases in the prevalence of
functional disease and depression during the last forty years and demand for
self medication may well reflect the difficulties that people have experienced in
coming to terms with the changes in their lives.

People vary considerably according to how they respond to the same life
events. Some seem to have the self confidence and emotional containment to
deal with whatever life throws at them while others seem to panic and despair at
the slightest turn of fortune. There are few people who would not experience a
sense of fragmentation during marital separation or divorce, a loss of self confi-
dence during unemployment, a sense of personal desecration after a violent or
sexual attack, a dreadful emptiness after the death of a child. Such awful events
would make most people ill. But some people are so vulnerable and on-the-edge
that they may become unwell as a result of everyday events such as being ignor-
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ed by an acquaintance or having an argument with a colleague. Many are con-
stantly tormented by the ever present worry of old age, loneliness and illness.
Such sensitive souls need the support of friends and family, the security of their
home and marriage, the importance of their role in the workplace and the sense
of identity conveyed by their possessions, the holidays they take, the causes they
espouse, their faith, the football learn they support to reinforce their fragile inte-
grity. Loss of any of these factors can leave them exposed to feelings of chaos and
fragmentation.

Our ability to regulate our emotional responses is developed early in life
through interaction with our parents [15,16]. The infant is born helpless into the
world, reacting to changes in his environment with obvious physiological dis-
tress. His interaction with the environment has to be mediated and regulated in
the first instance by his ‘mother’!, who not only feeds him, protects him, and
keeps him warm and clean, but also provides the security and containment, in
which basic biological rhythms of sleep and feeding and more complex reper-
toires of behaviour are inculcated by the aid of subtle signals such as smiling,
gentle touch, modulation of speech and eye contact [17]. As the infant grows, he
develops the mental space and self confidence with which to regulate his own
physiological and behavioural responses through the consistency of the rela-
tionship with his parents. Slowly he learns to create a safe place in his mind,
comforting himself with a piece of cloth or a cuddly toy, which he imbues with
special meaning [18], and reassuring himself with nursery stories, with their
images of family unity and recovery from danger. The relationship with father
creates another viewpoint to take on board, while the spreading network of
family and friends and ever increasing encounters with a wider world provide
a multitude of perspectives and experience allow the growing personality to
achieve sufficient emotional maturity, individuality and independence to deal
confidently with the vicissitudes of human society.

The acquisition this space in the mind to think, to disarm threat by seeing it
in perspective with insight and understanding based on life’s experience so that
it can be dealt with calmly and efficiently, is the secret of growing up into an in-
dependent and functional adult. It starts in infancy through the combination of
a consistent relationship with parents and the allocation of tolerable absences
and proceeds through relationships with a wider world. Failure of the relations-
hip with his mother and/or the absence of a father can leave the ‘grown up’ child
without sufficiently mental resources to cope calmly with the changes and ad-
versities that affect us all and too dependant on external factors; possessions,
family, friends, home, institutions and beliefs to hold the personality together.

' In this context and in the rest of the article, the term mother does not necessarily imply any
genetic connection but means one who performs the mothering role, is the primary cater in
the person’s early life. I realise this is not always the case. Some fathers have primary res-
ponsibility for their children from birth and there may be nannies, childminders and rela-
tives who perform the mothering role. Similarly, the term father is used to denote the role of
the father in providing another perspective and a conduit to an engagement with a wider
world. Finally, I have also chosen for the sake of simplicity to use the word he as a general
personal pronoun even though there is at least a 50 % chance it could be ‘she’.
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The subsequent loss of any of these factors can leave the personality exposed to
raw feelings and tensions, which may be expressed through anxiety, disturbed
behaviour and visceral upset.In metaphorical terms, the hero is left at the mercy
of his demons, which make him ill and can only be banished by the use of magic
charms or spells. Immature thinking is notoriously black and white.

The demands of work, the erosion of family ties, the fragmentation of societal
structures have made it increasingly difficult for modern parents to get it right.
Fathers may not be around enough to form the vital other relationship with their
developing infant and provide a containing environment for the family. Mothers
feel unsupported and struggle to cope. Some may abandon their infants in front
of the television and placate them with food and treats while they get on with the
jobs that need to be done. Others may overcompensate, shielding their infant
and themselves from the harsh realities of independence by doing everything
for them. In either way, the child does not get the social environment he needs
to develop the emotional maturity to become fully independent. As the psycho-
analyst, Eric Brenman put it,a mother, who is unsupported and feels she may not
cope, communicates that anxiety to her infant and provides a tense and erratic
environment. At the same time, she tries to deny psychic reality and avoid the
catastrophe she creates by placating her infant with treats and toys [19]. Such
a child may become a fragile and vulnerable adult who can easily feel over-
whelmed with modem life and needs help from medicines and nutritional
supplements just to keep body and soul together.

This existential sense of fragility is exacerbated by the undermining of the
institutions that made up structure of our society and provided a sense of
safety and containment. The authority of The Church, ‘The Government’, ‘The
Monarchy’, “The Law’, ‘The National Health Service’, and ‘The Family’ has un-
dergone a steady erosion in the last fifty years. This has left a vacuum in which
vulnerable and insecure people flounder around looking for some sense of
meaning in their lives, a code of ethics,a model of behaviour, a basis for belief and
attitude. Nature and society abhors a vacuum and so the space is being filled by
the all powerful mass information media. But instead of providing a focus of sta-
bility, the television, radio, magazines and the Internet generate messages that
are confusing, contradictory, sensationalist and at times quite irresponsible.
Far from being contained, our insecurities are fuelled by the idea, promulgated
by the media, that no aspect of our modern life is without threat. The food we
eat, the water we drink, the air we breathe, the cars we drive, the work we do,
the sex we enjoy, even the phones we use; all are potentially dangerous and
can shorten our lives, sometimes quite dramatically, or so the media would
have us believe. We are constantly alarmed by the risks to our health caused
by aspects of living that we tend to take for granted. With the reputation of the
medical profession at an all time low, no wonder so many people are turning to
alternative or complementary therapies and to nutritional supplements to keep
them going.
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4.2
The Placebo or Healing Effect

If disease or fears of disease are caused by tensions related to difficulties in cop-
ing with life situations, then it stands to reason that anything that calms these
tensions and restores a feeling of self confidence will make the person feel bet-
ter. The ‘Placebo Effect’ underlines the importance of faith and confidence in
healing. Placebos work by suggestion [20]. They are medicine at the level of the
idea. The recipient has faith in the therapeutic idea, and the ensuing feelings of
self confidence and control normalise the activities of the sympathetic and pa-
rasympathetic nervous systems and the HPA axis, reducing emotional tension
and restoring visceral function [11,21].

It is unfortunate that the term that we tend to use for such a powerful and im-
portant healing phenomenon is the ‘placebo effect’. It would be much better and
straightforward to call it the ‘healing’ effect and seek to understand the science
of healing better. The administration of placebos smacks of charlatanism,
quackery, trickery and is generally seen as intellectually dishonest. This negative
connotation is implicit in the origin of the word. In Latin, placebo means, ‘I shall
please’. It is the first word of the vespers for the dead, which according to Chris-
tian liturgy contain verse 9 of Psalm 114 which begins, ‘Placebo domino in re-
gione vivorum’ (I shall please the Lord in the land of the living). In the 12th
century, these vespers were commonly referred to as placebos, a popular term of
derision applied to the incomprehensible nature of these rituals [22]. By the 14th
century, the term had become secular and pejorative, suggesting a flatterer or
sycophant - a meaning probably derived from the depreciation of the profession-
al mourners, who were paid to sing placebos. So even in the middle ages, the
placebo did not have any definitive action but was applied to help the aggrieved
cope with their loss and feel better. When the word entered medical terminology,
the negative connotation stuck. Placebos were burlesque and counterfeit medi-
cines, often sold at fairgrounds; pills containing dough, sugar and coloured
water, whose effectiveness was related entirely to the charisma of the showman.

‘I'm O.D. Colognie, the one and only. I've been standing on this bridge since Fri-
day selling Doctor Carter’s pink pills for pale people. Guaranteed to purify the
blood and make the skin like velvet. Take on an empty stomach and they won’t roll
off. If the pills don’t work, stick the label on the chest and swallow the box.’

Related to the author by his father, Mr Wallace Read

Although most practitioners would be reluctant to acknowledge it, almost all
complementary treatments and most of the so called ‘active’ treatments em-
ployed by orthodox medicine probably owe much of their efficacy to the placebo
effect. All therapeutic procedures must act at least in part at the level of the idea
by inspiring a sense of confidence and belief in their efficacy. Orthodox medi-
cines derived much of their effectiveness because they were prescribed with all the
authority of national health institutions and reinforced by medical research. The
antibiotics prescribed for colds and sore throats, the antispasmodics for irritable
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bowels, the vitamin tonics for people who are run down, are difficult to justify
on the data derived from controlled clinical trials, but nevertheless they help a
lot of people. This is not necessarily bad medicine. Why shouldn’t people have
treatments that make them feel better? And it is not necessarily dishonest. All of
these treatments have some degree of scientific credibility. The prescription of
drugs with little or no relevant biological efficacy by doctors and complemen-
tary practitioners is not necessarily an intentional deceit. They are usually pre-
scribed in good faith. The doctor believes in them and the patient gets well be-
cause he believes in the good faith, backed up by science and authority. This
has always been an essential aspect of healing. Indeed, the history of medicine is
largely the history of the placebo effect [23].

The insistence of pharmaceutical regulatory authorities on objective evi-
dence has probably undermined the effectiveness of many of the remedies that
patients believed in. This may have contributed to a public disillusion with or-
thodox medicine and led to the increasing popularity of herbal remedies, nutri-
tional supplements and complementary therapies. But now the randomised
double blind controlled trials of efficacy, the foundation stone of evidence based
medicine, is showing hairline cracks with convincing suggestions that patients
can tell from their bodily sensations whether they are receiving the active drug
or the placebo. [24]. We should therefore be very cautious lest we sacrifice this
essential component of healing on the altar of The National Institute of Clinical
Excellence. Instead of trying to restrict the prescription of otherwise useful
remedies through the artifice of randomised controlled clinical trials, medical
institutions might do better to understand the harness the therapeutic power of
the placebo or healing effect.

Placebos are remarkably effective. Roberts and his colleagues have argued
that when prescribed with conviction by an enthusiastic practitioner to a patient
who has placed his faith in the efficacy of the medication, then response rate is
near 100% and the effect can last for years [25]. For example, good or excellent
cures of cold sores were reported in 85% patients taking the immunomodulat-
ing drug, Levimasole, even though its efficacy was not supported by double
blind control trials. The placebo effect can be so convincing that the expected
dose ranging effects and the expected unwanted side effects are reported [26].

In therapy and prevention, the idea is as important as the biological effect and
in many cases more so. The use of willow bark to treat fevers and aches and pains
was a powerful idea since willow grew in swampy areas where fevers and agues
were common. The fact that extracts of willow bark also contained aspirin,
which has a biological antipyretic and anti-inflammatory effects, not only en-
hanced its biological efficacy but made it a very effective placebo. Peruvian bark
carried the same idea, tinged with a touch of the exotic. It contains quinine. We
cannot disconnect placebo effects from biological efficacy. Placebo effects are
part and parcel of all biological treatments. The knowledge that a treatment has
some biological action, especially if this can be perceived by the patient, gives
the treatment ‘credibility’, and this enhances its therapeutic efficacy. The doctor
can prescribe it with conviction and the patient can take it with confidence.

Ian Wickramasekere, Professor of Psychiatry and Behavioural Sciences at
Stanford University Medical School has argued that successful therapy requires
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the appropriate combination of faith and science [21]. Blind faith without rein-
forcement by science may eventually lead to disillusionment and extinction of
the healing effect, while a drug that has an appropriate biological action but is
administered without the personal endorsement of the physician can resultin a
loss of efficacy due to tolerance and habituation. As Rousseau wryly commented
as early as 1854, You should treat as many patients with the new drugs while they
still have the power to heal’.

Credibility is the vital factor in the healing effect. As Christian X', King of
Sweden, is quoted as saying, ‘We console ourselves with our delusions and our
imaginings’. The patient has to believe that the treatment is special, and if the
doctor believes it too, so much the better. Voudouris and his colleagues, demon-
strated the therapeutic power of belief in an elegant experiment in which an
analgesic cream was used to treat the pain induced by applying an electrical cur-
rent for the forearm [27]. The current was reduced in half of the subjects, giving
the impression of greater analgesia. The subjects in whom the current was re-
duced continued to experience greater analgesic effects of the cream. The placebo
works by conditioning, recruiting memories and ideas that are associated with
health. Kirsch found that simply calling relaxation therapy, hypnosis, doubled its
efficacy in obesity [28]. The propaganda that our diet is unhealthy is etched deep
in our unconscious, so redressing the balance with nutritional supplements is a
powerful therapeutic idea that must make the people who take supplements a lot
better. Nevertheless this therapeutic belief can be influenced by the way it is pre-
sented. For example, larger capsules have a greater effect than smaller ones [29],
and the enormous and expensive Vitamin C tablets, that are a little larger than a
pound coin, are particularly influential. Red pills are said to work better than
white for anaemia. Vitamin supplements are usually sold as red or orange cap-
sules. Zinc tablets sold in metallic grey packaging. Evening Primrose Oil is sold
in yellow packaging. The packaging is all important because it reinforces the
therapeutic belief.

It is not just the proven biological action of the medication that determines
the therapeutic efficacy, it is more the way the treatment is given. The most
active treatments are rendered useless or are complicated with unwanted side
effects if the prescription is tossed across the desk without establishing a sense
of connection with the patient. Conversely, sugar pills administered with au-
thority, after eliciting a detailed history and conducting a careful examination,
can be remarkably effective [30]. This is the essence of the placebo effect. It
harnesses the patients own powers of recovery by implanting the idea of being
cared for, inspiring confidence and reducing tension.

A treatment that is concordant with the patients own convictions may well
work better for certain conditions than a treatment that has a more potent bio-
logical action but which the patient feels uneasy about. That is why so many
complementary therapists spend time trying to understand the relationship
between the patient and illness and design the treatment to fit the patient, his
disease, personality and life experience. This detailed and serious attention to
the patient and the design of a special treatment for that patient inspires the
faith and confidence that will put the patient on the track to recovery. This is the
art of medicine.
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Special instructions for when and how the medication is taken enlists the
patients involvement in the therapy and helps to reinforce the therapeutic idea.
I have found that the anion exchange resin, cholestyramine can be remarkably
effective in treating patients with intractable diarrhoea, even when patients say
they have taken it before. I explain how bile acids can irritate the colon and cause
diarrhoea and how cholestyramine has a special action in binding bile acids.
I emphasise to the patient how important it is for them to take the sachet in
water 20 minutes before their meals and titrate the dose with the size of the meal.
I also encourage them to keep a record of how they have taken the medications
so that I can check it the next time I see it.

The way the doctor behaves has an enormous effect on the effectiveness of
any prescribed medication. A doctor, who appears calm and confident and ex-
udes a serious air of conviction and authority, pays careful attention to the pa-
tient’s history, and offers an unhurried explanation of why a particular remedy
is likely to be effective, will inspires in the patient a therapeutic feeling of con-
fidence and trust and obtain good responses to treatment. In contrast a busy
clinic, a rushed appointment and an exasperated doctor makes the patient feel
he has not been listened to, that the doctor does not know what is wrong and
does not really care.

Props are important. The consultant’s dark suit, the framed medical qualifi-
cations, the polished brass plate on the gate, the ordered desk and respectful
nurse are traditional artifices that create the impression of confident authority.
In contrast, the sloppy-jo jumpers, open neck shirts and ‘hush puppies’ that so
many family doctors wear these days, may create the notion of a friendly neigh-
bour you can talk to over the garden fence but may not exactly inspire confi-
dence. After all, who wants to talk about their piles to the next door neighbour!

The medical consultation can be seen as a piece of theatre, and the skilled ex-
position of this can dramatically amplify the therapy. Many traditional forms of
healing created an atmosphere of authority and awe, that intensified the healing
effect. The healing temples of Ancient Greece, the chanting and dances of the
African witch doctors, the Red Indian medicine men, the aboriginal healers,
conveyed the impression of a special communion with an all powerful spirit
world. In the middle ages, all illness was thought to be related to possession by
the devil. Only the grave and serious monks in their black habits and towering
abbeys had the God given authority and power to exorcise demons.

A French doctor had a patient who was convinced he was possessed by the devil.
The doctor called in a priest and a surgeon, meanwhile equipping himself with a
bag containing a live bat. The patient was told it would take a small operation to
cure him. The priest offered up a prayer and the surgeon made a slight incision in
the man’s side. Just as the cut was given, the doctor let the bat fly, crying “behold,
the devil is gone.” The man believed it and was cured [31]’

Some of the greatest healers in the past were consummate actors and their hea-
ling was accompanied by elaborate theatrical preparation. Anton Mesmer used
to dress up in a cloak and pointed hat covered in moons and stars and connect
his patients to a tub full of iron filings. This created powerful theatre and tapped
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into the new ideas on electricity and cosmology that were prevalent in the cul-
ture. Human disease, like other aspects of human behaviour, is a product of the
prevailing cultural ideology {32] and therefore any healing method must tap
into the same ideas.

Although few contemporary healers would go as far as Mesmer, the proces-
sional ward round of serious white coated healing ‘priests’ with their unique
access, the theatrical conclave in the middle of the ward and the bewildering
authority of medical science conveys a similar therapeutic sense of awe and
authority. The following contemporary scenario illustrates how effective a sim-
ple bit of play acting can be.

‘The patient was very demanding and difficult to please and claimed to suffer con-
tinuous agony from her ulcer. All of the many mild to moderate analgesics were
useless and I did not feel opiates were justified, so I asked the advice of my im-
mediate superior. The superior saw the patient, discussed her pain and with a grave
face, said he wanted to try a completely different sort of treatment. She agreed. He
disappeared into the office, to reappear a few minutes later, walking slowly down
the ward and holding in front of him a pair of tweezers which grasped a large,
white tablet. As he came closer, it became clear (to me, at least) that the tablet was
none other than effervescent Vitamin C. He dropped the tablet into a glass of
water which, of course, bubbled and fizzed, and told the patient to sip the water
carefully when the fizzing had subsided. It worked - the new medicine completely
abolished her pain’ [33].

The doctor was able to ensure the patients positive therapeutic response
through his attitude of authority, gravity and seriousness and by providing a
special treatment that was so powerful that it fizzed in water and had to be hand-
led with great care.

Injections are more powerful placebos than tablets [34]. Injections of normal
saline have cured everything from angina to asthma and from vomiting to ver-
tigo. The analgesic effect of placebos is greater when the patient thinks he is
receiving an injection of morphine than other analgesics [26, 35, 36]. Patients in
the Villa Maria Roman Catholic mission hospital in Masaka, Uganda, where I
worked in 1967, would insist on having a ‘Murphy’, the injection of coloured
saline named after the Irish doctor who had popularised it.

Surgical operations have a greater placebo or healing effect than other forms
of treatment. The operating theatre with its gowned and masked players, the
quiet atmosphere of concentration and the intimacy of the entry into the pa-
tients body conveys an awesome impression. There can be no more powerful
an idea than the notion that somebody is going to cut the body open, identify
what is wrong and remove the badness. This requires an attitude of paramount
authority on the part of the surgeon and one of absolute trust on the part of
the patient. In the late 1950s, researchers led by Edmunds G. Dimond of the
University of Kansas Medical Centre showed that a sham operation, in which
an incision was made on the chest wall was more effective at improving the
pain of angina than the then fashionable ligation of the Internal Mammary
Artery [37].
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Hypnosis is pure theatre, and as well being a powerful therapeutic technique,
is a popular form of stage entertainment. Hypnotherapy is the most direct ap-
plication of the therapeutic power of suggestion and credibility. A trance-like
state of relaxed and focussed concentration is induced using techniques of imag-
ery, progressive muscular relaxation and a slow repetitive vocal cadence. This
altered state of consciousness renders the patient particularly susceptible to the
therapists suggestion. The mental imagery created in hypnotherapists sugges-
tion can create changes in blood flow, [38] brain waves and bowel function. Dr
Peter Whorwell uses hypnotherapy to treat The Irritable Bowel Syndrome [39].
He tells his patients to envisage their bowels as a river. If they are constipated he
suggests that their river is stagnant and murky and encourages them to change
it to a highland stream where the water is clear and tumbling merrily over rocks.
I remember applying Whorwell’s technique to one of my constipated patients
and induced a merry attack of diarrhea that kept the patient confined to home
for the next week. The next week I had to slow the stream down to a river gently
meandering through meadows and that afforded a more regular bowel habit.

Hypnosis is like the placebo effect without the placebo. Both work by the power
of suggestion. Both rely on the patients concentration, expectation and credibility
to achieve a therapeutic effect. Hypnosis uses a trance like state to create a pow-
erful mental image. In this respect, it is not unlike the incantations and spells
used by traditional healers. The placebo effect,on the other hand, concentrates the
imagery around the specific substance or therapy. In this way the medication
serves as an amulet, a token or talisman, a lucky charm to ward off the harmful
powers that cause the disease. Like the copper bracelets worn by sufferers of rheu-
matic diseases, the medication is imbued with therapeutic power. Owning it
makes the patient feel he is in control of his condition. For many people, the fear of
illness induces an attitude of learned helplessness, in which they feel lost and de-
pendant on others. Harold Benson has suggested that if they can have something
that allows them to gain control of their illness, then they can replace their learned
helplessness by ‘remembered wellness’ [40]. In this way the locus of control is
shifted from the doctor to the patient, who gains in confidence and wellness.

4.3
Who Responds to Placebo Medication

It seems evident that sensitive and vulnerable people of a suggestible disposition
that would be more likely to respond better to hypnosis and to placebos. Sugges-
tibility implies a fragile and dependent sense of self that readily attaches itself
to external factors to maintain a sense of identity and integrity. The patient puts
his faith in the treatment and his imagination and expectation changes the way
his body functions and brings about the cure. Robert Burton wrote as early as
1628, ‘An empiric oftentimes and a silly chirurgeon, doth more strange cures
than a rational physician’ ... because the patient puts his confidence in him’ [41].
And when the commission led by Benjamin Franklin reported to the King of
France on the validity of Mesmer’s animal magnetism in 1785, they concluded
that imagination was the most important factor in explaining the bizarre effects
and miraculous cures [42].
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It would be mistaken to equate placebo responsiveness with psychopatho-
logy; we can all be taken in by a convincing argument. Nevertheless, several
authors have observed that patients, who are anxious, dependant and non-critical
and those with functional illness respond particularly well to both hypnosis and
placebo medication [26, 30,43].

Following years of careful and detailed observation, lan Wickramasekere has
shown that people who are very susceptible to hypnosis as well as those who are
very resistant to hypnosis are prone to functional and psychosomatic disorders
and responsive to placebo medication [44]. It is easy to understand how good
hypnotic subjects would respond well to placebos. Patients who score highly for
hypnotisability are hypersensitive, highly imaginative, empathic, liable to leap
from specific experience to general expectations very readily and more likely to
experience their feelings to unpredictable factors outside of their control. Such
people are said to have porous or permeable psychological ‘boundaries’. Events
and ideas affect them and may make them feel ill or feel well. It is less easy to un-
derstand how subjects who are resistant to hypnosis might also respond well to
placebos. Such people are skeptical, rational and analytic and prone to look for
mechanical, chemical and physical explanations for their distress. They need to
be shown that a particular medication will work. Having experienced benefit,
however, they will cling onto the cure as if their life depended on it. These pa-
tients respond particularly well to biofeedback techniques in which they can see
physiological changes and learn to influence them.

Patients with a brief episode of illness are said to respond better to placebos
than those with chronic organic illness. Some patients seem to need to be ill in
order to recruit the love and care of their family. They find a sense of purpose
and identity in the illness and derive emotional containment from their regular
relationship with the family doctor. Such people will respond poorly to any
medication, since to be cured will deprive them of the benefits of feeling ill. The
patient will continue to take the medication, however, because it validates their
identity as an ill person, who needs to be cared for.

It is said that placebos are particularly effective for those conditions that are
underpinned by emotional distress [9]. Nevertheless, we all feel vulnerable when
we are unwell and we are more likely to exhibit an uncritical acceptance of me-
dicines at those times. Most consumers of nutritional supplements take them,
not all the time, but at times of stress, as part of weight reducing regimes, when
their spirits are low and when their anxieties are raised by convincing propa-
ganda [45].

4.4
Nutritional Supplements as Placebos

So many people in our society now believe that the food they eat is responsible
for their ill health. In a recent study, carried out in our laboratory, 53 % of healthy
subjects reported food intolerance and most of these identified several putative
foods. Among patients with the Irritable Bowel Syndrome, this figure rose to
nearly 100%. This belief is heavily reinforced by a sensationalist media. Every-
day we receive alarming reports of the risks of food. Red meat and cheese will
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cause us to get fat, develop high blood pressure and diabetes and die early of
heart attacks. The aluminum in our saucepans gives us Alzheimer’s Disease. Beef
will make us mad and cause colon cancer. Insufficient green vegetables during
pregnancy will cause our babies to get hydrocephalus or spina bifida. Too little
milk in childhood will cause osteoporosis in later life. Too few antioxidant vita-
mins or too little fish oil will cause rheumatoid arthritis and coronary artery
disease. Such reports fuel the imagination and focus people’s insecurities on
food. There is now a widespread suspicion that the foods that we eat are con-
taminated with additives, pesticides, herbicides, and hormones to enhance meat
production, or infected with borine spongiform encephalopathy (BSE), salmo-
nella and other microorganisms. People fear that they may make us mad and
cause other serious illness. They are suspicious that food is so genetically modi-
fied and processed that it is deficient in many of the substances we need to keep
healthy. Food is so central to our well-being. Faced with the insistent alarm that
the food that we eat is bad for our health, is it surprising that so many people are
seeking to protect themselves by taking nutritional supplements? Anything that
makes up the deficiencies in our diets or counteracts the toxic substances that
we are exposed to must be doing us good. Taking nutritional supplements pro-
tect us from illness in much the same way as the invocations, prayers and magic
spells protected our ancestors from harm and ‘delivered them from evil’.

Nutritional supplements have the necessary credibility to optimise the pla-
cebo or healing effect. They offer a logical countermeasure to widespread fears
about our diet, they carry the imprimatur of nutritional science, they appear to
be endorsed by the medical profession and they are promoted in newspaper ar-
ticles, television documentaries and advertisements. With the decline of the me-
dical profession as a symbol of authority, people are increasingly influenced by
the media. Popular magazines are full of articles advising people how to manage
their own health with nutritional supplements or herbal remedies. They suggest
daily ingestion of vitamin E or omega-3 fatty acids can reduce the risk of coron-
ary thrombosis, giving vitamin supplements to children can improve IQ, vita-
min Bg can prevent premenstrual tension, and infant deaths can be cut by taking
vitamins C and E. A vitamin a day keep the doctor away, especially when pre-
sented as coloured capsules, vacuum packed in attractive packages. This is the
message many readers of these magazines subscribe to.

We might expect medications that are often taken as prevention or prophy-
laxis and generate no discernable direct biological change to be subject to ex-
tinction or ‘placebo sag’ [21]. This might well be so if supplements were taken
consistently, but the evidence suggests that most people take supplements in-
termittently when they feel they need them and that they shop around. The
market in nutritional supplements and herbal remedies is very volatile. it re-
sponds rapidly and vigorously to media scares and the vagaries of fashion. Cur-
rently the largest growth area are herbal treatments for sleep and fatigue and
pre- and probiotics for gut upsets. In order to maintain sales, companies
have to stay ahead of the game, be exquisitely sensitive to media hype and
keep creating new indications that alarm and products that soothe a susceptible
and vulnerable client base. This can seem to be a cynical exercise in making
‘straw men’.
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Advertisers and the media are the purveyors of ideas. Advertising has devel-
oped into an art form, that permeates our collective consciousness and prom-
otes a familiarity and trust. Through a clever conjunction of ideas, we develop
an identification with the product, that makes us want to ‘own’ it. In television
advertising, the product is endorsed by a catch phrase or a tune that serves the
same kind of function as the mantra used by mystics and hypnotists to induce a
trance like state of suggestibility. This and the fact that people watch television
when they are exhausted from the days stresses and sedated with food and alco-
hol, allows the idea to permeate our imagination and influences the way we
think. Television advertising is mini-theatre, the music and the images endorse
the idea by tapping into people’s emotions, their aspirations, desires, vulnerabi-
lities and fears and the encouraging an identification. In the UK ‘size matters’
has become a national debate, but has sold a lot of cars. ‘Because ’'m worth it’is
a catch phrase that goes far beyond having shiny hair. The drums, wild horses
and breaking waves of the award winning Guinness advert conveyed the image
of masculine power barely restrained and coincided with the beer drinking ma-
chismo of young men. Just the hint that Vitamin E may make you more potent,
that Vitamin B¢ may make you more assertive and confident, that probiotics my
protect your children from cancer, creates the anxieties that can only be rectified
by the product. Assailed with the sheer sophistication and emotional persuasion
of advertising, it not surprising that ill, exhausted, stressed and vulnerable
people, worried about the risks of modem living, anxious for the health of their
family and desperately looking for something to help them cope, rush to their
local pharmacist or health food store and stock up.

4.5
The Ethics of Prescribing or Marketing Placebos
as Nutritional Supplements

It is tempting to castigate the prescription of supplements as a deception that
severely undermines the trust that must exist between doctor and patient. This
situation, however, is not that straightforward. A prescription is only a deception
if the doctor is convinced that it has no biological effect but claims that it does.
Nutritional supplements are in a kind of hinterland. They are not an inactive
treatment. They are essential elements of the diet. Requirements are greater if we
are ill and stressed. The fear that modern diets may in some way be deficient in
vitamins has received much media coverage. There is a widespread though quite
erroneous belief that they cannot do harm. There is also a false assumption that
more must be better. Megadoses of vitamin C are sold to help ward off winter
colds. This idea has been promoted by a widely respected Nobel laureate, but has
been challenged by suggestions that they may enhance the risk of heart disease
by thickening arterial walls [46]. Most doctors probably prescribe nutritional
supplements in ‘good faith’. Even if they are not entirely convinced that they are
the most appropriate treatment, vitamins and minerals are essential for life and
must therefore do some good. Exhaustion and the pressure of time means that
it can be much easier to reach for the prescription pad rather than explain to a
patient how their illness may respond better to a change in lifestyle. And more
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often than not, a patient will expect a prescription and will feel let down and
even abandoned if they don’t get one. This may lead to an exacerbation of the
symptoms.

What is the doctor to do if the patient asserts the conviction that nutritional
supplements will help them? Belief and expectation are a major part of the pro-
cess of healing. Knowing that what the patient believes in is likely to help him,
should the doctor disabuse him of that belief. Howard Brody has written that ...
‘the physician is not responsible for false beliefs the patient may bring into the
encounter, if the physician has taken no action to cause those beliefs’. And when
considering the case of a patient with a firmly entrenched belief in the thera-
peutic powers of vitamins, Brody declares ‘that the energetic and prolonged
discussion from the physician might mitigate or dispel this false belief, but
seems hardly worth the effort given the low probability of harm and the low
readiness of the patient to assimilate the new information’ [47] But doesn’t that
just passively encourage trade in ‘sham medication? It’s a real moral dilemma. If,
as I have argued in this article, therapeutic efficacy or healing depends on the
unique combination of biological action and belief, then we might conclude that
the art of therapy must lie in enhancing the patient’s faith in the treatment. But
should this justify a blatant deception?

It is very difficult for a doctor to knowingly deceive a patient or to be econo-
mic with the truth, even when he realises that a lie would help him more. Ina
recent article [30], Mark Chaput de Santoinge and Andrew Herxheimer from
The London Hospital have written, ‘Attempts to encourage critical thinking
towards medical treatment will reduce the placebo effect’. ‘Physicians cannot
always tell the plain truth’. “There is a distinction between evasion and deceit’.
I am not convinced. The relationship between doctor and patient is a long or -
term one and like all such relationships, must be built on trust to be effective.
The patient feels weak and insecure and invests a great deal of faith and depen-
dence in his or her doctor. If she discovers that the doctor has lied or been eco-
nomic with the truth, this can be as bad as the wife who discovers that her hus-
band has cheated. It destroys a bond of trust and like a cancer erodes into the
marrow of the relationship undermining all future interactions. How can any
relationship work if it is based on deception? ‘Freud stressed that the patients in-
sight into the aetiology of his affliction is the one quintessential ingredient that
distinguishes the remedial dynamics of his treatment modality from any kind
of treatment by suggestion. Treatments by suggestion leave the pathogenic re-
pressions intact and yield only an ephemeral cosmetic prohibition of the symp-
toms’ [48].

In most instances, the dilemma is avoided. Pure placebos are rarely pre-
scribed. The doctor can find some biological justification for the treatment if
challenged and the patient knows and trusts this. Credibility is maintained and
the patient gets better.

Most nutritional supplements, however, are not prescribed by the doctor but
are sold over the counter at pharmacies, supermarkets and health food stores.
Surely these cannot be subject to the same ethical debate. After all, if the patient
decides to buy nutritional supplements from a shop, then that is a legitimate
exercise of his or her free will and should not be subject to any restrictions from
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a ‘nanny state’. It’s just the same as buying a car, choosing a holiday or going out
for a meal. But is it? We don’t necessarily expect a car, a holiday or a meal to make
us better or stop us getting ill (although, of course, they may well do). The
advertising and sale of nutritional supplements may be seen as the worst form
of deception, the implantation of fears into a vulnerable and suggestible popu-
lation, and the exploitation of these implanted fears for economic gain. Freud
thought that setting a fee enhanced the efficacy of the therapy - the patient
valued it more and was more committed to it. That’s fine if the treatment works,
and the patient gets good value for money in terms of the therapist’s time and
effort. If, on the other hand, it doesn’t live up to the ‘hype’ and the patient has
paid good money to get a treatment, the validity of which is dubious, the ex-
perience could erode the patients confidence in all other treatments. The making
of profit through blatant deception can surely never be justified on ethical
grounds. But, manufacturers may argue, ‘If there is any deception, the scientists
have created it. We cannot judge whether their claims are valid or not. We are
making an ethical response to scientific concern and public demand’

Companies compete in an increasingly cut-throat free market economy. Is it
any worse to advertise nutritional supplements to make you feel well, have a bet-
ter sex life, live longer, look better, be more active, get rid of toxins in the colon
than say advertising a hair conditioner than produces that extra bounce or
shine. I think there is a world of difference. Nutritional supplements are not cos-
metic products, they are consumed as medicines. They act on biochemical pro-
cesses in the body, they need to be taken in a certain dose and they have toxic ef-
fects if taken in excess. They should therefore be subject to the same regulations
as drugs. The loophole that treats them as foods and not drugs should be closed
with further prevarication. The same principle should apply to herbal remedies.
But should we go one stage further? Should the public should be informed if a
given supplement has no established efficacy by a notice attached to every
advertisement and every packet, like that applied to tobacco advertising? This
could be something like, “This product has no proven efficacy in prolonging life,
improving the quality of life or in the treatment of illness’. But if the idea of the
treatment has some credibility and makes people feel better and the load on an
overburdened health service is reduced, surely undermining credibility with a
health warning would be counterproductive.

In some countries, the advertisement of supplements is regulated. For exam-
ple, the US Food and Drug Administration (FDA) allows companies to state how
their products affect the structure or function of the body, but not to make un-
substantiated claims about how they might prevent, treat or cure a disease [49].
That seems a reasonable compromise, but it is hardly likely to make a lot of
difference. Patients pick up the idea quickly enough from the images on the
advertisements and the media does the rest. Companies are highly dependant on
the comment in newspapers, television and the internet. While the company is
careful not to make extravagant claims, a hint is enough to encourage the media
to do it for them. Publicity can make or break a company in a night and this has
little to do with ethics.

Perusing the shelves of my local pharmacist some months ago,I was intrigued
to find Mediterranean Diet tablets for sale. There were four choices; Chicory In-
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ulin, Tomato Lycopene, Redwine extract, and Heart Health (containing fish oil).
Each costs approximately £6 (10 €) for 28 capsules with the exception of the fish
oil capsules which were more expensive. People could cross the road and buy all
the ingredients in larger quantities and at a fraction of the cost in the super-
market. A product that is sold under the guise of a currently popular nutritional
concept, is cloaked in the mantle of medical and scientific authority. Although
the manufacturers did not make any direct claims for the health benefits of their
product, there was a heavy implication that you could reduce your risk of cardiac
disease to that of Mediterranean countries by taking these supplements. We
might be forgiven for thinking that this was an unashamed marketing of an un-
proven idea, designed to exploit the fears of a vulnerable public. After all it might
be that the warmer climate and the outdoor, more sociable Mediterranean life
style is more important in reducing cardiac risk than tomatoes, chicory, fish,
olives and red wine.

So there’s lies, corporate lies, and false statistics. Companies may argue that
challenging their sale of supplements would deprive patients of medications
which make them feel a lot better. Do we have any right to do that? Doesn’t the
end justify the means? I do not think it does. We’re not talking about deprivation
but regulation. Why should companies be allowed to make their profits from a
vulnerable population by encouraging a dependency on spurious implications?
Instead of frightening and confusing people by conflicting suggestions, surely it
is better that the public is clearly informed that the royal road to health involves
a moderate, balanced life style — with sufficient attention to rest, exercise, com-
munication, companionship and stress modulation as vital components of emo-
tional health alongside healthy eating and drinking.
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5 Antioxidants, Nutrition and Health

Anthony Diplock

5.1
Introduction

Oxygen derived free radicals are produced within the body’s cells by electron
transfer reactions usually catalysed by enzymes or transition metal ions, or by
ultraviolet or other types of radiation. A free radical may be defined as any spe-
cies (atom or molecule) capable of independent existence that contains one or
more unpaired electrons. An unpaired electron is one that occupies an atomic or
molecular orbital by itself and the presence of these unpaired electrons is often
associated with increased chemical reactivity, since electrons have an in-built
tendency to associate in pairs. Examples of free radicals include the superoxide
radical (O3) formed in all living cells exposed to oxygen, and the highly reactive
hydroxyl radical (OH*), produced from superoxide in the presence of hydrogen
peroxide and ‘free’ (i.e., not protein-bound) transition metal ions.

The production of free radicals is a normal biochemical event. Not all reac-
tions involving radicals are damaging, indeed radicals play a role in many cellu-
lar mechanisms. However, if reactive radicals are allowed to come into contact
with susceptible biomolecules within cells, this may result in extensive damage,
e.g., to DNA, enzymes and other proteins as well as polyunsaturated fatty acids
(PUFA) in cell membranes. Extensive cell damage is normally prevented by
radical-radical interactions or the action of antioxidants. Deleterious free radical
reactions are important in the mechanism of action of some toxins and inflam-
mation and in ischaemia (oxygen deprivation) and reperfusion damage, degen-
erative arterial diseases, cancer and the ageing process.

5.2
Involvement of Free Radicals in Degenerative Disease
and Modulation by Antioxidants

Degenerative diseases such as cancer and cardiovascular disease are multi-fac-
torial processes that take place over a long period of time. Thus for cancer, the
well-recognized stages of initiation and promotion lead to a truly transformed
cell type; this involves many stages at which free radical involving processes
might be implicated; free radical processes may also have a more indirect effect
on carcinogenesis. The role of such free radical-involving or -derived processes
is of critical importance to the question of whether reduction of risk of cancer
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
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by antioxidants is a likely premise. Similarly for cardiovascular disease the
process of atherogenesis, which most authorities regard as the precursor to
coronary heart disease, certainly involves the formation of oxidised lipid (low
density lipoprotein; LDL) at an early stage of the process. This oxidation may be
reversed by dietary antioxidants which may thus control the overall process by
lowering the rate of oxidation and thus modulate the progress of atherogenesis.
The hypothesis is therefore now generally accepted that these two major killer
diseases may occur at a slower rate in individuals that have a high level of intake
of dietary antioxidants such as vitamins E, C and selenium.

Primary radical species differ markedly in their chemical reactivity, and po-
tential for damage to living cells. Aside from the question of whether it is formed
at all in the biological environment, of great potential significance as an initia-
tor of damage is the hydroxyl radical, OH, since it reacts with most biological
macromolecules in its immediate vicinity with rate constants in the order of
107" or more. This is both an advantage and a disadvantage; the primary da-
mage caused by OH- is likely to be very focal and more probably containable,
although it must be appreciated that secondary radicals or radical products may
be produced, and that these may be able to move within the intracellular or even
intercellular environment, and may be severely detrimental at sites far removed
from the point of the initial attack.

5.3
Cancer Aetiology

With respect to damage specifically to DNA, which may be of significance in
carcinogenesis, measurement of the production in vivo of modified purine and
pyrimidine bases, which are probably derived from DNA excision and repair,
has given rise to the estimate that oxygen radicals cause about 10,000 DNA base
modifications per cell per day [1]. Such damage by radical species may lead to
mutagenesis and carcinogenesis. An account of the effect of free radicals on
DNA is that edited by Halliwell and Aruoma [2]. It is clear that damage to DNA
may be of primary significance in the aetiology of cancer, by causing direct mu-
tagenic effects, by being involved in the promotion of transformation of mutat-
ed cells, as well as in more diffuse effects through expression of genes that may
be important in the same context. Both DNA damage and mitogenesis, by agents
that increase the rate of mitosis, are thought to be of significance in the cancer
process. Four endogenous processes that lead to significant DNA damage are
oxidation, methylation, deamination and depurination, and repair mechanisms
exist in most cellular systems for these processes [3]. The measurement of DNA
adducts has demonstrated that oxidation is likely to be the most significant en-
dogenous damage. Rapidly dividing cells are much more likely to mutate than
non-dividing cells and mitogen-induced increases in mitosis expose the cells to
greater risk. Lowering the rate of mitogenesis causes a greatly lowered incidence
of cancer.

The chemistry of attack by free radicals on DNA is very complex; lesions in
chromatin include damage to bases, sugar lesions, DNA-nucleoprotein cross-
links. single strand-breaks, and a basic lesions [4]. Hydroxyl radicals, e,q and H
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atoms react with DNA bases by addition and abstraction. Reaction of OH+ with
both pyrimidines and purines gives several addition products and the detection
of specific degradation products of DNA metabolites is probably the best evi-
dence available that OH* formation occurs in vivo. Sugar radicals can be formed
by the reaction of OH* with deoxyribose and further reaction of the sugar radi-
cals formed can lead to DNA strand breakage. The further reactions of free rad-
ical-altered DNA bases are beyond the scope of this short review. A number of
methodologies have been developed for measuring and characterizing these
products and the application of these techniques to body fluids offers the possi-
bility of non invasive assessment of free radical damage to DNA in vivo [5]. De-
tection of altered sugars may also be measured to provide further information
about this kind of DNA damage. Singlet oxygen is likely to be involved in these
processes. Oxidative modification of guanine and thymine residues, and coval-
ent adduct formation are among the types of reactions that occur. The damage
may cause cytotoxicity by block DNA replication which can also give rise to mu-
tation by misreading of modified sites by DNA polymerases or by induction of
DNA recombinatorial events; both may be counteracted by the normal cellular
repair mechanisms but the possibility exists that, in particular where mitosis is
occurring, the repair mechanisms may not be adequate to prevent progression
of the damaged cell to a cancerous one.

It is clear that hydroxyl radicals and singlet oxygen produce several different
types of damage to DNA, and alkoxyl radicals have also been shown to cause
DNA damage [6]. There is however no information available as to the formation
of singlet oxygen in the cell nucleus. The reactivity of the oxygen species implies
that they must be generated in the nucleus and it is unlikely that migration of
such reactive species can account for direct damage to DNA. If it is true that free
iron and copper exist in the nucleus [7], then the relatively stable compound
hydrogen peroxide, which can migrate freely within cellular structures, may give
rise to hydroxyl radicals in situ in the nucleus by Fenton-type reactions. A source
of hydrogen peroxide that may be of particular significance in the nutagenic and
carcinogenic process is the close proximity of activated phagocytes to the site of
initiation of tumorigensis or in sites of inflammation. The oxygen burst asso-
ciated with the phagocytic function is a considerable source of both hydrogen
peroxide and the superoxide anion radical.

An important potential relationship also exists between lipid peroxidation
and the causation of mutagenesis and carcinogenesis involving damage to DNA.
This is the interaction of aldehyde metabolites of lipid hydroperoxides with
DNA which may have consequences for the cell cycle and in carcinogenesis.

There is thus a considerable likelihood that relatively straightforward mole-
cular alterations to DNA structure could lead to mutagenesis and eventual car-
cinogenesis. However, this is an overly simplistic view and a number of other po-
tential mechanisms of carcinogenesis must also be considered. The involvement
of free radicals in cell proliferation has been reviewed by Burdon [8], and the
question of the involvement of lipid peroxides and their products in the car-
cinogenic process has been considered by Cheeseman [9] and by Morrero and
Marnett [10]. Lipid peroxides may also affect the rate of cell proliferation through
aldehyde products of lipid hydroperoxide breakdown; a variety of carbonyls,
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such particularly as hydroxyalkenals like 4-hydroxynonenal, may affect enzymic
activities and other functions of proteins by their reaction with thiol and amino
groups of the protein side-chain. This occurs at high concentrations of the alde-
hyde and may however have little physiological relevance because of lower con-
centrations the aldehydes appear to have different effects on cell proliferation,
which for example are mediated through effects on adenyl cyclase and phos-
pholipase C activities, and on protooncogene expression which may have con-
siderable significance in the cancer process [8].

The multifactoral nature of carcinogenesis necessitates consideration also of
the role of free radicals, and of lipid peroxides in particular, in chemical car-
cinogenesis. In a review by Morrero and Marnett [10], the metabolic activation
of carcinogens by peroxyl radicals is considered and its effect in the metabolic
activation of polycyclic hydrocarbons and their DNA conjugates.

5.4
Cardiovascular Disease Aetiology

Coronary artery disease is the chief cause of death in Europe and in the USA. The
primary cause of coronary heart disease, and also of stroke and other vascular
diseases, is the condition known as atherosclerosis which is characterized by
thickening and other pathological degeneration of the arterial intima. It is now
thought to be highly likely that the formation of foam cells, which is a very early
event in arteriosclerosis, involves oxdative changes in LDL which is capable of
being inhibited by the antioxidant nutrients. It is however clear that the events
that lead to atherosclerosis are extremely complex and require a detailed know-
ledge of the biological and biochemical processes involved.

The mechanism of attack by free radicals on polyunsaturated fatty acids is
well understood. In arachidonic acid, for example, attack by a radical, such as the
hydroxyl radical, abstracts a hydrogen atom from the fatty acid to produce a car-
bon-centred radical. Following an intermolecular rearrangement which yields a
mixture of two products, either the 9- or the 13-carbon-centred radicals, there is
attack by these radicals on molecular oxygen which yields either a 9- or a 13-
peroxyl radical. These new lipid peroxyl radicals can react with another mole-
cule of unsaturated fatty acid to yield a lipid hydroperoxide and a further lipid
radical which will enter the reaction sequence again so that a chain reaction is
set up. The chain may be broken by a lipid antioxidant such as a-tocopheroxyl
radical. A more detailed description of this reaction sequence is given in [9]. It
is presumed that a similar sequence of reactions occurs within the structure of
biological membranes, and in LDL within the arterial intima. Spatial constraint
of the polyunsaturated fatty acid within the phospholipid in the lipid bilayer
lamella structure in membrane may impose constraints on the progress of peri-
oxidation, as well as interception of radicals by membrane proteins with conse-
quent protein damage.

Lipid hydroperoxides are not stable end-products under physiological condi-
tions; they may be exposed to transition metal ions which catalyse the formation
of further reactive lipid radical species. In addition there is the possibility that
complete degradation of the peroxidized lipid may give rise to products that are
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biologically active and cytotoxic. Cleavage of carbon-carbon bonds within lipid
hydroperoxides formed during perioxidation leads to several different types of
product which may be placed in three main classes which are:

(i) Alkanals, typified by malondialdehyde [11], which are highly reactive
compounds that can cause considerable intracellular damage by a variety
of reactions, which include reaction with protein thiols and cross linking of
amino groups of proteins.

(ii) Alkenals, typified in particular by 4-hydroxynonenal (HNE) [12]. The bio-
logical activity of these compounds has been explored in some detail and
there is no doubt that these compounds are of major significance in cyto-
toxicity and cytostasis, which are caused by specific effects on the cell cycle.
Several reviews of these actions of hydroxyalkenals have appeared [3]. The
cytotoxicity of HNE has been demonstrated in a wide range of different cell
types [9] but the mechanism of HNE cytotoxicity is not fully understood.

(iii) Alkanes, such as pentane, which is produced as the end product of the oxi-
dation of linoleic and arachidonic acid, and ethane which is derived from
linolenic acid [11].

The key role played by low density liporpotein (LDL) oxidation in the early
events that lead up to atherogenesis, and the development of coronary heart
disease, has become accepted as the principal most likely explanation of a key
stage in this complex multifactorial process. The subject has been reviewed in
detail [14]. The physical arrangement of the lipids and protein within the LDL
particle has been the subject of much study; the particle consists of a central
core of cholesterol esters arranged in a lamellar fashion around which choleste-
rol, phospholipids and apoproteins are distributed. High-affinity receptors for
LDL are found on the plasma membrane of most cell types and this receptor is
recognized by the apoB,y lipoprotein. The primary function of LDL is transport
of cholesterol within the body and the function of the receptor is the removal of
cholesterol from the circulation, so that it is delivered to extra-hepatic tissues.
Since up to 70% of the total cellular receptor activity is located in liver cells, this
also provides the mechanism for the return of cholesterol to the liver. The
apoprotein of LDL contains e-lysine modification, is taken up specifically at high
rates by macrophage scavenger receptors which differ from the receptors that
are responsible for normal LDL metabolism. These scavenger receptors are
responsible for the enhanced uptake of cholesterol into macrophages that is
observe prior to the formation of foam cells in the atherogenic process. The oxi-
dation of PUFAs within the phospholipids and cholesterol esters of LDL appears
to be the first significant process that occurs, and degradation of the resultant
lipid hydroperoxides to aldehydic products leads to the formation of Schiff Base
complexes with e-lysine residues within the apoB, lipoprotein. This modifica-
tion of the LDL apoB,y, lipoprotein, which occurs within the arterial intima,
leads to avid uptake of the oxidized LDL by macrophage scavenger receptors and
thus to the beginning of fatty streak formation.

Early studies on the oxidation of LDL in isolated cultured cells demonstrated
that the recognition of native LDL by high affinity macrophage receptors was
lost and that oxidised LDL (LDL,,) was taken up instead by the scavenger recep-
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tors on the macrophage surface. Oxidation of LDL caused oxidation of the PU-
FAs as indicated above, formation of lysolecithin and a modification of the
apolipoprotein B, which involved the loss of available lysine residues that is re-
sponsible for the change in receptor specificity, so that the LDL,, was taken up
by the scavenger receptors [15]. The suggestion that aldehydes released from the
oxidised PUFAs might bind to the e-amino groups of lysyl residues within the
apoprotein has subsequently been confirmed as true. Detailed consideration of
the significance and mechanism of LDL oxidation is given in the review [16].
The control of the process of LDL oxidation by vitamin E is central to the role
played by LDL oxidation in the aetiology of atherosclerosis and the possible pre-
ventive function of the vitamin. Around 30-50% of the plasma vitamin E is
located in the LDL fraction, and other antioxidants such as carotenoids are
present in much lower amounts. It is therefore reasonable to suggest that the
enhancement by dietary means, or by the use of dietary supplements, of LDL
vitamin E content could be expected to result in a slowing of the process of
LDL oxidation and therefore the arteriosclerotic disease process.

5.5
Reduction of Disease Risk by Antioxidant Nutrients

It is clear from the foregoing that there are many possible ways in which free ra-
dical-related events in cellular metabolism may impinge on both the cancer pro-
cess and the atherosclerotic process in the aetiology of cardiovascular disease.
This must provide an excellent rationale, which has not as yet been explained in
detail, in which the potential role of antioxidants as agents that reduce the risk
of these diseases will eventually emerge. There is however considerable interest
in the possibility that dietary vitamin E, vitamin C and S-carotene may be able
to lower the risk of a wide range of human diseases. The search for a single
protective agent has confused the issue of the link between a high intake of a
specified nutrient with lowered risk of a particular disease and the much more
extensive evidence that links a high intake of fresh fruit and vegetables with a
lower risk.

5.6
Cancer

Reviews of the epidemiological literature have suggested that there is a protec-
tive role for vitamin C [17, 18] and f-carotene [19, 20] against the incidence
of cancer. In all the studies, where correspondents were asked about fruit and
vegetable consumption, it is not certain that the effect that was reported was
indeed due to the nutrient in question, and it must be recognized that no allow-
ance was made for the effect of other factors in the foods. Although the evidence
linking low intake of any specified antioxidant with elevated risk of cancer is not
very impressive there is nevertheless overwhelming evidence that links low
incidence of cancer in many body sites with a high intake of fresh fruits and
vegetables. In a large meta-analysis of many pieces of evidence [21] this rela-
tionship was studied in detail. It was accepted for the purposes of this review
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that the anticancer activity of carotenoids derives from the action of the carote-
noid itself rather than from it first being converted in the body into vitamin A.
The methodology of studies in the literature differs somewhat, and the meaning
of relative risk, in particular when it is given a numerical value, may differ also.
The review used a method by which results can be compared between different
studies. Information about intake of a nutrient through diet was obtained by a
questionnaire on frequency of consumption of named foods. Respondents were
then grouped into those with low, moderate or high intake of individual foods,
groups of foods, or of a nutrient contained in them which was calculated. Risk of
cancer is expressed as relative risk (RR) and the risk of cancer in the group
exposed to a factor (such as low fruit and vegetable intake, or low carotenoid
intake) is expressed as a ratio of the risk in the group not so exposed (those with
the highest intake). Thus an RR of >1.0 indicates an increased risk of disease,
and an RR of 2.0 in a Jow-consuming group indicates twice the risk of cancer
compared with the high-consuming group. Similarly an RR of <1.0 indicates a
lowered risk of disease where the same comparison is being made. the statistical
significance of the results was based on the results reported by the individual
authors: P <9.95 or more, the lower level of the 95% confidence interval (CI) at
an RR = 1.0. In almost all the studies reviewed adjustment for smoking was
made or the effects in smokers were reported separately. There was strong con-
sistency in the data that link a low level of intake of fresh fruits and vegetables
with a higher risk of cancer.

At around the time that this work was published, there was a tendency to
assume that the effective agents in dietary fruit and vegetables were the anti-
oxidants. This may be far from the true case. Intervention studies that involve
specific nutrients have given mixed results. In the study in Linxian in which sup-
plementation with specific vitamin and mineral combinations was undertake
[22], it was hoped to reveal whether supplementation with specific vitamins or
minerals might lead to lower cancer incidence or mortality. Four combinations
of nutrients were tested and doses ranged from one-to two-times the US RDAs.
A total of 2127 deaths occurred among trial participants during the intervention
period. Cancer was the leading cause of death with 32% of all death being due to
oesophageal or gastric cancer. Lower total morality occurred among those
subjects receiving supplementation with p-carotene, vitamin E and selenium
together (P = 0.03). This reduction was mainly due to lower cancer rates
(RR =0.87,95% CI = 0.75-1.00) with stomach cancer being especially signi-
ficant RR = 0.79, (95% CI = 0.64-0.99), with the reduction in the risk being ap-
parent 1-2 years after the supplementation began.

The Finnish a-Tocopherol B-Carotene (ATBC) study of 29,133 heavy chronic
smokers tested the effects of 20 mg f-carotene, either alone or in combination
with 50 IU vitamin E for an average of 6 years. There was a significant increase
of lung cancer incidence (16%) in the groups which received f-carotene [23].
A more detailed analysis of the results revealed that the increased risk of lung
cancer appeared to be restricted to participants who had smoked more than
20 cigarettes per day over an average period of 30 years [24].

The B-Carotene and Retinol Efficacy Trail (CARET) of 18,914 subjects at high
risk for lung cancer (heavy smokers, and asbestos-exposed workers) evaluated
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that combination of 30 mg f-carotene and 25,000 IU vitamin A over an average
of 4 years. The intervention group had a significantly increased risk of lung can-
cer (RR = 1.36 [25]. A reduced risk of lung cancer (RR = 0.800 was seen in sub-
jects who were former smokers at the beginning of the study. interestingly, par-
ticipants with high initial serum f-carotene concentrations had a 31% reduc-
tion in risk of lung cancer (P = 0.03), regardless of which group they were
randomized to. This effect was also seen in the ATBC study and Physicians’
Health Study which was conducted over 12 years in 22,071 male physicians who
consumed 50 mg f-carotene every second day. there was no beneficial influence
of B-carotene on cancer incidence. However due to the long duration of the trail,
it is important to note that there were no adverse effects reported.

Mixed messages emerge at present from the literature concerning inter-
vention with individual antioxidants in the cancer process. A major factor that
contributes to this confusion is undoubtedly the timing of the intervention;
in both the ATBC and CARET studies, intervention was made following many
years of high risk behaviour, smoking, at a time when it would be expected
that many of the subjects would have been in a pre-cancerous condition. It
is clear that the intervention was apparently instrumental in turning this pre-
cancerous state in some individuals into overt cancer, and the explanation
for this is not immediately apparent. However it nevertheless seems likely that
intervention with f-carotene at a much earlier stage of the cancer process
would have been more likely to have had beneficial results, because it is par-
ticularly at those early stages that free radicals are thought to have their major
impact.

If it becomes likely that an increase in the human dietary intake of antioxi-
dants is to be recommended as a means designed to lower the risk of cancer,
then it must be certain that this proposal will be without risk due to some toxic
effect. With respect to vitamin C, the conclusion from an exhaustive survey of
the literature is that oral intake of high (up to 200 mg/day) have not been consi-
stently reported to result in side effects although some reports of low reliability
may suggest that minor side-effects may occur. With regard to vitamin E the
following conclusions which were reached [26, 27] with respect to the safety of
oral intake of vitamin E by human subjects, and are endorsed here. (i) The toxi-
city of vitamin E is very low. (ii) Animal studies show vitamin E is not mutagenic,
carcinogenic or teratogenic. (iii) Reported increases in serum lipids in human
subjects following high oral dosage are inconsistent and of little significance.
(iv) In double blind human studies, oral dosage resulted in few side-effects, even
at a dosage as high as 3.2 g per day. (v) Dosage up to 100 mg per day is consider-
ed to be entirely safe and without side-effects. (vi) Oral intake of high levels of
vitamin E can exacerbate the blood coagulation effect of vitamin K deficiency:
high vitamin E intake is contra-indicated in these subjects. With regard to §-
carotene, supplementation of normal individuals in the population with mode-
rate supplements can be undertaken safely.
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5.7
Cardiovascular Disease

A confounding factor in studying the relationship between vitamin E and car-
diovascular disease is the variation in the blood triglyceride and cholesterol
levels of patients with heart disease. Changes in vitamin E levels needed to be
judged against the background of changes in the level of triglyceride and choles-
terol. Thus it was found [28] that, when fasting blood samples from 116 healthy
volunteers were analysed for vitamin E and blood lipids, there was a strong as-
sociation between vitamin E and the serum lipid concentrations in those who
did not smoke but that the rise in the serum level in a cohort of smokers was not
associated with a corresponding rise in vitamin E level. Similarly [29] when
vitamin E, cholesterol and triglycerides were measured in sera from 167 patients
with angina pectoris. An increase in the concentration of vitamin E was obser-
ved only in patients with lipidaemia, where as the vitamin E content was similar
to that of a control population in patients with hypertension, in smokers and in
patients free of hyperlipidaemia. A correlation was found between vitamin E
and triglyceride level of the samples (r* = 0.52). These data also correspond to
data from another part of the study in which 224 men and 435 women without
ischaemic heart disease were examined. In the men, vitamin E content was
found to be correlated with triglycerides (r* = 0.50) and in the women with
cholesterol. The ratio of vitamin E to triglyeride level is thus a more reliable
index of vitamin E status in human subjects. It was concluded [30] that ‘the plas-
ma status of topcopherol can conclusively be interpreted only in comparison to
the level of plasma lipids’ and he introduced the term ‘lipid-standardized vita-
min E’ which was used to indicate the degree of saturation of plasma lipids by
vitamin E which may be taken as the only reliable index of the vitamin E status
of an individual. This measure which is in line with advice offered by Horwitt
some years earlier [31], has been adopted and used consistently by workers in
the field since that time.

Many aspects of the antioxidant hypothesis for disease prevention were
brought together for the first time [30] when the available evidence was discus-
sed that showed an association between high intake of antiodidant nutrients and
low incidence of ischaemic heart disease; the following points were made. (i)
The accumulation of lipid hydroperoxides within arteriosclerotic plaque corre-
lated with the extent of arteriosclerosis, which highlights the possibility that oxi-
dation of lipid might be a primary event in plaque formation. (ii) Peroxidised
diets in many cases lead to toxicity expressed through degenerative heart
disease in animals. (iii) Peroxidised low density lipoprotein is cytotoxic to endo-
thelial cells in culture. (iv) Endothelial or smooth muscle cells in culture could
generate lipid peroxidation products that could modify apoprotein B of LDL. (v)
Experimental myocardial necrosis induced by catecholamines, hyperbaric oxy-
gen or by ischaemia and subsequent reperfusion, is accompanied by lipid pero-
xidation, inhibited by antioxidants. (vi) Plasma of patients with ischaemic heart
disease contains elevated levels of thiobarbituric acid reacting substances. (vii)
Marginal deficiency of vitamin E in animals caused functional and morpho-
logical alterations in heart muscle and arterial walls.
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Data from the pilot WHO/MONICA study [30] showed some inverse cor-
relation, in particular with respect to vitamin C and vitamin E, between the
medians of the plasma parameters measured and incidence of coronary heart
disease mortality. The main WHO/MONICA study was designed to monitor
(hence MONI-) determinants of cardiovascular (hence -CA) disease in 39 col-
laborating centres in 26 European countries [32]. In the Vitamin Substudy sta-
tistical medians of the plasma antioxidant levels in approximately 100 randomly
assigned apparently healthy males (40-49 yrs of age) selected at each of 16 study
sites were measured and correlated with the established age-specific ischaemic
heart disease mortality for men who were 40-59 years of age; the mortality
figure used was the established mean value for at least the preceding three years.
The ischaemic heart disease differed six-to seven-fold between the lowest as
compared to the highest mortality figures [33] and the methodology is describ-
ed in detail, including particularly the technique of lipid standardization of the
levels of vitamin E to common concentrations of cholesterol (5.7 mmol/l) and
triglycerides (1.25 mmol/l). The classical risk factors, total plasma cholesterol,
blood pressure and smoking habits, did not reveal correlations in univariate
analysis with ischaemic heart disease mortality risk which itself differed within
the twelve groups by six-to seven-fold although there were some variations in
the classical risk factors within a small band of normal values and for cholesterol
the variation was 5.1-6.2 mmol/l. This is an important observation because it
enabled study of the relationship between blood antixiodant levels in these 12
study populations, and the risk of ischaemic heart disease without the need to
allow for confounding effects caused by variation in plasma cholesterol level
which is regarded as classical risk factor. Where it was found that classical risk
factors were comparable for all the groups examined, there was a statistically
significant inverse correlation (P = 0.002) between the age-specific ischaemic
heart disease mortality and the absolute unadjusted, plasma level of vitamin E
which in univariate analysis gave the strong correlation of r* = 0.63. Lipid stan-
dardization of the plasma vitamin E levels improved the significance of the
inverse relationship with mortality so that the correlation coefficient was now
1> = 0.73. Four study populations were found to have plasma cholesterol levels
that lay outside the band of values (5.1-6.2 mmol/l) that was chosen for the 12
population subgroup; two of these, from Finland, lay above the chosen band and
two, from Italy lay below it. When these study populations with high or low
blood cholesterol levels were included using lipid standardization vitamin E
levels, there was also a statistically significant inverse correlation and the corre-
lation coefficient was 1* = 0.62.

Edinburgh, in Scotland has been identified as a city with a high incidence of
ischaemic heart disease (298/100,000; n = 108) [33]. To test the hypothesis that
plasma concentrations of antioxidant nutrients might be related to the risk of
angina, and to measure the extent to which such risk is independent of classic
risk factors for coronary heart disease, a study was conducted [34]. In this case-
control study a sample of 6,000 men aged 35-54 was surveyed by a postal que-
stionnaire. To avoid the confounding effect of dietary changes in subjects who
had been diagnosed as having heart disease and had been advised by their
doctor to make dietary changes, only subjects who had had chest paid and had
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never seen a doctor were included in the study. The 125 angina cases who were
identified were compared with 430 healthy subjects without any symptoms of
heart disease and complete data were obtained for 110 angina cases and 394 con-
trol subjects. Measurements of plasma vitamins and non-fasting lipids, and pla-
telet fatty acid composition, was made at once without storage of the samples;
adipose tissue was sampled under local anaesthetic. There was found to be a sta-
tistically significant (P <0.01) difference between the controls and the cases with
respect to smoking habit (respectively 29% and 46 %); no other classical risk fac-
tors were found to be of significance including plasma total and HDL choleste-
rol. There was no significant difference between the vitamin A and unadjusted
vitamin E levels, and there was a significantly lower level of carotene (P <0.001),
vitamin C (P<0.01) and lipid adjusted vitamin E (P <0.01) in the plasma of the
angina cases. In this population case-control study, low plasma concentrations
of vitamin E, vitamin C and f-carotene were found to be related to an increased
risk of angina pectoris in men. For plasma vitamin E the relationship remained
significant after adjustment for age, blood pressure, total and HDL cholesterol,
non-fasting triglycerides, relative weight and smoking status and it was conclud-
ed that some populations with a high incidence of coronary heart disease
might benefit by increasing their intake of antioxidant nutrients, particularly
vitamin E. '

The results of the Health Professionals Study (The Physician’s Study) and the
Nurses’ Health Study, were published in 1993 [35, 36]. The Physician’s Study is a
prospective investigation of 51,529 male health professionals who were aged
40-75 years in 1986 when the study began. A number of the subjects were exclud-
ed for dietary or health reasons, and the remaining 39910 men were eligible for
inclusion in the follow-up study. The 1986 questionnaire enquired about fre-
quency of intake of 131 foods and ten additional questions specifically addres-
sed the current use of vitamin supplements. Case assessment was from records
of fatal coronary disease, non-fatal, myocardial infarction, coronary artery
bypass grafting and percutaneous transluminal coronary angioplasty. Each
participant’s follow-up time began with the date of the 1986 questionnaire and
continued until the diagnosis of an end-point, death or January 1990 whichever
came first. Relative risks were calculated by dividing the incidence rate of coro-
nary disease among the men in each category of antioxidant intake by the rate
for the men in the lowest category of disease. For the age-adjusted and multiva-
riate relative risk of coronary heart disease according to quintile group for the
intake of vitamin E, as compared to the men in the lowest quintile group for vi-
tamin E, men in the highest quintile group and an age-adjusted risk of coronary
disease of 0.59 (95% CI, 0.47-0.7; P <0.001). The total intake was further sub-
grouped according to dietary or supplemental sources. The maximal reduction
in risk is shown in men who consumed 100 - 400 IU/day with no further increas-
ed reduction at higher doses of E. There was also found to be a suggestion of an
inverse trend between duration of use of vitamin E and the risk of disease. Men
who reported use of vitamin E supplements for 10 or more years had a relative
risk of 0.65 (95% CI 0.46-0.92) compared to non-users. The multivariate rela-
tive risk of coronary heart disease among men taking specific vitamin E supple-
ments (i.e. not multivitamin supplements) was 0.75 (95% CI 0.61-0.93) as com-
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pared with non-users. Among men who took vitamin E supplements in doses of
at least 100 IU/day for two or more years the relative risk was 0.63 (95% CI
0.47-0.84). The reduction in relative risk of coronary artery disease associated
with the highest quintile group for total vitamin E intake was slightly less among
current smokers (RR 0.67,95% CI 0.34-1.31) compared to those who had never
smoked (RR 0.52,95% CI 0.34-0.78).

The Nurses’ Health Study [36] began in 1976 with 121,700 female registered
nurses. A total of 87,245 women remained in the study following the usual exclu-
sions. Similar criteria and questionnaires as those used in the men’s study (see
above) were employed to obtain information as to possible relationships be-
tween vitamin E intake and the relative risk of coronary heart disease. During
679,485 person-years of follow-up from 1980 to 1988, 552 cases of major coro-
nary heart disease were identified and documented. There was a statistically sig-
nificant reduction in risk of coronary disease among women with a high intake
of vitamin E compared to those with a low intake. Adjustments for age and
smoking history showed clearly that the lower risk of heart disease was primar-
ily associated with taking a vitamin E supplement. In a multivariate model that
controlled for a number of risk factors, the relative risk associated with the use
of specific vitamin E supplements was 0.61 (CI 0.45-0.81) and this was im-
proved further by excluding users of less than 100 IU of vitamin E per day for
less than two years (RR = 0.52,95% CI 0.34-0.89).

A study in Finnish men [37] found that the titre autoantbodies to oxidatively
modified LDL was a predictor of the progression of carotid atherosclerosis.
Antibodies against epitopes of oxidised LDL had previously been shown to re-
cognize material in atherosclerotic lesions in rabbit and in man [38-40]. In
the study of [37] the titre was measured of autoantibodies to malondialdehyde
(MDA)-modified LDL (MDA-LDL), in baseline serum samples from 30 Eastern
Finnish men with accelerated two year progression of carotid atherosclerosis
and 30 age-matched controls. The men with high atherosclerotic score had a sig-
nificantly higher titre of MDA-LDL (P = 0.003). Cases also had a higher propor-
tion of smokers (37 % vs 3 %), higher LDL cholesterol (4.2 mmol/l vs 3.6 mmol/l)
and a higher serum copper concentration.

A more recent intervention study shows a clear effect of vitamin E on the re-
duction of angiographically proven coronary atherosclerosis [37a]. Patients
(2002) were enrolled following rigorous screening as to their suitability and fol-
lowed up for a median of 510 days; 1035 were given 800 IU R,R,R,-a-tocopherol
for the first 546 patients and 400 IU for the remainder, 976 patients received pla-
cebos. The primary endpoints were a combination of cardiovascular death and
non-fatal myocardial infarction (MI), as well as non-fatal MI alone. The plasma
a-tocopherol levels were found to show a considerable rise in the treated groups,
but did not change in the placebo groups. a-Tocopherol treatment significantly
reduced the risk of the primary trial endpoint of cardiovascular death and non-
fatal MI (41 vs 64 events; RR 0.53,95% CL 0.34-0.83, P = 0.005), which was due
to the reduction in risk of non-fatal MI (14 vs 41 events; RR 0.23, 95% CL
0.11-0.37,P = 0.005). There was however a non-significant excess of cardiovas-
cular deaths in the a-tocopherol-treated group (27 vs 23 events). The conclusion
was that in patients with angiographically proven symptomatic coronary ather-
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osclerosis, a-tocopherol treatment substantially reduced the rate of non-fatal
MI, with beneficial effects apparent after 1 year of treatment. This study raises a
number of questions as to the mechanism of the beneficial effect of vitamin E;
some authors have commented that it may have been due to a reduction of
coronary atherosclerotic lesions; others have suggested that the mechanism
may be mediated through thrombotic effects and alteration in blood platelet
function.

The evidence reviewed here makes a compelling case for the likelihood that
the risk of cardiovascular disease may be lowered by increasing the intake in
human populations of vitamin E. Taken together with the biochemical ratio-
nale which has been advanced for the mechanism of atherosclerosis there is
a very compelling case for the possibility that vitamin E may have a direct
preventive function in the development of atherosclerosis and subsequent coron-
ary disease, as well as perhaps having some therapeutic effect in patients with
established heart disease. With respect to the epidemiological evidence it is
particularly striking that low incidence of cardiovascular disease is negatively
correlated with vitamin E levels in three kinds of study. Thus, in the MONICA/
WHO cross-cultural comparison of 16 European study populations [41], in the
case-control study of angina pectoris [34], and in the very large Health Profes-
sionals’ Studies which were in the nature of intervention trials although the
intervention with vitamin E was self-determined [35, 36], vitamin E was consis-
tently associated with lowered risk of disease. It must however be stressed that
epidemiological data cannot establish causal relationships and can only point to
relationships which must be tested by other means. It remains therefore a mat-
ter of judgement to decide whether the relationship is likely to be a causal one,
as Steinberg points out in his excellent Editorial [42], and ‘that judgment will be
affected by the strength of the relationship, its consistency, its biological plau-
sibility and other criteria’.
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6 Nutritional and Non-Nutritional Uses of Vitamin B,

David A. Bender

6.1
Introduction

Nutritional deficiency of vitamin Bg is essentially unknown, although a signifi-
cant proportion of the population in developed countries show biochemical evi-
dence of inadequate or marginal vitamin B¢ nutritional status, despite intakes
that meet or exceed reference intakes, suggesting that current estimates of re-
quirements may be too low. Furthermore, since estimates of requirement are
based on prevention of deficiency, it is relevant to consider whether somewhat
higher intakes may be beneficial in terms of promoting optimum nutrition.

Vitamin B¢ has been used to treat a wide variety of conditions, which may or
may not be related to inadequate intake. In some conditions use of vitamin By
supplements has been purely empirical; in other conditions there is a reasona-
ble physiological or metabolic mechanism to explain why supplements of the
vitamin many times greater than average requirements may have therapeutic
uses. However, even in such conditions there is little evidence of efficacy from
properly conducted controlled trials.

At high levels of intake (in excess of 100 mg/day, compared with reference in-
takes of 1.5-2 mg/day) vitamin B¢ is neurotoxic, and there have been reports of
(partially reversible) sensory nerve damage among people taking supplements
of 1000 mg/day.

In June 1997 the UK Department of Health Committee on Toxicity [1] propos-
ed limits on the amounts of vitamin Bg that may be supplied in supplements.
The proposals can be interpreted as an attempt to differentiate between levels of
intake that may be considered to be nutritionally relevant and higher levels that
can be considered to be for pharmaceutical purposes, to treat a disease or con-
dition:

* upto 10 mg may be sold freely as a nutritional supplement (this is some 6-fold
higher than the reference intake, although the figure was derived by extra-
polation from toxicological data);

* 10-50 mg/day may only be sold in a pharmacy, where professional advice is
assumed to be available;

 over 50 mg/day may only be provided on prescription, since at or above this
level of intake there is considered to be a risk of adverse effects, which there-
fore have to be balanced against the benefits in treating a clinical condition.

J. K. Ransley et al.(eds.), Food and Nutritional Supplements
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The proposals generated very considerable controversy, with arguments
both from those who opposed all regulation of nutritional supplements and
those who did not oppose regulation, but questioned the scientific evidence
on which the limits had been established. In July 1998 the proposed legislation
was put in abeyance, pending further examination of the evidence concerning
toxicity of the vitamin. This chapter aims to provide an overview of the require-
ments for vitamin Bs, a summary of the evidence for the pharmacological
uses of vitamin B¢ and finally a discussion of drug interactions and toxicity of
vitamin Bg.

6.2
Metabolism and Metabolic Functions of Vitamin B,

Six vitamers have vitamin Bs metabolic activity: pyridoxine, pyridoxal and py-
ridoxamine, and their 5’-phosphates (see Fig. 1). The metabolically active coen-
zyme is pyridoxal 5’-phosphate. In the liver there is rapid oxidation of the other
vitamers to pyridoxal, and rapid phosphorylation to pyridoxal phosphate,
which is the main circulating vitamer, exported from the liver bound to albu-
min. Uptake into peripheral tissues is by extracellular dephosphorylation, follo-
wed by metabolic trapping inside the cell as pyridoxal phosphate. Pyridoxal
phosphate that is not bound to enzymes is rapidly dephosphorylated, and sur-
plus pyridoxal in tissues is oxidised to pyridoxic acid, which is the main urinary
metabolite of the vitamin [2].

CH,OH (?H CH,0OH
HOOH,~_~ OH kinase O= ll:’—O—-C H, 7 OH
i phosphatase OH I
\N CH, \N CH,
pyridoxine pyridoxine phosphate
loxidase
COOH HC=0 IOH HC=0
HOOH kinase =P—-0— OH
HOOH, \ "~ OH - "o~ | OH _ kinase _ O ZHO CH~ ~
hosphat:
\N CH, ~ CH, phosphatase \N CH,
4-pyridoxic acid pyridoxal pyridoxal phosphate
transaminases oxidase
CH,NH, OH CH,NH,
I
HOOH,~_~ OH kinase O=If’—O—CH2 P OH
l ~———  OH
™ CH, phosphatase \N CH,
pyridoxamine pyridoxamine phosphate

Fig. 1. Metabolic interconversion of the vitamin B, vitamers
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Vitamin By has activities in three main areas: as a coenzyme in amino acid
metabolism, as the coenzyme of glycogen phosphorylase, and in regulation of
the activity of steroid hormones on target tissues.

In amino acid metabolism the aldehyde group of pyridoxal phosphate reacts
with the e-amino group of the substrate; reactions of pyridoxal phosphate-de-
pendent enzymes include:

a) transamination of amino acids to yield their keto-acids (oxo-acids), which
are then oxidised as metabolic fuels. The reverse reaction is also important
for the synthesis of non-essential amino acids from keto-acids that are
common metabolic intermediates, such as oxaloacetate, ketoglutarate, pyru-
vate, etc;

b) decarboxylation of amino acids to yield amines, which are neurotransmit-
ters or hormones, such as y-aminobutyrate (GABA), histamine, noradrena-
line (and hence adrenaline), serotonin;

c) a variety of reactions involving the side-chains of amino acids, including
kynureninase (EC 3.7.1.3) in tryptophan metabolism, and cystathionine
synthase (EC 4.2.1.22) and cystathionase (EC 4.4.1.1) in methionine and ho-
mocysteine metabolism;

d) decarboxylation of phosphatidylserine to phosphatidylethanolamine in phos-
pholipid synthesis.

In glycogen phosphorylase pyridoxal phosphate acts as a phosphate buffer at the
active site of the enzyme. Before this catalytic rdle was established, it was assum-
ed that muscle acted as a storage pool of vitamin By; some 70-80% of total
body vitamin By is in muscle associated with this enzyme. However, pyridoxal
phosphate is not released from muscle in depletion or deficiency, although it is
released in prolonged fasting, when glycogen reserves are depleted, and there is
an increased requirement for pyridoxal phosphate in the liver for transamina-
tion of amino acids for gluconeogenesis.

Pyridoxal phosphate also acts to terminate the actions of steroid and other
nuclear-acting hormones, including vitamins A and D and thyroid hormone. It
binds to a lysine residue in the hormone receptor protein, displacing it from bin-
ding to the hormone-response element on DNA, and so ending the enhancement
of gene expression. Studies in experimental animals have shown that various
steroid hormones are accumulated in the nucleus of target tissues to a greater
extent, and for longer, in vitamin By deficiency, with some evidence of enhanced
end-organ responsiveness to low doses of hormones. Studies with cells in cul-
ture have shown that acute vitamin By depletion (achieved by addition of the
antimetabolite 4-deoxypyridoxine) leads to a two-fold increase in hormone-
stimulated rate of expression of expression of genes with a variety of hormone-
response elements, and conversely, addition of high concentrations of pyridoxal
to the culture medium results in a halving of the rate of gene expression in res-
ponse to the hormones [3, 4).
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6.3
Requirements and Reference Nutrient Intakes

Clinical deficiency of vitamin B is more or less unknown; the only reported
cases were in the early 1950s, associated with infant milk formula that had been
severely overheated in manufacture, leading to the formation of pyridoxyllysine
by reaction between the aldehyde group of the vitamin and the e-amino groups
of lysine in protein. Not only is pyridoxyllysine nutritionally unavailable as a
source of the vitamin, but it also has antivitamin activity [5].

Estimates of requirements from which reference nutrient intakes (RNI) are
derived are based on studies in which subjects were fed controlled diets deficient
in vitamin By, then, after the development of metabolic abnormalities were
repleted with graded levels of intake - i.e. depletion/repletion studies. The cri-
terion of adequacy in such studies is normalisation of one or more of the follo-
wing biochemical indices of status during repletion:

a) excretion of xanthurenic and kynurenic acids after a test dose of tryptophan
(the tryptophan load test, see Fig. 3);

b) excretion of homocysteine after a test dose of methionine (the methionine
load test, see Fig. 2);

methylated
acceptor product
S-adenosyimethionine N S-adenosylhomocysteine
methyltransferase
PPJ! PJ
methionine adenosyltransferase
ATP adenosine
CH,
|
S ?H
C|H2 tetrahydrofolate methyl (|3H2 ?HQ—S~S—ICH2
éHz tetrahydrofolate C|H2 ?Hz CH,
HC—NH, = HC—NH, —— HC—NH, HC—NH,
2 methionine synthetase | non-enzymic | |
COOH (vitamin B,, dependent) COOH COOH COOH
methionine homocysteine homocystine
serine
cystathionine synthetase
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H,O
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CH,  HG—NH, CH,—SH
HC—NH, COOH H,O NH* HC—NH,
+
COOH_ ) o-ketobutyrate COO,H
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Fig.2. Homocysteine and methionine metabolism
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c) plasma concentration of pyridoxal phosphate or total vitamin Bg;

d) urinary excretion of 4-pyridoxic acid;

e) activation of red cell aspartate or alanine apo-transaminase by pyridoxal
phosphate added in vitro - the transaminase activation coefficient.

Although some 70-80% of total body vitamin By is associated with muscle gly-
cogen phosphorylase, and is not involved in amino acid and protein metabo-
lism, this pool has a slow turnover; the remaining 20-30% of the body pool,
which is largely associated with amino acid metabolism, has a more rapid turn-
over. It is therefore likely that protein intake, or the burden of amino acids to be
metabolised, will have a significant effect on vitamin B4 requirements. Certainly
the depletion/repletion studies demonstrated that biochemical evidence of de-
pletion developed more rapidly during depletion in subjects fed a high protein
diet, while repletion required a higher intake of the vitamin, than in subjects fed
a low protein diet.

Current reference intakes in most countries are calculated on the basis of 15
or 16 ug vitamin B¢/g dietary protein intake. For average intakes of protein this
leads to an RNI of 1.4-1.6 mg/day for adults. More recent studies suggest that
the requirement to meet the most sensitive criteria of adequacy in depletion/re-
pletion studies in women indicate a RNI of 20 pg/g protein. It is not clear
whether this represents a gender difference (most of the earlier studies were per-
formed on men) or whether the more recent studies were more sensitive in de-
tecting marginal inadequacy [6-8].

Average intakes in most countries are significantly above reference intakes.
However, a number of studies have reported that 10-20% of adults show bio-
chemical evidence of inadequate vitamin B¢ nutrition by one or other of the two
criteria most commonly used: plasma concentration of pyridoxal phosphate or
erythrocyte transaminase activation coefficient. This suggests that current esti-
mates of vitamin By requirements may be too low, although there is little evi-
dence that marginal plasma concentrations of pyridoxal phosphate or mar-
ginally elevated transaminase activation coefficients have any functional sig-
nificance [8].

6.4
Potential Benefits of Higher Levels of Intake: Homocysteine Metabolism

The identification of hyperhomocysteinaemia as an independent risk factor in
atherosclerosis and coronary heart disease [9] has led to suggestions that intakes
of vitamin B¢ higher than are currently considered adequate to meet require-
ments may be desirable. Homocysteine is intermediate in methionine meta-
bolism, and may undergo one of two metabolic fates, as shown in Fig. 2: reme-
thylation to methionine (a reaction that is dependent on vitamin B;, and folic
acid), or onward metabolism leading to the synthesis of cysteine (trans-sulphur-
ation). Therefore intakes of folate, vitamin B, and/or vitamin Bs may affect
homocysteine metabolism.

The trans-sulphuration pathway has two pyridoxal phosphate dependent en-
zymes: cystathionine synthetase and cystathionase, and in vitamin B deficiency
there is disturbance of methionine metabolism, with development of hyperho-
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mocystinaemia and homocystinuria. This provides the basis of the methionine
load test for vitamin Bg status.

Epidemiological studies suggest that hyperhomocysteinaemia is most signif-
icantly correlated with low folate status, but there is also a significant associa-
tion with low vitamin By status [10]. Results from the Nurses’ Health Study in the
USA [11] show that cardiovascular disease risk is lowest among those women
with the highest intakes of folate and vitamin Be. Since the sources of both vita-
mins for those people with the highest intakes were fortified breakfast cereals
and multivitamin supplements, it is not possible to distinguish between any
potential protective effects of the two vitamins.

Trials of supplementation have shown that while folate supplements lower fas-
ting homocysteine in moderately hyperhomocysteinaemic subjects, supple-
ments of 10 mg/day vitamin By have no effect [12-14]. In one series of studies
[13, 14], vitamin B¢ supplements reduced the peak plasma concentration of ho-
mocysteine following a test dose of methionine. This can probably be explained
on the basis of the kinetics of the enzymes involved; the K, of cystathionine
synthetase is 10-fold higher than that of methionine synthetase. Under basal
conditions, little homocysteine is metabolised by way of the trans-sulphuration
pathways; it is only after a loading dose of methionine, when homocysteine rises
to high levels, that the activity of cystathionine synthetase, rather than the con-
centration of its substrate, is limiting.

It thus seems unlikely that intakes of vitamin B above amounts that are ade-
quate to prevent metabolic signs of deficiency will be beneficial in lowering
plasma concentrations of homocysteine [15].

6.5
Pharmacological Uses of Vitamin B,

A number of (very rare) genetic conditions are known in which a pyridoxal phos-
phate dependent enzyme has a defect in the coenzyme binding site, and only has
significant activity when the tissue concentration of pyridoxal phosphate is very
much higher than normal. Affected children can be maintained in normal health
by providing supplements of 200~ 1000 mg vitamin B,/day throughout life [16].
These vitamin B¢ dependency syndromes conditions include:

a) convulsions of the newborn due lack of y-aminobutyrate (GABA) as a result
of a defect in glutamate decarboxylase;

b) cystathioninuria due to a defect in cystathionase (see Fig. 2);

c) gyrate atrophy with ornithinuria, due to a defect in ornithine-4-aminotrans-
ferase;

d) avariant of homocystinuria, due to a defect in cystathionine synthetase (see
Fig.2);

e) a variant of primary hyperoxaluria, type I, due to a defect in peroxisomal
alanine glyoxalate aminotransferase;

f) sideroblastic anaemia due to a defect in §-aminolevulinate synthetase and
hence decreased haem synthesis;

g) xanthurenic aciduria due to a defect in kynureninase (see Fig. 3).
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Supplements of vitamin Bs ranging from 25-500 mg/day have been recom-
mended for treatment of a variety of conditions, discussed below, in which
there is an underlying physiological or biochemical mechanism to justify their
use, although in most cases there is little evidence of efficacy. It has also been
used empirically, with little or no evidence of efficacy, in the treatment of a varie-
ty of conditions including: acute alcohol intoxication, atopic dermatitis, autism,
dental caries, diabetic peripheral neuropathy, Down’s syndrome, Huntington’s
chorea, schizophrenia, and steroid dependent asthma.

Some reports have shown vitamin By to be effective in suppression of lacta-
tion, although others have shown no difference from placebo. Because the vita-
min suppresses the increase in prolactin induced by treatment with the dopa-
mine receptor antagonist pimozide, and because lactation is also suppressed by
the dopamine agonist bromocriptine, it has been suggested that it acts to stimu-
late dopaminergic activity in the hypothalamus. However, it is more likely that
its action is by reduction in target tissue responsiveness to the steroid hormones
that stimulate prolactin secretion [17].
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6.5.1
Side-Effects of Oral Contraceptives

The high-dose oral contraceptives of the 1960s had a variety of side effects,
including depression of mood and impaired glucose tolerance. A number of stu-
dies showed that supplements of 100 mg/day vitamin By relieved the depression
and normalised glucose tolerance in women taking these contraceptives. More
recent studies have shown that the side effects of low-dose combined oral con-
traceptives (nausea, vomiting, dizziness, depression and irritability) show no
better response to 150 mg vitamin By/day than to placebo [3].

Apparent vitamin Bg deficiency in women taking high-dose oestrogen-pro-
gestagen contraceptives was first reported by Rose in 1966 [18]. He reported im-
paired metabolism of tryptophan, with increased urinary excretion of xanthu-
renic and kynurenic acids after a test dose of the amino acid (see Fig. 3). Since
then there have been many reports of abnormal tryptophan metabolism in
women taking both oral contraceptives and menopausal hormone replacement
therapy, which have generally been interpreted as indicating oestrogen-induced
vitamin By deficiency or depletion.

In many cases tryptophan metabolism has been normalised by supplements
of 20-50 mg of vitamin By/day, but not by nutritionally relevant amounts. Fur-
thermore, when indices of vitamin By status other than tryptophan metabolism
have been assessed (e.g. the metabolism of a test dose of methionine, plasma
concentrations of B vitamers or the activation of erythrocyte transaminases by
pyridoxal phosphate added in vitro), these have been normal, suggesting that
the impairment of tryptophan metabolism may be due to an effect other than
vitamin By depletion [3].

One explanation of the beneficial effect of vitamin B supplements on trypto-
phan metabolism in women taking oestrogens, and indeed of the extreme sen-
sitivity of tryptophan metabolism as an index of vitamin B status, may lie in the
enzymology of kynureninase. In common with a number of other pyridoxal
phosphate dependent enzymes, kynureninase catalyses, slowly, the half-reaction
of transamination as an alternative to its usual reaction. This results in forma-
tion of pyridoxamine phosphate at the active site of the enzyme, and loss of ac-
tivity. The enzyme can only be reactivated if there is a sufficiently high concen-
tration of pyridoxal phosphate to displace pyridoxamine from the catalytic site
and reform the active holo-enzyme. Normally there is a considerable amount of
catalytically inactive kynureninase in the liver, which is activated by addition of
pyridoxal phosphate in vitro; this may be either true apo-enzyme or enzyme
that has been inactivated by transamination [19].

Another factor which may account for the reduction in excretion of trypto-
phan metabolites after a test dose in people receiving relatively high supplements
of vitamin Bg is the effect of pyridoxal phosphate on enzyme induction by
steroid hormones. The rate of entry of tryptophan into the oxidative pathway is
limited by the activity of tryptophan dioxygenase, which is induced by gluco-
corticoid hormones; high intakes of vitamin B4 would be expected to reduce
synthesis of the enzyme by terminating hormone action, so reducing metabolic
flux through the pathway.
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It was noted above that there is little evidence that oestrogens cause vitamin
B¢ deficiency or depletion, and although the metabolism of a test dose of tryp-
tophan is abnormal, other indices of vitamin By status are not. Oestrogen meta-
bolites are competitive inhibitors of kynureninase, and will impair tryptophan
metabolism, leading to results of a tryptophan load test similar to those seen in
vitamin B4 deficiency, but by a completely different mechanism. This suggests
that the tryptophan load test is not a useful index of vitamin B status for use in
field studies, although it is still useful in experimental depletion/repletion stu-
dies to determine requirements [20].

6.5.2
Impaired Glucose Tolerance and Diabetes Mellitus

Some 18% of women taking high dose oestrogen oral contraceptives showed
impaired glucose tolerance, which return to normal on withdrawal of the ste-
roids [21]. Impaired glucose tolerance is also common in pregnancy, and may be
severe enough to be classified as diabetes mellitus - so-called gestational dia-
betes, which usually resolves on parturition. Both in women taking these oral
contraceptives,and in gestational diabetes, a number of studies have shown that
supplements of around 100 mg of vitamin B¢/day result in improved glucose to-
lerance [22]. However, other studies have shown that while vitamin B¢ supple-
ments normalise tryptophan metabolism in pregnancy, they do not improve
glucose tolerance.

There are derangements of tryptophan metabolism in pregnancy, which re-
semble those seen in vitamin B4 deficiency. As discussed above, oestrogen me-
tabolites inhibit kynureninase, and they also lead to reduced activity of kynure-
nine hydroxylase (EC 3.7.1.3) and hydroxyanthranilate oxidase (EC 1.10.3.5),
although the mechanisms involved are unclear [23]. In experimental animals,
pregnancy has effects on tryptophan metabolism that are additive to those seen
in vitamin B deficiency, and are resistant to modest supplements of the vitamin.
As aresult,in pregnancy or in response to (high dose) oral contraceptives, tissue
concentrations of kynurenine, hydroxykynurenine and xanthurenic and kynu-
renic acids are higher than normal.

The impairment of glucose tolerance associated with high plasma levels of
oestrogens may be due to a high plasma concentration of xanthurenic acid,
which forms a biologically inactive complex with insulin [24]. The improve-
ment following high doses of vitamin By could then be explained by activa-
tion of apo-kynureninase or reactivation of kynureninase that has been in-
activated as a result of transamination. However, animal studies have failed
to demonstrate any effect of xanthurenic acid administration on glucose toler-
ance, and it has been suggested that the improvement in glucose tolerance in
response to vitamin B¢ was due to increased formation of quinolinic acid
as a result of relief of the impairment of kynureninase activity [25]. Quino-
linic acid is an inhibitor of phosphoenolpyruvate carboxykinase, one of the key
enzymes of gluconeogenesis, and the administration of tryptophan, to increase
synthesis of quinolinic acid, has also been reported to improve glucose toler-
ance.



90 6 Nutritional and Non-Nutritional Uses of Vitamin By

There are conflicting results on the effects of vitamin By status on glucose tol-
erance other than impairment associated with pregnancy or use of high-dose
contraceptives. There seems to be no effect of marginal vitamin By status on glu-
cose tolerance or insulin secretion in response to a glucose load in people with
non-insulin dependent diabetes. Indeed, there is one report that in a group of
non-diabetic subjects with marginal vitamin By status glucose tolerance was in
fact better than in those with adequate status [26]. The response of plasma in-
sulin to the glucose load was normal, suggesting enhanced sensitivity to the hy-
poglycaemic action of insulin in marginal vitamin B¢ deficiency. Other studies
have reported that in isolated pancreatic islets from vitamin Bs deficient rats
there is impaired secretion of insulin, and plasma insulin is significantly lower
than normal in the deficient rats in response to a glucose load [27, 28].

There is some evidence that pyridoxal phosphate may be beneficial in over-
coming some of the effects of poor glycaemic control in diabetes. In vitro pyri-
doxal phosphate inhibits the non-enzymic reaction between lysine and glucose
(the Maillard reaction). Administration of pyridoxal phosphate to genetically
diabetic mice has been reported to reduce the thickening of the glomerular
basement membrane, which has been attributed to non-enzymic glycation of
connective tissue proteins [29]. In one study of men with non-insulin dependent
diabetes [30], supplements of 150 mg vitamin By/day led to a significant reduc-
tion in glycated haemoglobin, and hence improved oxygen transport capacity,
although there was no change in glycaemic control. While these results suggest
beneficial effects of vitamin Bs supplementation in diabetes, the reduced glyca-
tion of proteins is due to reaction between pyridoxal phosphate and the amino
groups that would otherwise be glycated.

Overall there is little convincing evidence either that vitamin B supplements
will be of any use in the treatment of diabetes (possibly apart from gestational
diabetes), nor that vitamin By deficiency is a significant factor in the develop-
ment of diabetes.

6.5.3
Depression

There is a great deal of evidence that deficiency of serotonin (5-hydroxytryp-
tamine) or the catecholamines (dopamine, noradrenaline and adrenaline) is a
factor in depressive illness, and many antidepressant drugs act to decrease the
catabolism of amines or enhance their interaction with receptors. A key enzyme
involved in the synthesis of serotonin and the catecholamines is aromatic amino
acid decarboxylase (EC 4.1.1.28), which is pyridoxal phosphate dependent.
Therefore, it has been suggested that vitamin B deficiency may result in reduced
formation of the neurotransmitters, and so be a factor in the aetiology of de-
pression. Conversely, it has been suggested that supplements of vitamin Bs may
increase aromatic amino acid decarboxylase activity,and so increase amine syn-
thesis and have a mood elevating or antidepressant effect.

There is little evidence that vitamin Bg deficiency affects the activity of
aromatic amino acid decarboxylase [31]. In patients with kidney failure, under-
going renal dialysis, the brain concentration of pyridoxal phosphate falls to
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about 50% of normal, with no effect on serotonin, catecholamines or their me-
tabolites [32]. However, like kynureninase, aromatic amino acid decarboxylase
can undergo self-inactivation by catalysing transamination, and it is possible
that at times of low availability of pyridoxal phosphate, reactivation of the en-
zyme may be impaired, so that supplements of vitamin Bs may have an antide-
pressant action by increasing serotonin synthesis.

In rats, high doses of vitamin B4 (10 mg/kg body weight) lead to decreased
oxidative metabolism of tryptophan, an increased plasma concentration of
tryptophan, and increased uptake of tryptophan into the brain, leading to an in-
creased rate of serotonin turnover [33]. This suggests that vitamin By supple-
ments might be a useful adjunct to tryptophan for the treatment of depression.
It is likely that the impairment of tryptophan oxidation is the result of reduced
induction of tryptophan dioxygenase by glucocorticoid hormones in the pres-
ence of high concentrations of pyridoxal phosphate.

Overall, however, there is little or no evidence from clinical trials that vitamin
By is effective in the treatment of depressive illness.

6.5.4
The Premenstrual Syndrome

The studies showing that vitamin B4 supplements were effective in overcoming
some of the side effects of (high dose) oral contraceptives have led to the use
of vitamin B¢ in treatment of the premenstrual syndrome - the condition of
nervousness, irritability, emotional disturbance, headache and/or depression
suffered by many women for up to 10 days before menstruation. There is no
evidence that women who suffer from premenstrual syndrome have any lower
vitamin B, status that do others, and the doses used have been in the region of
50-200 mg/day, which is very much higher than would be required to correct
any deficiency of the vitamin [34-36].

Twelve placebo-controlled double-blind trials of vitamin B in the premens-
trual syndrome have been reviewed by Kleijnen et al. [37]; the evidence of
beneficial effects is weak. In three of the studies there was a significant beneficial
effect of vitamin B4 supplements of 100, 300 or 500 mg/day. Supplements of
50 mg/day were reported to have a significant beneficial effect on depression,
irritability and tiredness, but none of the other premenstrual syndromes. Sup-
plements of 150 mg/day led to some improvement in dizziness, vomiting and be-
havioural changes, but considerable physical and affective symptoms remained.
Five studies yielded ambiguous results, and a further three reported: an im-
provement for 82% of subjects receiving 100 mg vitamin By/day, and 70% of
those receiving placebo; a positive trend but no statistical significance using
200 mg/day; and disappointing and ‘not clear’ results using 50 mg/day. The
remaining four studies reported no beneficial effects of doses between 100-
500 mg/day.

Interestingly, one study [38] which reported no significant difference between
vitamin B¢ (100 mg/day) and placebo, showed that whichever treatment was
used second in a double-blind cross-over trial was significantly better than the
treatment used first.
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Despite the lack of evidence of efficacy, the major use of vitamin Bg supple-
ments, either prescribed or self-prescribed, is in the treatment of premenstrual
syndrome.

6.5.5
Morning Sickness

Doses of vitamin B4 between 50-200 mg have an anti-emetic effect, and the
vitamin has been used to overcome the nausea associated with radiotherapy.
It has also been used, empirically, since the 1940s to treat morning sickness
in pregnancy. It was included together with doxylamine succinate in Bendectin
(Debendox), which was prescribed for treatment of morning sickness, and
later withdrawn on suspicion of teratogenicity. There is little or no evidence of
teratogenic effects of the combined formulation, although the effects of vitamin
Bs on responsiveness to steroids and retinoids might affect critical stages on
embryological development [39].

There is no evidence that women who suffer from severe nausea and vomit-
ing in pregnancy have any lower vitamin B¢ nutritional status than others. Two
studies give some evidence of efficacy. A double blind trial of vitamin B, (25 mg
every 8 hours for 3 days) led to a significant reduction in vomiting, and an
improvement in nausea in those who initially reported severe nausea [40]. By
contrast,in a trial of 30 mg/day for 5 days there was a significant decrease in nau-
sea, with a non-significant trend indicating a reduction in vomiting [41]. Several
workers have noted that as morning sickness is a self-limiting condition, it is dif-
ficult to perform well-controlled trials.

6.5.6
Carpal Tunnel Syndrome

Carpal tunnel syndrome (compression of the median nerve as it passes through
the carpal tunnel, the space between the bones of the wrist and the connective
tissue over the flexor tendons) is a major source of occupational health prob-
lems. A number of studies have suggested that inadequate vitamin B¢ status is
an aetiological factor or that supplements may relieve the condition, although
there is no physiological reason to expect vitamin Bg to have any effect on the
aetiology or progression of the condition.

The early work in this area, and indeed most of the reports of a beneficial ef-
fect of vitamin B, have come from one group of workers [42, 43]. These studies
suggest that vitamin B4 deficiency, as assessed by erythrocyte aspartate amino-
transferase activity, is associated with carpal tunnel syndrome, and responds
only slowly to administration of doses of 100-200 mg of vitamin B¢/day for up
to 12 weeks.

A review of a number of studies [44] concluded that vitamin B¢ deficiency was
unlikely to be associated with occupational carpal tunnel syndrome, and noted
that all studies published at that time were flawed by a lack of scientific design.

In a double-blind controlled study [45] vitamin Bs had no advantage over pla-
cebo or no treatment at all; in a randomised prospective trial of vitamin Bg or
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placebo, there were no differences in electrophysiological signs, clinical signs or
symptoms between the two groups.

It thus appears that while there is some suggestion of symptomatic relief in
open trials, there is no evidence from double-blind placebo controlled trials that
vitamin By is effective in treating carpal tunnel syndrome.

6.5.7
Hypertension

Vitamin B¢ depletion leads to the development of hypertension in experimental
animals, which is normalised within 24 hours by repletion with the vitamin.
Four mechanisms, which are not mutually exclusive, have been proposed to ac-
count for this [46]:

a) Central effects on blood pressure regulation as a result of decreased synthe-
sis of brain y-aminobutyric acid (GABA) and serotonin (5-hydroxytrypta-
mine). Glutamate decarboxylase activity in the nervous system is especially
sensitive to vitamin B depletion, possibly as a result of mechanism-depen-
dent inactivation by transamination. While there is no evidence that aroma-
tic amino acid decarboxylase activity is reduced in vitamin By deficiency,
there is reduced formation of serotonin in the central nervous system [47].

b) Increased sympathetic nervous system activity. There is evidence of elevated
plasma concentrations of adrenaline and noradrenaline in vitamin Bg defi-
cient animals [48].

¢) Increased uptake of calcium by arterial smooth muscle,leading to increased
muscle tone, and hence increased circulatory resistance and blood pressure.
This could reflect increased sensitivity of vascular smooth muscle to calci-
triol (vitamin D) action in vitamin B4 deficiency; the membrane calcium-
binding protein is regulated by vitamin D and vascular tissue has calcitriol
receptors [49].

d) Increased end-organ responsiveness to glucocorticoids, mineralocorticoids
and aldosterone. Over-secretion of (and presumably also enhanced sensi-
tivity to) any of these hormones can result in hypertension. Vitamin B¢ sup-
plementation would be expected to reduce end-organ sensitivity to these
hormones, and thus might have a hypotensive action.

A number of studies suggest that supplements of vitamin Bs may have a hypo-
tensive action. Supplements of 300 mg vitamin Bs/kg body weight/day atte-
nuated the hypertensive response of rats treated with deoxycorticosterone
acetate [50]. At a more realistic level of supplementation (five times the usual
amount provided in the diet) vitamin B4 prevented the development of hyper-
tension in the Zucker (fa/fa) obese rat. Withdrawal of the vitamin supplement
led to the development of hypertension [51]. In patients with essential hyper-
tension, supplements of 5 mg/kg body weight/day led to reduced blood pres-
sure [52].
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6.6
Drug Interactions with Vitamin B,

The antituberculosis drug isoniazid (iso-nicotinic acid hydrazide) reacts non-en-
zymically with pyridoxal phosphate to form a metabolically inactive hydrazone,
resulting in functional vitamin B¢ deficiency [53]. This is most commonly seen as
secondary pellagra, due to impaired activity of kynureninase (see Fig. 3), and
hence impaired synthesis of nicotinamide nucleotides from tryptophan. The pel-
lagra responds to supplements of vitamin Bg. Isoniazid also leads to the develop-
ment of peripheral neuropathy, which responds to vitamin B¢ supplements. This
has led to the belief that vitamin By deficiency causes peripheral neuropathy,
although there is no evidence of this. The neuropathy seems to be an effect of iso-
niazid intoxication; the response to vitamin By is the result of removing isoniazid
as the pyridoxal adduct, rather than repleting vitamin B¢ deficient tissues [54].

When relatively high doses of isoniazid were used to treat tuberculosis, it was
common to give vitamin By supplements - this had no effect on the therapeutic
action of the drug, but did prevent the peripheral neuropathy and secondary pel-
lagra. When lower doses of isoniazid were introduced, in a therapeutic cocktail
with other medication, vitamin B supplementation became less usual. However,
cases of isoniazid-induced pellagra have been reported among people taking low
doses of isoniazid; it is likely that many of those affected were genetically slow
acetylators of isoniazid, so that a low dose was, for them, equivalent to a higher
dose for a fast acetylator [55]. There have been a number of reports of successful
treatment of acute isoniazid intoxication with vitamin B4 supplements.

Other hydrazine derivatives can also cause vitamin By depletion by forming
hydrazones, leading to the development of secondary pellagra, including the
anti-Parkinsonian drugs Benserazide (Roche) and Carbidopa (Merck, Sharp
and Dohme) [56].

When dopa was first introduced for the treatment of Parkinsonism, one of the
most frequent side effects was persistent nausea and vomiting. Because of the
(slight) evidence that vitamin Bg has an anti-emetic and anti-nauseant action,
supplements were given together with dopa. The result was a considerable re-
duction in the efficacy of dopa in controlling Parkinsonian signs and symptoms;
the magnitude of the effect was related to the dose of pyridoxine given. The
problem was due to the formation of a stable adduct between pyridoxal phosphate
and dopa, which not only reduced the concentration of dopa available for uptake
into the brain, but also acted as an inhibitor of aromatic amino acid decarboxy-
lase [57].

Theophylline therapy for asthma can cause seizures, apparently as a result of
reaction with pyridoxal phosphate, leading to low plasma concentrations, and
hence reduced synthesis of GABA in the central nervous system. The admin-
istration of vitamin B¢ to mice treated with theophylline reduces the number of
seizures; in rabbits, vitamin B4 reverses the changes in electro-encephalogram
caused by high doses of theophylline [58].

High doses of vitamin B4 may lower blood concentrations of anticonvulsant
medication such as phenytoin and phenobarbitone, apparently by increasing the
rate of metabolism of the drugs [59].
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6.7
Toxicity of Vitamin By

Animal studies have shown that vitamin By is potentially neurotoxic, causing
peripheral neuropathy, with ataxia, muscle weakness and loss of balance in dogs
given 200 mg pyridoxine/kg body weight for 40-75 days, and the development
of a swaying gait and ataxia within 9 days at a dose of 300 mg/kg body weight
[60,61]. At the lower dose of 50 mg/kg body weight there are no clinical signs of
toxicity, but histologically there is loss of myelin in dorsal nerve roots. At higher
doses there is widespread neuronal damage, with loss of myelin and degener-
ation of sensory fibres in peripheral nerves, the dorsal columns of the spinal
cord and the descending tract of the trigeminal nerve. The clinical signs of toxi-
city after 200-300 mg vitamin B¢/kg body weight regress within three months
after the withdrawal of these massive doses, but sensory nerve conduction velo-
city, which decreases during the development of the neuropathy, does not re-
cover fully [62].

In 1983, sensory neuropathy was reported [63] in seven patients who had
been taking between 2-7000 mg of pyridoxine/day for several months for a
variety of reasons. On withdrawal of the vitamin supplements there was con-
siderable recovery of neuronal function, although there was some residual nerve
damage in some patients. In a later study, giving 1 or 3 g vitamin Be/day to
healthy volunteers, electrophysiological and clinical abnormalities developed at
the same time, and developed sooner in subjects receiving the higher dose of
the vitamin. Symptoms continued to progress for 2-3 weeks after cessation
of the supplements before regressing, although plasma concentrations of py-
ridoxal phosphate had returned to normal.

There has been one report of the development, within 2 years, of sensory
neuropathy in an infant with vitamin Bs dependent seizures treated with
2000 mg/day, but over the following 16 years the neuropathy did not progress
[64]. However, most reports of patients with vitamin B, dependency diseases do
not mention sensory neuropathy. One study has reported electrophysiological
and neurological examination of 17 homocystinuric patients who had been
treated with 200 - 500 mg vitamin Be/day for 10-24 years; there was no evidence
of neuropathy [65].

None of the studies in which there has been objective neurological examina-
tion has shown any evidence of sensory nerve damage at intakes of vitamin By
below 200 mg/day, and most have shown adverse effects only at considerably
higher levels of intake.

One study [66] has suggested that relatively modest doses of vitamin B4 may
cause sensory nerve damage. Women who were taking 50-100 mg vitamin
Be/day for premenstrual syndrome were specifically asked to report symptoms
such as tingling in the fingers, which might be interpreted as evidence of sensory
neuropathy; a significant number of those taking 50 mg/day reported such sym-
ptoms. However, there was no neurological examination of any of the subjects,
and no patients with similar premenstrual symptoms but not taking vitamin By
were asked the same questions. By contrast, a retrospective examination of the
records of 630 women who had received 40-200 mg of vitamin B for treatment
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of premenstrual syndrome found no reports of symptoms that suggested peri-
pheral neuropathy.

The mechanism of nerve damage caused by vitamin B4 supplements is not
known. It is unlikely that pyridoxal phosphate itself is responsible. In patients
with hypophosphatasia (lack of plasma alkaline phosphatase plasma concen-
trations of pyridoxal phosphate are very considerably higher than normal, even
at normal intakes of the vitamin. However, the On-line Mendelian Inheritance
in Man database [67] lists seizures as the only neurological sign in the (auto-
somal recessive) infant and childhood forms of the disease, and no neurological
signs at all in the (autosomal dominant) adult form of the disease. Further-
more, plasma concentrations of pyridoxal phosphate do not rise above about
1000 nmol/l (10-15-fold higher than normal) even at very high levels of intake
of the vitamin. However, plasma concentrations of pyridoxal and 4-pyridoxic
acid do continue to increase with increasing intakes of the vitamin. This sug-
gests that pyridoxal (or perhaps 4-pyridoxic acid) rather than pyridoxal phos-
phate, may be neurotoxic. Studies with cells in culture also support a cytotoxic
effect of pyridoxal.

While there is no doubt that vitamin B is neurotoxic in gross excess, there is
considerable controversy over the way in which toxicological data have been
translated into limits on the amounts that may be sold freely as ‘nutritional sup-
plements’. This appears to have been achieved by the application of standard
toxicology safety margins, and taking as the upper safe limit of intake one percent
of the ‘no adverse effect level’. While this is appropriate for setting limits on ad-
ditives and contaminants, it can be argued that it is not appropriate as a basis for
setting limits on a nutrient; indeed for many nutrients an upper limit of intake
established in this way would be below the average requirement to prevent defi-
ciency. There is little evidence, apart from the report of an uncontrolled study,
that intakes of up 200-500 mg vitamin B¢/day for prolonged periods, are asso-
ciated with any adverse effects); clinical signs of neuropathy are associated with
higher levels of intake, typically in excess of 1000 mg/day.

There is little convincing evidence that supplements of vitamin Bs above
levels to prevent deficiency have any beneficial effects, although a consider-
able number of women report or believe that supplements relieve the symp-
toms of the premenstrual syndrome. Equally, there is little convincing evidence
that the levels of intake that are suggested or believed to be beneficial in
treating the premenstrual syndrome are associated with any significant toxic
hazard.

6.8
References

1. Department of Health. Committee on Toxicity of Chemicals In Food, Consumer Products
and the Environment. Statement on vitamin B (pyridoxine) toxicity. http://www.open.gov.uk/
doh/hef/Bg.htm. 1997

2. Ink SL, Henderson LM. Vitamin Bs metabolism. Annual Review of Nutrition 1984; 4:
455-470

3. Bender DA. Oestrogens and vitamin B, - actions and interactions. World Review of Nutri-
tion and Dietetics 1987; 51: 140-88



6.8 References 97

4.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

Allgood VE, Cidlowski JA. Vitamin Bs modulates transcriptional activation by multiple
members of the steroid hormone receptor superfamily. Journal of Biological Chemistry
1992; 267: 3819-3824

. Wiss O, Weber E. Biochemical pathology of vitamin B deficiency. Vitamins and Hormones

1964; 22: 495-501

. Department of Health. Report on Health and Social Subjects no 41: Dietary Reference

Values for Food Energy and Nutrients for the United Kingdom. 1991, London, HMSO

. National Research Council. Recommended Dietary Allowances 10™ Edition. 1989, Wash-

ington, National Academy Press

. Bender DA. Vitamin B4 requirements and recommendations. European Journal of Clinical

Nutrition 1989; 43: 289-300

. Verhoef P, Stampfer MJ. Prospective studies of homocysteine and cardiovascular disease.

Nutrition Reviews 1995; 3: 283-288

Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg IH. Vitamin status and intake as pri-
mary determinants of homocysteinemia in an elderly population. Journal of the American
Medical Association 1993; 270: 2693-2698

Rimm EB, Willett WC, Hu FB, Sampson L, Colditz GA, Manson JE, Hennekens C, Stampfer
MJ. Folate and vitamin By from diet and supplements in relation to risk of coronary
heart disease among women. Journal of the American Medical Association 1998; 279: 359~
364

Dierkes J, Kroesen M, Pietrzik K. Folic acid and vitamin B4 supplementation in healthy
young women. International Journal of Vitamin and Nutrition Research 1998; 68: 98-103
Ubbinck JB, Vermaak WJH, van der Merwe A, Becker P], Delport R, Potgieter HC. Vitamin
requirements for the treatment of hyperhomocystinaemia in humans. Journal of Nutri-
tion 1994; 124: 1927-1933

Ubbinck JB. The role of vitamins in the pathogenesis and treatment of hyperhomo-
cyst(e)inaemia. Journal of Inherited Metabolic Diseases 1997; 20: 316-325

Homocysteine lowering trialists’ collaboration. Lowering blood homocysteine with folic
acid based supplements: meta-analysis of randomised trials. British Medical Journal 1998;
316: 894-898

Merrill AH, Henderson LM. Diseases associated with defects in vitamin B4 metabolism or
utilisation. Annual Review of Nutrition 1987; 7: 137-156

Bender DA. Non-nutritional uses of vitamin Bg. British Journal of Nutrition 1999; 81: 7-20
Rose DP. The influence of oestrogens on tryptophan metabolism in man. Clinical Science
1966; 31: 265-272

Meister A. On the transamination of enzymes. Annals of the New York Academy of Scien-
ces 1990; 585: 13-31

Bender DA, Wynick D. Inhibition of kynureninase (L-kynurenine hydrolase, EC 3.7.1.3) by
oestrone sulphate, an alternative explanation for abnormal results of tryptophan load
tests in women receiving oestrogenic steroids. British Journal of Nutrition 1981; 45:
269-275

Wynn V, Doar JW. Some effects of oral contraceptives on carbohydrate metabolism. Lan-
cet 1966; (ii) 715-719

Rose DP, Leklem JE, Brown RR, Linkswiler HM. Effect of oral contraceptives and vitamin
By deficiency on carbohydrate metabolism. American Journal of Clinical Nutrition 1975;
28:872-878

Bender DA, Totoe L. Inhibition of tryptophan metabolism by oestrogens in the rat, a fac-
tor in the aetiology of pellagra. British Journal of Nutrition 1984; 51: 219-224

Kotake Y, Ueda T, Mori T, Igaki S, Hattori M. Abnormal tryptophan metabolism and expe-
rimental diabetes by xanthurenic acid. Acta Vitaminologica et Enzymologica 1975; 29:
236-239

Adams PW, Wynn V, Folkard J, Seed M. Influence of oral contraceptives, pyridoxine (vita-
min Bg), and tryptophan on carbohydrate metabolism. Lancet 1976; (i) 759-764

Rao RH. Glucose tolerance in subclinical pyridoxine deficiency in man. American Journal
of Clinical Nutrition 1983; 38: 440-444



98

6 Nutritional and Non-Nutritional Uses of Vitamin Bg

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Toyota T, Kai Y, Kakizaki M, Ohtsuka H, Shibata Y, Goto Y. The endocrine pancreas in py-
ridoxine deficient rats. Tohoku Journal of Experimental Medicine 1981; 134: 331-336

Rao KS, Mohan PS. Plasma somatomedin activity, growth hormone and insulin levels in
vitamin Bg deficient rats. Hormone and Metabolic Research 1982; 14: 580-582

Hayakawa M, Shibata M. The in vitro and in vivo inhibition of protein glycosylation and
diabetic vascular basement membrane thickening by pyridoxal 5’-phosphate. Journal of
Nutritional Science and Vitaminology (Tokyo) 1991; 37: 149-159

Solomon LR, Cohen K. Erythrocyte O, transport and metabolism and effects of vitamin
Bg therapy in type II diabetes mellitus. Diabetes 1989; 38: 881-886

Eiduson S, Yuwiler A, Eberle ED. The effect of pyridoxine deficiency on L-aromatic amino
acid decarboxylase and tyrosine aminotransferase in developing rat brain. Advances in
Biochemical Psychopharmacology 1972; 4:63-80

Perry TL, Yong VW, Kish S, Ito M, Foulks ]G, Godolphin W], Sweeney VP. Neurochemical
abnormalities in brains of renal failure patients treated by repeated hemodialysis. Journal
of Neurochemistry 1985; 45: 1043-1048

Bender DA, Totoe L. High doses of vitamin B are associated with inhibition of hepatic
tryptophan metabolism and increased uptake of tryptophan into the brain. Journal of
Neurochemistry 1984; 43: 733-736

Ritchie CD, Singkamani R. Plasma pyridoxal 5’-phosphate in women with the premen-
strual syndrome. Human Nutrition: Clinical Nutrition 1986; 40: 75-80

van den Berg H, Louwerse ES, Bruinse HW, Thissen ]T, Schrijver J. Vitamin Bg status of
women suffering from premenstrual syndrome. Human Nutrition: Clinical Nutrition
1986; 40: 441-450

Mira M, Stewart PM, Abraham SE. Vitamin and trace element status in premenstrual syn-
drome. American Journal of Clinical Nutrition 1988; 47: 636-641

Kleijnen ], Ter-Riet G, Knipschild P. Vitamin By in the treatment of the premenstrual syn-
drome - a review. British Journal of Obstetrics and Gynaecology 1990; 97: 847-852

Hagen I, Nesheim BI, Tuntland T. No effect of vitamin B-6 against premenstrual tension.
A controlled clinical study. Acta Obstetrica et Gynecologica Scandinavica 1985; 64: 667-670
Brent RL. Bendectin: review of the medical literature of a comprehensively studied human
nonteratogen and the most prevalent tortogen litigen. Reproductive Toxicology 1995; 9:
337-349

Sahakian V, Rouse D, Sipes S, Rose N, Niebyl ]. Vitamin By is effective therapy for nausea
and vomiting of pregnancy:, a randomized, double-blind placebo controlled study. Obste-
trics and Gynecology 1991; 78: 33-36

Vutyavanich T, Wongtra-ngan S, Ruangsri R. Pyridoxine for nausea and vomiting of preg-
nancy, a randomized, double-blind, placebo controlled trial. American Journal of Obste-
trics and Gynecology 1995; 173: 881-884

Ellis JM, Kishi T, Azuma J, Folkers K. Vitamin B deficiency in patients with a clinical syn-
drome including the carpal tunnel defect. Biochemical and clinical response to therapy
with pyridoxine. Research Communications in Chemical Pathology and Pharmacology
19765 13: 743-757

Ellis JM, Folkers K. Clinical aspects of treatment of carpal tunnel syndrome with vitamin
Bs. Annals of the New York Academy of Sciences 1990; 585: 302-320

Amadio PC. Carpal tunnel syndrome, pyridoxine, and the work place. Journal of the Hand
Surgeons of America 1978; 12: 875-880

Stransky M, Rubin A, Lava NS, Lazaro RP. Treatment of carpal tunnel syndrome with vita-
min Bg: a double blind study. Southern Medical Journal 1989; 82: 841-842
Dakshinamurti K, Lal KJ. Vitamins and hypertension. World Review of Nutrition and Di-
etetics 1992; 69: 40-73

Dakshinamurti K, LeBlanq WD, Herchl R, Havelicek V. Non-parallel changes in brain
monoamines of pyridoxal deficient growing rats. Experimental Brain Research 1976; 26:
355-366

Paulose CS, Dakshinamurti K, Packer S, Stephens NL. Sympathetic stimulation and
hypertension in the pyridoxine deficient adult rat. Hypertension 1998;11: 387-391



6.8

References 99

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lal KJ, Dakshinamurti K. The relationship between low calcium induced increase in
systolic blood pressure and vitamin By. Journal of Hypertension 1995; 13: 327-332

Fregly MJ, Cade JR. Effect of pyridoxine and tryptophan, alone and combined, on the
development of deoxycorticosterone acetate induced hypertension in rats. Pharmacology
1995; 50: 298-306

Lal KJ, Dakshinamurti K, Thliveris J. The effect of vitamin B, on the systolic blood pres-
sure of rats in various animal models of hypertension. Journal of Hypertension 1996; 14:
355-363

Aybak M, Sermet A, Ayyildiz MO, Karakilcik AZ. Effect of oral pyridoxine hydrochloride
supplementation on arterial blood pressure in patients with essential hypertension. Arz-
neimittelforschung 1995; 45: 1271-1273

Vilter RW. The vitamin Bg-hydrazide relationship. Vitamins and Hormones 1964; 22:
797-805

Snider DE. Pyridoxine supplementation during isoniazid therapy. Tubercle 1980; 61:
191-196

Bender DA, Russell Jones R. Isoniazid-induced pellagra despite vitamin-B, supplementa-
tion. Lancet 1979; (ii), 1125-1126

Bender DA, Earl CJ, Lees AJ. Niacin depletion in Parkinsonian patients treated with L-dopa,
benserazide and carbidopa. Clinical Science 1979; 56: 89-93

Fellman JH, Roth ES. Inhibition of tyrosine aminotransferase activity by L-dihydroxy-
phenylalanine. Biochemistry 1971; 10: 408-414

Glenn GM, Krober MS, Kelly P, McCarty J, Weir M. Pyridoxine as therapy in theophylline
induced seizures. Veterinary and Human Toxicology 1995; 37: 342-345

Hansson O, Sillanppaa M. Pyridoxine and serum concentration of phenytoin and pheno-
barbitone. Lancet 1976; (i) 256

Phillips WE, Mills JH, Charbonneau SM, Tryphonas L, Hatina GV, Zawidzka Z, Bryce FR,
Munro IC. Subacute toxicity of pyridoxine hydrochloride in the beagle dog. Toxicology
and Applied Pharmacology 1978; 44: 323-333

Krinke G, Schaumburg HH, Spencer PS, Suter J, Thomann O, Hess R. Pyridoxine megavi-
taminosis produces degeneration of peripheral sensory neurons (sensory neuronopathy)
in the dog. Neurotoxicology 1980; 2: 13-24

Schaeppi U, Krinke G. Pyridoxine neuropathy: correlation of functional tests and neuro-
pathology in beagle dogs treated with large doses of vitamin Bg. Agents and Actions 1982;
12: 575-582

Schaumburg H, Kaplan J, Windebank A, Vick N, Rasmus S, Pleasure D, Brown M]. Sensory
neuropathy from pyridoxine abuse. A new megavitamin syndrome. New England Journal
of Medicine 1983; 309: 445-448

McLachlan RS, Brown WE. Pyridoxine dependent epilepsy with iatrogenic sensory neu-
ronopathy. Canadian Journal of Neurological Science 1995; 22: 50-51

Mpofu C, Alani SM, Whitehouse C, Fowler B, Wraith JE. No sensory neuropathy during
pyridoxine treatment in homocystinuria. Archives of Disease in Childhood 1991; 66:
1081-1082

Dalton K, Dalton MJ. Characteristics of pyridoxine overdose neuropathy syndrome. Acta
Neurologica Scandinavica 1987; 76: 8-11

On-Line Mendelian Inheritance in Man http://www3.ncbi.nlm.nih.gov/Omim/



7 Folic Acid and Disease Prevention:
A Long Day’s Journey Into Light

Christopher Schorah

7.1
Introduction

For many years it was believed that our diets need only provide enough of a par-
ticular vitamin to prevent the occurrence of severe deficiency disease. As most
people in developed societies ate considerably more than this, there was com-
placency about our vitamin intake. Suggestions that requirements should be
greater than those preventing overt deficiency, were often treated with disdain
and contempt by the nutritional establishment. It was this attitude that fuelled
the scientific shindy which greeted the publication of research indicating that
intakes of folic acid' considerably higher than those preventing overt deficiency
would prevent some serious birth defects [2]. In all, a long trek was needed to
establish that this was indeed the case [3]. This is the story of that journey.
Recent evidence indicating that increased intakes of folate may bring even
more health benefits than the prevention of congenital malformations is also
considered.

7.2
Folate Prevention of Neural Tube Defects

In the winter of 1944/45, the Dutch were having a hard time of it. In support of
the allied landings in Normandy, there had been a strike in Holland and this,and
the response of the occupying forces to the strike, had prevented distribution of
food. By the time the issue was resolved, Holland was in the grip of a particularly
hard winter, the canals had frozen and food distribution was very difficult. This
resulted in what has become known as the Dutch Hunger Winter [4]. It was a
short, sharp famine, lasting at its severest, about 3 months. Because social, scien-
tific and medical facilities remained largely intact, aspects of the effect of the
famine on health have been recorded. This is particularly true with regard to
pregnancy [4].

The metabolism of folic acid is complex and there are many different naturally occurring
metabolites [1] most of which, unlike folic acid itself, occur in food. These are referred to
collectively as folate. Folic acid, or pteroylmonoglutamate, is the specific form of folate used
by the pharmaceutical industry in supplements, and the food industry for food fortification,
and when that term is used here, it will denote that form of folate only.

. K. Ransley et al.(eds.), Food and Nutritional Supplements
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The findings contained within these records were perhaps surprising in that
short, severe food deprivation seemed to have relatively little effect on the out-
come of pregnancy. Birth rate was considerably reduced, probably due to amen-
orrhoea, and many children were small-for-dates. However, these infants grew
rapidly when the food supply improved, and seem to have suffered no long term
ill effects from their deprivation. The only indication of permanent disadvant-
age was evidence which showed a significant increase in the prevalence of some
malformations of the central nervous system, known as neural tube defects
(NTD). These malformations occur very early in pregnancy, probably between
the 20th and 28th day following conception, and are caused by a failure of the de-
veloping neural tube to close properly. If the lesion is towards the posterior end
of the tube, which will eventually form the spine, then the condition is known as
spina-bifida; if anterially, where the brain will develop, then the malformation is
anencephaly, which is an absence of the fore-brain. Anencephalics do not sur-
vive, but children with spina bifida can live well into their teens and beyond.
However, this malformation often results in major disability, with paralysis
below the site of the lesion, double incontinence, and hydrocephalus, due to
impaired flow of spinal fluids. The findings in Holland were not the first to sug-
gest an association of the condition with poor nutrition. In the United Kingdom,
social class and geographic differences in the prevalence of NTD, suggested
a link with socio-economic disadvantage [5]. This association with poverty
does not necessarily imply poor nutrition as the cause, because a number of
environmental factors, such as infection [6], soft water [7],and the consumption
of blighted potatoes [8], can also be associated with disadvantage. However,
the findings in Holland firmly implicated a nutritional component, partic-
ularly as the malformation was most common when the height of the famine
coincided with early pregnancy. There was also an indication that the nutri-
tional deficiency could focus on folic acid, because there was evidence of dis-
turbed maternal folate metabolism at the end of pregnancies associated with
NTD [9].

Together, these associations began to make an increasingly powerful case for
undernutrition as a causal factor in NTD, and to clarify the situation, Smithells
and colleagues [10] undertook a detailed investigation of the nutrition of
mothers in early pregnancy, close to the time of neural tube closure. Well over
1,000 women were investigated for approximately 20 nutritional indices. The
only differences found in those who subsequently had an NTD -affected infant,
were lower maternal levels of red cell folic acid, and white cell vitamin C.

It is biological plausible to implicate deficiencies of folic acid in the cause of
NTD. The vitamin is required for the synthesis of bases found in DNA and is
therefore crucial to cell division (Fig. 1). Early in pregnancy, at the time of clo-
sure of the neural tube, the cells in the neural folds are dividing very rapidly, and
hence they need a good supply of components required for the synthesis of
nucleic acids. Itis also a very critical time in the supply of nutrients to the foetus.
At the start of neural tube closure the fetal heart is not yet beating, and nutrients
need to diffuse from a digest of maternal cells, through maternal and embryonic
tissue to the site of their activity. The growth of the developing foetus is be-
ginning to compromise this nutrient supply by increasing the diffusion path
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dietary folates
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purine/pyrimidine synthesis
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cell division

Fig. 1. Simplified scheme outlining the metabolic roles of folate

beyond efficient limits, but the development of an effective circulation of fetal
blood is still some days away [11].

If impaired folate supply was indeed a cause of NTD, then increased intakes
of the vitamin could be preventive. Our research group, therefore, undertook a
series of periconceptional multi-vitamin intervention studies with the supple-
ment Pregnavite forte F (Bencard) 2, 12-15], which provided approximately the
recommended daily intake for pregnancy of most vitamins, including folic acid,
but not vitamin B,,. This was, therefore, not a high dose regimen, but one which
could be considered physiological. The studies were undertaken in women who
had already had at least one infant with NTD and who where, therefore, at in-
creased risk of a recurrence (about 5% risk). The results were striking. There
was an 809% reduction in the prevalence of the condition in women who receiv-
ed the supplements, whilst the rate in the unsupplemented group was about
that which would be expected for a high-risk population. However, because the
study was not randomised, it was suggested that the findings could be due to the
selection process which had inadvertently led to a group of women at low risk of
recurrence being chosen for supplementation {16 - 19]. Quite rightly, randomis-
ed intervention studies with vitamins were planned, but before the findings of
these studies were known, further publications and more detailed analysis of the
data from the Smithells group, indicated that selection bias was a very unlikely
explanation for the findings [5,20]. This was particularly so in Northern Ireland,
where periconceptional multi-vitamin supplementation, extending with time to
an increasing proportion of women at high risk for NTD, had almost eliminated
recurrence of the condition in the province.

The controversy was finally laid to rest when the Medical Research Council
published the findings of their randomised intervention study which, with
its four arms including folic acid alone and multivitamins without folate, was
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clearly able to show that folic acid, and not other vitamins, dramatically de-
creased the recurrence of NTD [3]. The results of a large randomised interven-
tion study in Hungary, followed almost immediately afterwards and showed that
multivitamin intervention was also able to reduce the occurrence of NTD in the
general population [21].

It is now clear that appropriate folate supplementation will prevent a large
proportion of these malformations. Because the malformation occurs very early
in pregnancy, supplementation needs to start before conception. Supplement-
ation starting after confirmation of pregnancy will be beyond the critical time
point when the neural tube closes, and will almost certainly by ineffective [22].

Following these findings important public health issues arose for example,
how much folate is needed in the diet to maximise the prevention of NTD? How
can health professionals ensure that women of child bearing age receive this in
their diet before they conceive? Before addressing these questions, other situa-
tions where increased folate intake has been implicated in the prevention of
disease must be considered.

7.3
Other Congenital Malformations and Folate

If the action of folate is indeed one of encouraging fetal cell division and provi-
sion of adequate cell material for the closure of the neural tube, it could have an
effect on other malformations? Czeizel’s study [21] of prevention of NTD occur-
rence was sufficiently large to look at its impact on all malformations. The results
indicated that not only was there a significant effect on the prevalence NTD, but
all types of malformation were reduced by about 50% [23]. These findings re-
quire confirmation, as a multivitamin preparation was used, but this may now
not be possible because withholding folate in an intervention study in preg-
nancy is no longer ethically acceptable because of its ability to prevent NTD.

7.4
Folate, Homocysteine and Occlusive Vascular Disease

For many years it has been known that patients who are homozygous for ho-
mocystinuria, are at increased risk of occlusive vascular disease (OVD). These
patients have extremely high levels of plasma homocysteine, due to defects in
the metabolism of this amino acid. More recently it has been shown that even
moderate elevations of plasma homocysteine are associated with the condition.
Reviews of a large number of retrospective epidemiological surveys and a few
prospective studies, now indicate that homocysteine is an independent risk fac-
tor for stroke, ischaemic heart disease and peripheral vascular disease [24, 27].
It is not known whether the elevated homocysteine is causal, or just associated
with the condition. However, recent evidence from prospective studies showing
that the highest homocysteine levels are associated with both the most severe
disease and the most rapid rate of disease progression, indicates that homo-
cysteine is a causative agent [28 -31]. If this is the case, then it could account for
about 30% of risk of OVD.
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Homocysteine is metabolised partially by conversion to methionine (Fig. 1)
and this step requires methylation by folate. It is not, therefore, surprising that
the body’s supply of folate is inversely related to plasma levels of homocysteine
[26, 32-37]. This is true whether considering the circulating levels of folate or
folate intake. Further, several recent studies have shown that physiological and
supraphysiological increases in folate intake are able to reduce plasma homo-
cysteine levels [38-41] illustrating that there is a simple and non-toxic way of
decreasing a potentially atherogenic agent. If this potential is realised, then an
increased supply of folate, not only to a relatively small group of women who are
about to conceive, but to the general population, will significantly impact the
prevalence of a major disease. Again, as with folate prevention of NTD, the cen-
tral issue will be, how much folate is needed, and how is it to be provided?

7.5
Folate Requirements and Provision

Table 1 gives an approximate estimation of the prevalence of NTD at different in-
takes of folate. It is clear from this that folate intakes less than 200 pg should be
avoided in all pregnancies, and that an average intake, which is feasible and
which will move towards maximising prevention, is about 500 pg per day. As dis-
cussed earlier, recent publications suggest that such an increase in intake could
also have a significant impact on OVD, through its effect on plasma homocy-
steine [38-41]. When one realises that inadequate folate supply has also been as-
sociated with an increased risk of some cancers [45], although not strongly, and
is definitely associated with a reduced prevalence of all malformations [23], it
would seem that an intake of 500 pg of folate each day for everyone is the ideal
which should be an achievable goal. First of all, this means that individuals who
are at particularly high risk of either fetal malformation, because of previous
abnormal births, or occlusive vascular disease, because of particular high ho-
mocysteine levels, should receive appropriate folate supplements. But these are
specific cases. They will be identified from their medical history, and can receive
individual therapy accordingly. What about those who have no history of fetal
malformation or occlusive vascular disease? There are potentially three ways
adequate folate supply can be achieved in the general population. These are:
changed diet, supplements and food fortification.

Table 1. Estimated first trimester prevalence of NTD in the
UK at different intakes and tissue reserves of folate. Derived
from data in references [2, 10, 21, 42 - 44]

Erythrocyte folate Folate intake Estimated NTD

(ng/h (ng/d) revalence/1000
pregnancies

<150 <200 8.0

150-400 200-400 1.5

>400 400-600 <0.5
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7.6
Changed Diet

Table 2 gives an outline of food sources of folate. Whilst small amounts of folate
are present in many foods, rich sources tend to be in foods that are not commonly
eaten. A diet that contained this author’s recommended average of 500 ug per day,
would need to be high in liver or liver products, pulses and dark green vegetables.
This is neither a typical diet, nor one that is likely to be popular. There is also evi-
dence that food-forms of folate are less biologically available than pteroylmono-
glutamate, the form of folate used in supplements and food fortification. It is thus
almost impossible for dietary modifications alone to achieve an adequate folate
supply at the present time. Health professionals do need to continue to recom-
mend increased consumption of fruit and vegetables, because this diet is asso-
ciated with reduced risk of cancer [46] and possibly ischaemic heart disease, but
this is not going to maximise disease prevention through increased folate supply.

7.7
Supplements

Supplements of folic acid are very effective as indicated by their ability to pre-
vent NTD in the multivitamin intervention studies [2, 3, 12-15, 21]. They are
cheap and, at the level suggested, non-toxic. They will, however, only be taken by
those who are both aware and understand the need. The syndrome of socio-
economic disadvantage dictates that, those who most need an increased supply
because of poor diet are least likely to take supplements. A further example of
ineffectiveness of supplements are unplanned pregnancies, said to be about 40 %
of all pregnancies in the UK [47,48]. A woman is very unlikely to take a supple-
ment for pregnancy when she is not intending to conceive. The poor penetration
of supplement use has been reported. Figures show that two years after the
publication of the MRC study, supplement use was very low in women of child-
bearing age, and had still only risen to about 30% of this population, even after
a major government education initiative [48].

Table 2. Examples of foods containing relatively high levels of
folate

Folate sources

Dark green vegetables:
broccoli, spinach, Brussel sprouts, asparagus, spring greens

Pulses:

lentils, mung beans, red kidney beans, chick peas
Offal:

liver, paté, kidney

Concentrated sources:

Bovril, Marmite, yeast
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7.8
Food Fortification

Food fortification is the only alternative that is likely to produce a real impact on
folate intake and disease prevention. Table 3 gives a summary of how the forti-
fication of staple foods such as cereals and bread could achieve my suggested
minimum intake of folic acid in almost the whole population, and an increase in
average intakes to 500 pg per day. The only argument against such a policy is that
a significant number of individuals who would receive an increased folate sup-
ply would not need it. This argument only has weight if this is detrimental. There
is no evidence that an increased intake of folic acid of up to 1 mg per day, and
particularly if taken in divided doses through food fortification, would have any
detrimental impact on the population. The diversionary arguments or “red her-
rings” that have been used to distract the UK Government’s decision making
bodies from going ahead with food fortification, include the potential for folic
acid to increase convulsions, and mask vitamin By,. deficiency. Folate intakes
that would have any tendency to produce these effects are above 1 mg, taken as
a single pharmacological dose, indeed the threshold is probably closer to 5 mg
than 1 mg [51].1t is estimated that through voluntary supplement use during the
last 20 years, an increasing proportion of the population of the USA has been
consuming folate at a higher intake than 500 pmg per day however no increased
prevalence of epilepsy or masked vitamin B, deficiency has been recorded in
this group.

Table 3. Proposals for maximising folate prevention of disease by food fortification

Suggested new daily folate requirements

All intakes >200 pg/d

Average intake 500 pg/d

Proposed mandatory folic acid fortification of food to achieve requirements
Cereals 150 ug/portion

Bread 70 pg/slice

Chapati flour 70 pg/chapati

Effects of fortification on daily folate intakes (pg/d)
Minimum (2.5th percentile of population)

Current® (without proposed fortification) 125
Cereals (increase with proposed fortification) 25
Bread” (increase with proposed fortification) 50
Total (with fortification) 200
Average (50th percentile of population)

Current” (without proposed fortification) 255
Cereals® (increase with proposed fortification) 70
Bread® (increase with proposed fortification) 175
Total (with fortification) 500

? See [49, 50].
® Women of child bearing age consume 2.5 slices/day and 99% eat bread (50).
¢ 70% of population eat cereals, current average level of fortification is 50 ug/serving.
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Finally, overt folate-deficiency anaemia (megablastosis) is not uncommon in
the sick elderly [52]. Food fortification could effectively eliminate this problem.

7.9
Conclusions

Increased folate intake in the diet at high physiological doses will considerably
reduce the prevalence of NTD and probably have an impact on other major mal-
formations. It could also prevent up to 30% of cases of OVD and would virtually
eliminate folate deficiency anaemia. A good public health policy would recom-
mend consumption of green vegetables demand mandatory fortification of food
with folate and provide supplements for those at especially high risk.

The USA is already fortifying flour with folic acid, although the levels need
to be increased. It is timely that the United Kingdom and the rest of Europe
followed suit. Indeed, if homocysteine is found to be a causal risk factor for
occlusive vascular disease, there will be no excuse for not immediately adopting
a mandatory food-fortification policy in the UK and the rest of Europe.
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8 The Addition of Micronutrients to Food

H. Frank Woods

8.1
Introduction

The practice of adding micronutrients to food with the objective of correcting a
dietary deficiency, has its origins in the nineteenth century. In the twentieth
century, mainly as a result of two World Wars, the practice has become wide-
spread, extending beyond the aim of treating specific deciciency diseases to the
objective of their prevention through the addition of micronutrients to certain
dietary constituents. More recently attention has been given to the prevention of
inherited and acquired disease through the use of micronutrient supplemen-
tation. There is, in addition, the emergence of the practice of adding micro-
nutrients to foods as a marketing aid.

The purpose of this paper is to place the subject in its historical context and
then to discuss the current state of affairs in the light of the nutritional aims of
the practice, policy issues and the relevant legislation.

8.2
The Historical Background

Two concepts formulated during the nineteenth century are germain to the sub-
ject matter of this paper. One was the demonstration by Lunin that natural diets
contain unknown factors, small amounts of which are necessary for life. The
other was that Beri beri, which had been described in the seventeenth century,
together with conditions such as rickets and scurvy, were deficiency diseases
caused by the absence from the diet or a limited supply in the diet, of compounds
which, at that time, were unidentified (the vitamins).

Thus, there emerged the principle that the human diet, in order to be op-
timal, must contain vitamins in addition to protein, fat, carbohydrate and
minerals.

The effect of the application of the principles of scientific nutritional know-
ledge to the provision of an adequate diet can be discerned in the dietary policy
adopted towards the end of the First World War. Initially, in Britain, following
the creation of the Ministry of Food early in the War, little notice was taken of
scientific advice on the constitution of the diet. However, after an attempt to
introduce voluntary rationing of certain foodstuffs during the last eighteen
months of the War rationing was introduced.

J. K. Ransley et al.(eds.), Food and Nutritional Supplements
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The contemporary scientific advice to Government had centred upon the to-
tal energy content of the diet and there was no emphasis upon its micronutrient
content. However, some nutritional policies, although they were not formulated
for that purpose, influenced the intake of vitamins and minerals. Thus, the
introduction of “war bread” in 1916 made with flour of 76% extraction was
followed by changes in the extraction rate which reached 92% in early 1918,
falling later to 87 %: the level at which it remained until controls ceased. The high
extraction rate would have gone towards ensuring that iron consumption would
have risen and the risk of Vitamin B, deficiency would have been lowered. There
would have been an increased intake of nicotinic acid and riboflavin. On the
other hand, in 1918, there was an inadequate supply of butter and margarine; the
latter not being fortified with Vitamins A and D. The role of butter as a source of
these vitamins had not yet been recognised. Thus, on the basis of these facts, it
can be argued that any influence of policy upon the intake of micronutrients was
largely fortuitous.

During the War, the diet had become poorer in calcium and more deficient in
Vitamin D while its carbohydrate and, therefore, energy content had increased.
Attempts were made to determine whether the eighteen month period of dietary
restriction during rationing had resulted in a measurable nutritional effect upon
the population as a whole or upon sub groups within it. An example was the esti-
mation of the prevalence of rickets in children. Unfortunately there was no high
quality information relating to the prevalence prior to 1917 which could provide
a reference value. Anecdotal evidence that the incidence of rickets had risen was
given by Corry Mann [1] and the work of Friend [2] established an adverse effect
upon some aspects of the nutritional status of boys at Christs Hospital School
although this group cannot be regarded as being representative of the popula-
tion as a whole.

At the outbreak of the Second World War, the United Kingdom was properly
prepared for the application of nutritional science to the feeding of its popula-
tion. Plans for the rationing and distribution of food had been drawn up based
upon the experience gained during the First World War. A guiding force in the
policy was Sir Jack Drummond, who wrote two official papers which predicted
the nutritional needs of the population in wartime with emphasis upon (eco-
nomically) poorer subgroups contained within it. Drummond reviewed these
documents in 1947 [3].

Professor Drummond’s recommendations included advice regarding the
fortification of margarine with Vitamins A and D; the addition of calcium car-
bonate to flour and the Vitamins Welfare Scheme which ensured an adequate
intake of Vitamins A, C and D during pregnancy and early life.

The success of these policies established the value of the fortification of food
and the use of food supplements and when, coupled to the rationing system,
ensured that there was not only an equable distribution of food sufficient to
supply the basic nutritional needs of the population but also a proper provision
of vitamins and other micronutrients according to the then current state of
nutritional knowledge.

The quantification of the success of the various measures is more problem-
atical. There was no evidence of an increase in the increase of specific deficiency
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diseases during the Second World War and, in common with the findings during
other major conflicts such as the First World War and the Franco-Prussian War,
the “health” of the nation as gauged by a decreased prevalence of Diabetes Mel-
litus and Coronary Heart Disease was improved [4].

8.3
Some Definitions

The terminology applied to the process of adding micronutrients to food is
complex. Definitions of terms have been published by Codex Alimentarious [5]
and other definitions have been set out in a monograph published by the Insti-
tute of Food Science & Technology [6] and the SCOOP Task Group Report [7].
The definitions included in Table 1 are an amalgam of those appearing in these
publications and they have been constructed with the aim and object of pres-
enting an unambiguous meaning for each term.

In the scientific literature and in general, the terms are often used out of
context and in an interchangeable manner. For example, fortification and en-
richment have been taken to mean the addition of a nutrient solely with the pur-
pose of preventing or correcting a demonstrated deficiency of one or more
nutrients in the population as a whole or in a specific group within the popula-
tion. Alternatively, fortification has been defined as the addition of nutrients to
foods other than cereals, enrichment being defined as the addition of nutrients
to cereals [8].

Table 1. The definitions of terms used to describe the process of adding micronutrients to
food. These definitions are based upon those given in [5-7]

Term Definition

Restoration The addition to a food of nutrients lost during manufacture or proces-
sing in quantities which result in the full or partial presence in the food
to that level in the edible portion of the food present before processing,
storage or handling

Fortification The addition of nutrients to foods irrespective of whether or not it
is normally contained in the food for the purpose of preventing or
correcting a demonstrated deficiency of one or more nutrients in the
population or specific groups within the population

Enrichment The addition of a nutrient (or nutrients) already present in the food
in order to make it a richer source

Standardisation  The addition of nutrients in order to compensate for natural,
e.g. seasonal, variations in nutrient content

Substitution The addition of a nutrient to a substitute product to the level in the food
which it is designed to resemble
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804
The Rationale for the Addition of Nutrients to Food

It could be argued that, on the basis of a knowledge of the diet currently con-
sumed in developed countries, sufficient nutrients would be supplied in that
diet to support development, growth and the maintenance of health in adult life.
This contention is indirectly strengthened by the wide availability and variety of
foods available.

However, when the results of nutritional surveys are considered the data in-
dicate that, within the population, there are sub groups who appear to have mi-
neral and vitamin intakes below those recommended nationally. The data for the
Member States of the European Community based upon nutritional surveys
show that each has at least two micronutrients whose intakes are below those re-
commended so far as parts of their population are concerned [7]. Comparisons
between Member States are fraught with difficulty because the population
groups considered were very divergent as were the sizes of the studies, the me-
thodology for assessing food consumption and the criteria used in the evalua-
tions. It is of note that the surveys included the consumption of fortified foods
with the implication that, for some nutrients, the fortifications carried out are
not effective in correcting intakes which are less than those recommended.
Additional difficulties when considering the data, are the differences in natio-
nally applied nutritional standards and a gross lack of information concerning
the nutritional status of population groups.

8.5
Policy Considerations

The proposition put forward in the previous section that a varied diet can pro-
vide the nutrients required for both development and the maintenance of nor-
mal health has to undergo modification so far as certain population subgroups
are concerned, most probably because of changing eating habits, such as the
increased consumption of snack and pre-prepared food coupled to less food
preparation in the home. The lowered energy expenditure in the elderly may, as
a secondary effect, result in an inadequate intake of micronutrients [9, 10].
Nutritional research has provided much information as to the Recommended
Daily Allowance (RDA') for mincronutrients and these can be used as a bench-
mark for fixing the extent of fortification as well as indicating the need for for-
tification where the diet is not providing the RDA. There may also be a mismatch
between the nutritional status and the intake of a particular nutrient.
Currently attention is focused upon the causal relationships between the pro-
vision of individual nutrients and disease with special emphasis upon vitamins
and minerals. One example is that of the relationship between the risk of the
development of neural tube defects and the intake of folic acid by women of

' RDA - Recommended Daily Allowance. The amounts of the nutrient sufficient or more than
sufficient for the nutritional needs of practically all healthy persons in a population.
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child-bearing age [11, 12]. The scientific aspects of this subject are considered in
the chapter written by Scorah. However, this example provides a good basis for
the discussion of policy and practice.

If the given fact is that there is a benefit to be gained from increasing folic acid
intake so far as the prevention of neural tube defects is concerned, the policy
objective can be formulated as a question: “How can the increased intake be
achieved?”

There are three practical routes which could be used in order to result in an
increased intake of folic acid:

i) through nutrition education focused upon the target group within the
population.

ii) via the fortification of food.

iii) the recommendation of the use of supplements.

For route (ii) there are alternative policies which are (a) compulsory addition of
folic acid to certain foods; (b) a recommendation that folic acid is added to cer-
tain foods and (c) the permitting of the addition of folic acid to certain foods.

The choice as to which policy or policies to use must be informed by the
science and once a policy has been adopted, it has to be modulated by safety and
legislative considerations. The example of folic acid intake and neural tube de-
fects also allows a discussion of the safety of fortification.

The excessive intake of micronutrients can be associated in a causal manner
to adverse effects in man and these have been reviewed [13, 14].In the case of fo-
lic acid there is the potential effect of masking the consequences of Vitamin B,
deficiency at high folic acid intakes, namely more than 1 mg/day. This could po-
tentially have the effect of delaying the diagnosis of Vitamin B, deficiency and
make damage to the neurological system more likely to occur. This proposition
has been contested in relation to the risk versus benefit assessment for folate
administration in the context of the prevention of neural tube defects [15].

To complete the policy sequence further stages are necessary. The first is to
determine whether fortification of foods with folate gives rise to increases in its
intake and subsequently in the serum folate concentration. In the United States
the fortification of cereals and grain with folic acid became mandatory in 1996;
the Food and Drug Administration having laid down that cereal grain must be
fortified to a level of 140 pm g per 100 grams of cereal grain [16]. The fortifica-
tion process was to have been completed before 1st January 1998. Estimates sug-
gested that women in the United States would, as a result, increase their intake of
folic acid by 80 pg per day.

In order to determine whether serum folate levels had changed following
food fortification, Lawrence et al. [17] analysed the results of serum folate deter-
minations made in one clinical laboratory during a five year period (1994-1998
inclusive). Their analysis showed that the percentage of specimens with high
folate values (> 20 pg/l) increased steadily from 1997, the year in which the per-
centage of specimens with low values (< 2.7 pg/l) began to decrease. There was
an increase in the median folate concentration value during the period studied
which also started in 1997. The authors concluded that serum folate levels are
rising and that the fortification of food with folic acid was the most likely ex-
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planation for the increase. However, the results apply to a hospital population
and, although the proportion of women in the population was 53 %, the majority
of those were not in the reproductive years and the analyses of the data did not
include one by gender or by age.

In considering the general case estimates of the contribution made by the
enrichment of foods with micronutrients to the dietary intake of vitamins and
minerals are available. Thus, Lachance ¢ Bauernfiend [18] demonstrated that
enrichment contributed to the intake of some vitamins and iron in the United
States of America. These authors also reviewed the position in countries where
a shortage of micronutrients had resulted in the development of deficiency
diseases and concluded that enrichment had improved the provision of micro-
nutrients without there being concomitant data on the nutritional status of the
populations of subgroups within them there are limited data showing the con-
tribution of fortified foods to vitamin intake within the European Community.
The figures for Vitamin A and Vitamin D are shown on Table 2. There is much
variation between countries and it is clear that the supply of Vitamin A is much
less dependent upon fortification than that of Vitamin D.

In theory, the consumption of staple foods, all of which were fortified, could
lead to consumption of micronutrients in daily quantities which are several
times the respective RDA for each compound. The risks associated with this are
dependent upon the dose response effect relationship for each compound in
relation to their toxic effects. However, there is little or no evidence of toxicity as
a result of fortification alone.

8.6
Legislative Aspects of Micronutrients Addition to Food

The legislation governing the addition of micronutrients to food varies widely
across the European Community. In the United Kingdom (where the definition
of an “additive” specifically excludes micronutrients added to a food for the pur-
pose of fortification, enrichment or restoration) there are no restrictions in so

Table 2. The contribution of fortified products to the intake of vitamin A and vitamin D in EU
countries (Modified after [7]). The omission of a country from the Table means that no data
are available

Country Proportional contribution of fortified products to vitamin
intake (%) - (m) designates that derived from margarine

Vitamin A Vitamin D
Denmark 11-12 (m) -
Finland 18-30 (m) 11-47 (m)*
Netherlands 25 (m) 60-70 (m)*
Norway 15 (m) 48 (m)?
Sweden 33 75
United Kindom 14 59

* % of total dietary Vitamin D. Cod liver oil not included in the figure for Norway and Sweden.
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far as the nature of the micronutrients themselves, the foods to which they can
be added or the extent of that addition. However, there are specific circum-
stances where the addition of micronutrients is recommended or compulsory.
In the former group is the recommendation that very low calorie diets used in
the treatment of obesity should supply the RDA for a full range of vitamins and
minerals. In the latter case there are compulsory requirements to add specified
micronutrients to flour, bread, margarine and spreadable fats.

The provisions of the Food Safety Act 1990 cover the toxicity aspects of
micronutrient addition in that the micronutrient(s) must not be added in such
a way as to make the food injurious to health.

It is in the areas of claims made about nutrients as part of product labelling
and during advertising that there are strict controls in the United Kingdom par-
ticularly so far as health claims are concerned, for example, it is not possible to
make medicinal claims describing relationship between a food and a nutrient
and the prevention of a disease on food labelling. This is discussed further else-
where in this book.

In the remainder of the European Community the regulations vary widely
from country to country. In France, for example, the addition of vitamins and
minerals is strictly controlled and must be justified on the grounds of nutri-
tional needs.

8.7
The Efficacy of the Addition of Micronutrients to Food

There are two approaches to the estimation of the efficacy of addition of micro-
nutrients to the diet. The first, the crudest, would be to use the incidence of
certain diseases over the course of a time when additions to the diet were made.
It has already been pointed out that attempts to do this for deficiency diseases
after the First World War were not successful. In any event it may be that the best
approach would be the second, which is to study vulnerable groups within the
population rather than the population as a whole.

Much of the supplementation of the diet with micronutrients is probably
voluntary through the “over the counter” purchase of vitamins as monotherapy
or in combination. It is not clear how much of the individual RDA’s this route of
intake provides for the population as a whole because quantitative research has
not been carried out. There is a strong case for policy relating to the addition of
micronutrients to be driven by the relevant science. This is important in view of
the rising trend to promote food products using added micronutrients, for ex-
ample to drinks, biscuits, breakfast cereals marketed at both children and adults.
With the prominence of these food products within the supermarkets the con-
sumer may be induced to increase their intake of micronutrients above safe
levels. There have been well documented cases of excessive intakes of micronu-
trients as a consequence of combining food supplements with such products
which has been referred to in Chapter 1. The motive behind adding micronu-
trients to processed foods is partly commercial rather than being wholely nutri-
tional. They add value to products and will therefore enable them to command
a higher price. These products are sold at a premium and appeal to those with
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an interest in their health and diet. These are the consumers that achieve the RNI
for micronutrients, exercise regularly and have healthier lifestyles. This pattern
has been observed among food supplement users [19]. In the United States re-
search has shown that the enrichment of foods makes a contribution of up to
25% to the intake of iron and a number of vitamins [18]. Given the ubiquitous
presence of micronutrients in everyday food sources, it is unlikely that the addi-
tion of micronutrients to selected products confers a substantial health benefit
to those whose diet is already adequate and excess intake may represent a risk.
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9 Probiotics and Prebiotics in Health

Colette Shortt, Seppo Salminen, and Marcel Roberfroid

9.1
Introduction

The development of functional foods with the potential to modify gastrointesti-
nal function is currently one of the most promising areas in food science. The
gastrointestinal tract is host to about 10' viable bacteria known as the gut flora
and much effort has been devoted to defining and characterising the bacteria. It
has been known for some time that the gut flora plays a major role in health and
that dietary constituents can influence its composition and metabolism. In ad-
dition to nutritional and metabolic effects, the gut flora has considerable in-
fluence on the immune system. It is thought that gut flora bacteria act as a source
of antigens and non-specific imnmune-modulators. Thus, the identification and
characterisation of specific ingredients capable of modulating the composition
and/or activity of the gut flora are of particular value in the development of
foods for optimum gastrointestinal health.

The ability to target specific health-promoting organisms in the gastroin-
testinal tract is important both for health maintenance and potentially also of
therapeutic value. Both probiotics and prebiotics have been shown to influence
the composition and/or activity of specific beneficial bacteria in the gastroin-
testinal tract. Probiotics are live microbial ingredients that are beneficial to
health. Commercially available probiotic preparations consist largely of lacto-
bacilli and/or bifidobacteria although yeasts have also been used. Probiotic bac-
teria are generally of human origin, safe, can withstand processing conditions
and have the ability to survive transit through the gastrointestinal tract. Probio-
tics can modulate gut flora composition, improve the balance of the gut flora and
prevent gut colonisation by specific pathogens. They can also influence bacterial
metabolism e.g. enzyme activity and are able to elicit specific systemic and local
immune responses.

The prebiotics currently available belong to two key non-digestible carbo-
hydrate groups namely the galacto- and fructo-oligosaccharides. Prebiotic sub-
stances are not hydrolysed or absorbed in the small intestine but are available as
specific substrates for the gut microflora in the large intestine thus stimulating
the growth of one or a small number of the health promoting bacteria. Prebiotics
thus modulate the gut microflora, but they also improve stool bulking, improve
calcium absorption in the colon and, in experimental models, they inhibit the
development of aberrant crypt foci and adenomas in the colon. They are also
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
© Springer-Verlag Berlin Heidelberg 2001
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classified as dietary fibre. An approach involving both pre- and probiotics - the
synbiotic approach - is one which may have the potential to extend product
shelf-life, improve viability and survival of probiotic strains and enhance the
stimulation of selected beneficial species. The role of probiotics and prebiotics
in the maintenance of gastrointestinal health and potential reduction of risk
factors will be discussed in Sects. 9.2 and 9.3.

9.2
Probiotic Bacteria in Human Health: An Overview

Colette Shortt and Seppo Salminen

9.2.1
Introduction

A probiotic is a live microbial food ingredient that beneficially influences hu-
man health [1, 2]. Probiotics have been used historically in different cultures for
the treatment of gastroenteritis in children and adults in the form of fermented
dairy foods, fermented vegetables and fermented cereals [3]. Probiotics act with-
in the gastrointestinal tract (GIT) and health effects have been reported within
the oral cavity, stomach, small intestine, and large intestine. Probiotics mainly
consist of Lactic acid bacteria (LAB), but also bifidobacteria and yeast have been
successfully used and other types of microbes are under investigation.

Probiotic studies have been conducted in animals and humans and some spe-
cies specificity has been reported. One of the major tasks has been defining the
strains and conducting good clinical studies to clearly document the health
effects and their mechanisms. Today specific probiotic strains are available with
scientifically proven health benefits for humans. New strains and functional
food products based on these strains are likely to emerge with effects in the areas
of GIT health maintenance, disease risk-reduction and prevention of gastroin-
testinal diseases.

9.2.2
Probiotics and Dietary Modulation

While many are aware that there are 10" cells in the human body most of us are
unaware that the human body is also host to 10" bacteria. The majority of which
are found in the GIT and are known as the gut microflora [4, 5]. The bacteria
comprising the gut microflora are estimated to weigh ~ 1 kg and include several
hundred cultured species of bacteria. There are many more species that are un-
culturable by the available traditional methods.

The gut microflora is acquired rapidly during and shortly after birth. At first
E. coli and Streptococcus species predominate, but in breast-fed infants there is a
sharp increase in the number of bifidobacteria with a concomitant decrease in
E. coli and Streptococcus [6]. Generally after weaning, streptococci and E. coli
populations decrease and by the second year of life an adult-type flora has been
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established. The method of birth has a profound effect on the gut microflora de-
velopment. Infants born by caesarean section tend to have a simple gut micro-
flora which develops slowly during the first 6 months compared to that of infants
born by the normal method of delivery who tend to have a more diverse micro-
flora resulting from contact with the mother’s birth canal [7].

Bacterial numbers and composition vary considerably along the GIT. The
density of microorganisms in the gut microflora increases dramatically from
less than 10°/g in the stomach due to the harsh acidic conditions to greater than
101°/g in the large intestine (Table 1) [4, 5, 8]. The reported concentrations also
depend on the method of enumeration of bacteria. The growth and metabolic
activity of the gut microflora have a tremendous influence on our physiological
and nutritional wellbeing. It has even been suggested that the metabolic activity
of the gut microflora is potentially greater than that of the liver. The gut micro-
flora therefore plays an important role in the maintenance of health: forming a
healthy gut barrier, stimulating the immune system, protecting the host from in-
vading bacteria and viruses, and aiding digestion [4-6].

While many of the bacterial species that comprise the gut microflora exert
beneficial effects, some, in certain circumstances, have the potential to exert
harmful effects e.g. Clostridia, sulfate reducers and amino-acid-fermenting
species [6,8]. An optimum gut microflora balance is one in which beneficial bac-
teria, such as the Gram-positive lactobacilli and bifidobacteria predominate
over potentially harmful bacteria [9, 10]. Many factors, such as diet composition,
antibiotic therapy, infections, food poisoning, environment, stress, health status
and ageing can influence the balance of the gut flora [6,11].

The concept of ingesting live bacteria as a means of modulating the gut flora
to maintain health and promote beneficial effects is not new. At the beginning

Table 1. Type and concentration of bacteria in the human
large intestine [8]

Bacteria Concentration (mean and range)
Log,o/g dry wt of faeces
Bacteroides 11.3 (9.2-13.5)
Eubacteria 10.7 (5.0-13.3)
Bifidobacteria 10.2(4.9-13.4)
Clostridia 9.8 (3.3-13.1)
Lactiobacilli 9.6 (3.6-12.5)
Ruminococci 10.2 (4.6-12.8)
Peptostreptococci 10.1 (3.8-12.6)
Peptococci 10.0 (5.1-12.9)
Methanobrevivbacter 8.8 (7.0-10.5)
Desulfovibrio 8.4 (5.2-10.9)
Propionibacteria 9.4 (4.3-12.0)
Actinomyces 9.2 (5.7-11.1)
Streptococci 8.9(3.9-12.9)
Fusobacteria 8.4 (5.1-11.0)
Escherichia 8.6 (3.9-12.3)
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of the 20th Century, the Nobel laureate Elie Metchnikoff was the first to propose
a scientific rationale for the beneficial effects of the bacteria in yoghurt. In
his book The Prolongation of Life he postulated that yoghurt consumption
played a role in health and he attributed the long life of Bulgarian peasants to
their intake of yoghurt containing Lactobacillus species [12]. Tissier in 1906
advocated the administration of bifidobacteria to infants suffering from
diarrhoea in the belief that the bifidobacteria displaced the pathogenic bac-
teria [13]. In Japan in the early 1930s Shirota focused his research on selecting
beneficial strains of LAB that could survive passage through the gut and on the
use of such strains to develop fermented milk drinks [14]. More recently,
Gorbach and Goldin isolated a probiotic strain that survives the gastric condi-
tions, tolerates bile acids, adheres to intestinal cells and leads to specific health
benefits [15].

9.2.3
Concept of Probiotic Bacteria

The word probiotic is derived from the Greek meaning ‘for life’ and the defi-
nition of probiotics has evolved since the early 1960s. The word was used to
describe substances produced by one protozoan to stimulate the growth of
another; tissue extracts that stimulated microbial growth and animal feed sup-
plements including organisms and substances that had a beneficial effect on an
animal by contributing to its intestinal flora balance [16].In 1989, Fuller defined
a probiotic as ‘a live microbial feed supplement, which beneficially affects the
host animal by improving its intestinal microbial balance’ by increasing health-
promoting bacterial groups [17]. This definition stressed the importance of live
cells as a component of an effective probiotic. Two years later Huis in’t Veld &
Havenaar redefined and expanded the definition to ‘a mono- or mixed culture of
live microorganisms which applied to man or animal affects beneficially the
host by improving the properties of the indigenous microflora’ [18]. This defini-
tion developed the concept of probiotics in several ways:

e itintroduced the concept of human use

 probiotic activity is not restricted to the gut microflora but includes the
possible application to microbial communities at other sites e.g. respiratory
tract, urogenital tract, skin

« the probiotic may consist of a mono-culture or a cocktail of cultures.

Recently a group of European scientists, as part of an EU-supported concerted
action project, suggested that probiotics for use in human nutrition are best
defined as ‘live microbial food ingredients that are beneficial to health’ [2]. This
definition taking into account results from recent research allows for the possi-
bility of non-microflora mediated probiotic effects e.g. direct probiotic effects
on the immune system.
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9.2.4
Selection of Probiotic Strains

In selecting probiotic bacteria for use in human foods, certain criteria as
outlined in Table 2 are followed [19, 20]. Probiotic bacteria used in foods for
human consumption are generally of human origin and are non-pathogenic.
In addition, they retain significant viability during processing and transit
through the gut [19]. Probiotics are predominantly LAB though not exclusively,
e.g. S. boulardii is a probiotic yeast. Examples of probiotic strains are given in
Table 3.

Validated in vitro models are available that allow rapid screening of potential
probiotic bacteria [21]. It is also possible to monitor the kinetics of transit of
probiotic bacteria through the GIT using DNA-based technologies and a variety
of techniques based on the polymerase chain reaction [6]. Many critics of pro-
biotics question whether probiotic strains remain viable during GIT transit.
However, there are many studies using classical microbiological techniques and
more sophisticated DNA-based techniques confirming that selected probiotic
strains remain viable after transit through the GIT [22-27]. Following ingestion
of a food containing probiotic bacteria, there is an increase in the count of the
probiotic bacteria, which decreases once consumption has ceased i.e., there is a
transient colonisation (see Fig. 1).

Several studies have evaluated the effect of varying doses of specific probio-
tic strains on faecal microbial changes. Daily administration of Lactobacillus

Table 2. Selection criteria for selecting a probiotic bacteria

Human origin
Non-pathogenic
Acid & bile tolerant

Ability to withstand technological processes and remain
viable during shelf-life period

Adherence to intestinal mucosa (mucus or mucosal cells)
may be used for specific uses

Evidence of potential beneficial effects

Table 3. Microorganisms used in probiotic products around the world

Lactobacilli Bifidobacteria Other LAB Non-LAB

L. acidophilus B. animalis E. faecium B. cereus

L. casei B. breve E. faecalis E. coli

L. johnsonii B. infantis S. boulardii
L. reuteri B. longum ClL. butyricum
L. rhamnosus B. adolescentis

L. salvarius B. lactis

L. crispatus
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Fig.1. Appearance of ingested probiotic bacteria in faeces [22]

casei Shirota at levels from 6.5 x 10° to 3 x 10'® have been shown to lead to sub-
stantial increases in the number of faecal LcS [14]. 1t has also been shown that to
achieve faecal recovery of Lactobacillus GG (LGG) the lowest level of this strain
which must be administered is 1 x 10" cfu/d when given as a freeze-dried pow-
der. The dose required for recovery can be lower if a protective enterosoluble
coating encapsulates the strain. When the strain is administered in a fermented
milk 1.2 x 10" cfu/d is effective in achieving a significant increase in mean faecal
LGG content [28].

The mechanism(s) of action of probiotic bacteria in promoting health in-
clude the following: adherence to intestinal mucosa and mucus, production of
anti-microbial substances, antagonism against pathogens, competition for ad-
hesion sites (competitive exclusion), interaction with gut associated lymphoid
tissue (GALT), immune-regulation, in-activation of harmful components within
the intestinal contents (binding of toxins), regulation of the metabolic activity of
the intestinal microflora and overall normalisation of the intestinal microflora
[20, 26]. Most reported health effects are based on the above mentioned mecha-
nisms and these are referred to in Table 4.

Some of the established and recent entries into the probiotic market are illu-
strated in Table 5. There has been some criticism regarding the composition and
labelling of some probiotic products {30-32]. Generally, the criticism is targeted
at probiotic supplements that have been shown, albeit using limited samples, to
either not contain the number or type of bacteria stated on the labels or to con-
tain strains not mentioned on the labels. Probiotic yoghurts and fermented
milks have generally received favourable reviews when tested [32]. However,
this highlights the importance of rigorous quality control and assurance in the
manufacture of probiotic products in maintaining and building consumer con-
fidence.

It cannot be assumed that all probiotic strains from even a specific species have
the same or even any desirable properties. It is important to choose products
that provide details of the strain(s) and ensure the stability of the probiotic
strains or indicate the total viable count of organisms present in the product
[33]. It is also important to follow the manufacturers’ instructions regarding the
amount (g or ml) to consume. For gut health maintenance probiotic products
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Table 4. Reported studies and effects of currently available probiotics 2, 29]

Strain

Reported effect in clinical studies

Scientifically established
effects®

Lactobacillus johnsonii
11

Lactobacillus acidophilus
NCFB 1748

Lactobacillus GG

(ATCC 53013)
Lactobacillus acidophilus
NECM

Lactobacillus casei
Shirota

Streptococcus
thermophilus;
Lactobacillus bulgaricus

Bifidobacterium lactis
Lactobacillus gasseri

(ADH)

Lactobacillus reuteri

Saccharomyces boulardi

Adherence to human intestinal
cells, balances intestinal micro-
flora, immune enhancement,
adjuvant in Helicobacter pylori
treatment

Lowering of faecal enzyme
activity, decreasing faecal muta-
genicity, prevention of radio-
therapy- related diarrhoea,
improvement of constipation

Prevention of antibiotic
associated diarrhoea, treatment
and prevention of rotavirus
diarrhoea, treatment of relapsing
Clostridium difficile diarrhoea,
prevention of acute diarrhoea,
stabilisation of Crohn’s disease,
antagonistic against cariogenic
bacteria

Lowering of faecal enzyme
activity, high lactase activity,
treatment of lactose intolerance,
production of bacteriocins

Prevention of intestinal distur-
bances, balancing intestinal
bacteria, lowering faecal enzyme
activities, positive effects on
superficial bladder cancer

No effect on rotavirus diarrhoea,
no immune enhancing effect
during rotavirus diarrhoea, no
effect on faecal enzymes
Treatment of viral diarrhoea
including rotavirus diarrhoea,
balancing intestinal microflora

Faecal enzyme reduction,
survival in the intestinal tract

Colonizing the intestinal tract

Mainly animal studies- possibly
an emerging human probiotic

Prevention of antibiotic
associated diarrhoea, treatment
of Clostridium difficile colitis

Adherence,immune
enhancement

Decreasing mutagenicity,
alleviates constipation

Shortening of rotavirus
diarrhoea, increase in
bifidobacteria, prevention/
and treatment of anti-
biotic associated diarrhoea

Alleviation of symptoms of
lactose intolerance

Immune enhancement,
prevention of recurrence
of superficial bladder
cancer, Normalisation of
the intestinal microflora

Alleviation of symptoms of
lactose intolerance

Prevention of rotavirus
diarrhoea

Altering intestinal
metabolic activity

Shortening of
rotavirus diarrhoea

Prevention of antibiotic
associated diarrhoea,
treatment of Clostridium
difficile colitis

* Proven by at least two published independently conducted clinical studies in humans.
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Table 5. Food products containing probiotic bacteria

Product Company

Actimel Danone

Fysiq Campina Melkunie
Gefilus Valio

LA-7 plus Bauer

LC1 Nestle

Mil Mil Yakult

ProCult 3 Muller

Proviva Skanemeijerier,
Rela Ingman Foods
SynBalance Toni Lait

Vifit Campina Melkunie
Yakult Yakult

Yosa Bioferme

with concentrations in the region of 10° cfu/ml or greater are generally recom-
mended by manufacturers. While supplements are convenient for delivering
high or biotherapeutic concentrations of probiotic bacteria, there is some evi-
dence to suggest that compliance may not be optimal with supplements. Pro-
biotic foods e.g. fermented dairy products, juices, oatmeal gruels in addition to
providing high stable concentrations of probiotic bacteria are also excellent
sources of nutrients and can easily be incorporated into a balanced diet. Modern
processing allows for the production of excellent tasting fermented products
with high counts of probiotic bacteria which are guaranteed over the shelf-
life period e.g. a new probiotic fermented milk on the Japanese market contains
40 x 10° cfu per bottle.

Safety issues relating to new probiotics should be assessed according to the
EU novel food regulations. The use of LAB in foods has a long history and most
strains are considered commensal microorganisms with no pathogenic poten-
tial. Their ubiquitous presence in the human GIT together with their traditional
use in fermented foods and dairy products without significant problems attest
to their safety [34]. Members of the genus Lactobacillus are most commonly
given safe or generally recognised as safe (GRAS) status. Members of the genera
Streptococcus and Enterococcus may contain opportunistic pathogens.

The safety of probiotics has been assessed in recent reviews and clinical re-
ports have drawn attention to a few cases of human bacteraemia associated with
the presence of LAB. A variety of strains of probiotic organisms have been used
in the clinical treatment of gastrointestinal disorders and in the prevention of
gut colonisation by pathogens in both children and adults [29]. These have
included conditions where mucosal integrity was impaired by antibiotics,
radiotherapy or acute diarrhoea of bacterial or viral origin. No evidence of op-
portunistic infections or other ill-effects by probiotics have been observed in
these studies. In addition, animal studies indicate an absence of infectivity and
specific toxicity studies show no sign of toxic or harmful effects even at ex-
tremely high dose levels. Generally, established probiotics are considered safe
[34,35].
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Aspects of the safety of probiotic bacteria can be studied using in vitro me-
thods, animal models and human subjects. Some recommendations are given in
the review of an European Demonstration project work [36]. Two recent Finnish
studies confirm that the number of infections associated with LAB is extremely
small [37, 38]. However, epidemiological surveillance has been suggested as an
additional safety measure for future probiotics.

9.2.5
Conclusion

Both the efficacy of probiotics for a given health effect and the safety of
the strain in its intended use have to be documented in well-designed studies.
For efficacy, these should be hypothesis-based human studies as proposed by
the International Life Science Institute Europe working group [1, 2]. Such
studies should focus on specific health effects with established biomarkers
and be conducted according to the guidelines set for good clinical studies. In a
recent European scientific assessment of functional foods it was concluded that
certain health effects of probiotic bacteria can be considered scientifically
proven for specific strains [1, 2. The criterion for scientifically proven was that
the effect was established in at least two good independent human studies. The
effects of probiotics can be divided into two groups: effects reported in scien-
tific literature and effects scientifically established in at least two human stud-
ies with supporting information from in vitro studies and animal studies
(Tables 4 and 6).

Some of the potential health effects of probiotics have been highlighted in
this chapter and the current status of research is healthy in its diversity with
many well-characterised probiotic strains being used in well-designed human
studies [39~41]. It is clear that there are many medical conditions being inves-
tigated for which probiotic therapy or the reduction in the risk of diseases may
hold some promise [42, 43]. Such areas include inflammatory bowel disease
(Crohn’s, Ulcerative colitis, Pouchitis), food allergy, oral rehydration therapy,
superficial bladder cancer, urogenital infections [42]. Research efforts world-
wide are now focusing on the development of probiotic products containing
bacteria selected for their specific health-enhancing characteristics.

Table 6. Scientifically established health effects of probiotics [2]

Established effects in humans Reduction of the duration of rotavirus diarrhoea

Alleviation of the symptoms of lactose intolerance
Prevention of the recurrence of superficial bladder tumours
Decreasing faecal bacterial enzyme activity

Decreasing faecal mutagenicity

Immune enhancement
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9.3
Prebiotics in Human Health: An Overview

Marcel Roberfroid

9.3.1
Introduction

A prebiotic has been defined as “a non-digestible food ingredient that benefici-
ally affects the host by selectively stimulating the growth and/or activity of one
or alimited number of bacteria in the colon” [9]. This concept implies that some
dietary components resist the hydrolysis by the digestive enzymes and/or are
not absorbed in the upper part of the gastro-intestinal tract including the small
intestine. Indeed, these compounds must pass into the large bowel where most
of the indigenous intestinal microflora are located. A wide variety of dietary
carbohydrates, especially resistant starch, dietary fibres and non-digestible
oligosaccharides have such characteristics and they provide available substrates
for bacterial fermentation in the colon. The colonic fermentation of such “mal-
absorbed”, “non-digestible”, or “resistant” carbohydrates (poly- and oligosac-
charides) plays a role in salvaging part of their energy, in controlling transit
time, stool bulking and stool frequency, in influencing nutrient, especially min-
eral, bioavailability, in producing short chain fatty acids that are known to play
physiological roles such as control of mucosal motility and epithelial cell pro-
liferation or in modulating immune activity and endocrine functions [46]. But
prebiotics are more than “malabsorbed”, “non-digestible”, or “resistant” carbo-
hydrates because, when they reach the large bowel, they have a specific metabo-
lism therein - directed towards advantageous rather than adverse bacteria. This
would ultimately lead to a marked change in the colonic microflora composition
e.g. by selectively stimulating the growth of bacteria like the Bifidobacteria
that are generally recognized as being beneficial for health. The most efficient
prebiotics, will also reduce numbers and activities of potentially pathogenic
organisms. But since the gut content is not really accessible, in humans, for
microbiological analysis, faecal microflora is used as a surrogate marker and the
prebiotic effect is demonstrated by showing changes in the composition of the
faecal microflora.

9.3.2
The Prebiotics

At present, food components for which a prebiotic effect has been reported are
the non-digestible oligosaccharides (NDO) [47]. The NDOs contain mixtures of
oligomers of different chain lengths and are characterised by the average num-
ber of osyl (like glucose, fructose, galactose or xylose) moieties, referred to as the
degree of polymerisation (DP). As discussed recently [48], there is no rational
physiological or chemical reason for discriminating oligosaccharides and poly-
saccharides on the basis of DP.
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NDOs are oligomeric carbohydrates, the osidic bond of which is in a spatial
configuration that allows resistance to hydrolytic activities of intestinal diges-
tive enzymes. But they are fermented by, at least some of, the colonic bacteria.
This fermentation produces short chain fatty acids and gases as well as in-
creased metabolic energy, growth and proliferation of these bacteria. NDOs for
which, at least some, data have been published to support a prebiotic effect are
listed in Table 7.

Currently, there are little comparative data on the relative efficiencies of these
potentially prebiotic oligosaccharides, or on their selectivity at a species, or
even genus, level. It is often the case that a prebiotic effect is levelled against
certain NDOs, or other dietary carbohydrates, without a full and careful investi-
gation of their fermentation profile. It is indeed critical that as many com-
ponents of the faecal microbiota as possible are measured. These should at least
include bacteroides, bifidobacteria, clostridia, Gram positive cocci, coliforms,
lactobacilli, total aerobes and total anaerobes. Simple stimulation of growth
of bifidobacteria and/or lactobacilli is insufficient to substantiate a prebiotic
property without determining effects on other faecal microorganisms - as it
is the selectivity of effect that determines classification as a prebiotic. Clearly,
studies using pure bacterial cultures are of very limited, if any, value in this
respect, unless they are also supported by mixed culture work. But the ulti-
mate proof must come from in vivo human studies where faecal samples, which
have been collected and stored correctly, are analysed for their composition in
terms of different bacteria. These bacteria should be further well characterised
using either classical culture combined with a conventional microbiological
approach towards identification and/or modern molecular genotyping meth-
ods. Indeed, it is the effect of the NDO in a competitive ecological environment
that is key [61].

Among the malabsorbed oligosaccharides, those composed primarily of
fructose occupy a leading position in food science. Fructooligosaccharide is

Table 7. Non-digestible oligosaccharides for which at least
some, data have been published to support a prebiotic effect

[49]

Oligosaccharides References
Inulin-type fructans or [50,51]
Fructooligosaccharides (FOS) [52,53]

Soybean oligosaccharides
(raffinose and stachyose)

Galactooligosaccharides or [54-56]
Trans galactooligosaccharides (TOS)
Galactosylsucrose [57]
Isomaltooligosaccharides [58]
Palatinose condensates [59]

Xylooligosaccharides [60]




130 9 Probiotics and Prebiotics in Health

used as a generic name for all malabsorbed oligosaccharides composed mainly
of fructose. Strictly from the point of view of nomenclature, these molecules are
“inulin-type fructans”, the linear -(2-1)-fructans which are different from the
“levans”, the B-(2-6), often branched, fructans [50]. Inulin-type fructans are by
far the most extensively studied compounds and are clear ‘market leader’ pre-
biotics.

The inulin-type fructans are composed of B-p-fructofuranoses attached by S-
2-1linkages. The first monomer of the chain is either a a-p-glucopyranosyl or
p-D-fructopyranosyl residue. They constitute a series of homologous oligosac-
charides derived from sucrose and represented by the formula GF, or FF,. The
natural NDOs which are extracted from chicory roots (Cichorium intybus) are a
mixture of either GF, (a-b glucopyranosyl-[-D furanosyl]n_;-D fructofurano-
side) or GF, + FF, (- fructopyranosyl-[ 8-D fructofuranosyl],_,-D fructofura-
noside) molecules, with the number of fructose units varying from 2 to 60-65
units. As food ingredients [62] they are available as native inulin (inulin ST or
standard, average DP = 10) and high molecular weight inulin (inulin HP or high
performance, average DP = 20), enzymatically-hydrolysed inulin (oligofructose,
average DP = 4) and a mixture of inulin HP and oligofructose (synergy 1), all
of which occur naturally in miscellaneous edible plants such as garlic, onion,
asparagus, artichoke, banana and, wheat [63].

The average daily intake of inulin-type fructans varies from 1 up to 12 g
depending on dietary habits [63, 64]. Oligofructose can also be produced by
enzymatic conversion of sucrose to give a mixture of GF,, GF;, GF, (with an
DP = 3.8), sucrose, glucose and fructose.

A potentially important class of prebiotics are the galactooligosaccharides or
transgalactooligosaccharides which are produced industrially from lactose by
transglycolsylation reactions and consist of galactosyl derivatives of lactose with
B-1-3 and B-1-6 linkages.

The purported prebiotic nature of fructooligosaccharides and galacto-
oligosaccharides are explainable, at least in part, by the linkage-specificity of
the Bifidobacterium B-fructosidase and p-galactosidase respectively. These en-
zymes are cell-bound [65, 66].

Glucose-based maltooligosaccharides and xylooligosaccharides are candi-
date prebiotics. However, specific enzymes for the degradation of these mole-
cules have not yet been identified.

9.3.3
Malabsorption of the Non-Digestible Oligosaccharides

The B-configuration of the anomeric C, in their fructose monomers makes inu-
lin-type fructans resistant to the hydrolysis by human digestive enzymes (a-glu-
cosidase; maltase-isomaltase; sucrase) which are mostly specific for a-osidic
linkages. In normal physiological conditions they also resist the acid hydrolysis
in the stomach. The most convincing data have been obtained in human inter-
vention studies with ileostomy volunteers. These studies show that 86-88% of
the ingested dose (10-30 g) of inulin or oligofructose are recovered in the ile-
ostomy effluent supporting the conclusion that these carbohydrates are prac-
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tically undigestible in the small intestine of man [67, 68]. Using an intubation
technique in human volunteers, Molis et al. [69] have similarly concluded that
fructooligosaccharides are malabsorbed in the human small intestine (89%
recovery). The small but still significant loss of fructooligosaccharides in the
upper part of the gastrointestinal tract could be due to fermentation by the
microbial population colonizing the ileum especially in ileostomy patients [67]
and/or to hydrolysis of the lowest molecular weight oligomers [69]. In their
recent review on the malabsorption characteristics of inulin-type fructans,
Andersson et al. have concluded that “inulin and oligofructose pass through the
small bowel without degradation and (furthermore) without influencing the
absorption of nutrients and minerals especially calcium, magnesium, and iron
Ca, Mg and Fe” [70].

Published data on the resistance of other oligosaccharides to digestion in the
upper gastrointestinal tract are less available than for the inulin-type fructans.
Predominantly the available evidence comes from in vitro experiments or is
based on hydrogen production and exhalation or on stimulation of growth of
specific faecal microorganisms in animal models. No in-vivo human data are
available yet.

Thus, the non-digestibility of isomaltooligosaccharides, soybean oligosac-
charides, galactooligosaccharides, palatinose condensates or xylooligosacchair-
des remain to be convincingly demonstrated.

9.3.4
Fermentation in the Large Bowel: The Prebiotic Effect

The large bowel is by far the most heavily colonized segment of the gastroin-
testinal tract, with up to 10"? (mostly anaerobic) bacteria/g of gut content. These
bacteria belong to a wide variety of genera, species and strains. Through the
process of fermentation, these colonic bacteria produce a wide variety of meta-
bolites and salvage part of the energy from the malabsorbed food components
in particular carbohydrates. Among these metabolites are the short chain fatty
acids that serve to salvage part of the energy of the malabsorbed food compo-
nents especially malabsorbed carbohydrates and which play systemic physiolo-
gical roles.

Evidence for the fermentation of inulin-type fructans by bacteria colonizing
the large bowel has come both from in vitro and in vivo studies that have re-
cently been reviewed and evaluated [51]. At nutritional doses (up to 20-40 g/day)
these malabsorbed carbohydrates are quantitatively fermented and not excreted
in the faeces and they are metabolized to produce short chain fatty acids mainly
acetate, butyrate and propionate.

As compared to most other malabsorbed carbohydrates (e.g. resistant starch
and dietary fibres), the colonic fermentation of inulin-type fructans is accom-
panied by a significant change in the composition of the colonic microbiota due
to selective proliferation of bifidobacteria and a concomitant reduction in the
number of other bacteria like bacteroides, fusobacteria or clostridia. Based on
the results of well designed human studies that have shown significant changes
in the composition of human faecal flora it can be concluded that inulin-type
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fructans (3-15 g/day for a few weeks) are prebiotic [51,71,72]. But, even though
some studies showed a significant reduction in the number of clostridia, the
health benefit(s) (e.g. reducing the risk of intestinal infections) of such a change
in the compostion of the colonic microbiota still need to be established. A recent
report by Hunter et al. has shown that, at a daily dose of 6 g (3 x 2 g), oligofruc-
tose had no therapeutic value in patients with irritable bowel syndrome [73].
But, in an experimental model of necrotising enterocolitis in quails, Catala et al.
have reported data that support the hypothesis that oligofructose might prevent
the overgrowth of bacteria known to play a role in this pathology in preterm
neonates [74].

For other NDOs, in vivo studies have also been performed with doses ranging
from 3 g up to 15 g/d, given for 1, 2 or 3 week periods. For soybean oligosac-
charides, a dose of 10 g given twice daily for 3 weeks, significantly increased the
number of bifidobacteria whilst slightly decreasing clostridia counts [52]. A
dose of 3 g/d not only increased bifidobacteria but also bacteroides and eubac-
teria [53]. For the galactooligosaccharides, Tanaka et al. [54] and Ito et al. [55, 56]
have reported an increase both in bifidobacteria and lactobacilli for doses
ranging from 3 to 10 g/d. A daily dose of galactosylsucrose (5 or 10 g/d) similarly
stimulated the growth of bifidobacteria after 1 and 2 weeks of ingestion [57].
An isomaltooligosaccharide dose of 13.5 g/d for 2 weeks significantly increased
bifidobacteria both in adult and elderly volunteers [58]. Palatinose condensate
may also stimulate the growth of bifidobacteria [59]. For all these NDOs, except
galactooligosaccharides, only a single human intervention study has been per-
formed that needs to be repeated before any prebiotic effect can be claimed.
Moreover, as discussed above, great care should be given to quantify the faecal
microflora and to identify changes in its composition.

9.3.5
Physiological Effects in the Gastro-Intestinal Tract

The fermentation of NDOs in the colon has a series of consequences that affect
large bowel physiology. Firstly it produces short chain fatty acids that create a
more acidic environment that is beneficial for the development of bacteria like
bifidobacteria or lactobacilli but is detrimental to the growth of potentially pa-
thogenic species like clostridia or Escherichia coli. Furthermore, in this acidic
environment ammonia and amines become protonated and are thus much less
absorbable and more readily excretable. Secondly, it leads to a proliferation of
colonic bacteria resulting in an increase in faecal mass and consequently a
beneficial bulking effect. As a consequence of these two large bowel processes
(i.e. production of acids and proliferation of bacteria), only part of the energy of
the malabsorbed oligosaccharides is salvaged. As compared to absorbed carbo-
hydrates (e.g. starch or sucrose) NDOs have thus a lower energy value for the
host. Caloric values between 1 and 2.1 Kcal/g or 25 to 50% of the caloric value of
sucrose have been reported especially for inulin-type fructans [75]. But, as
stated recently by a group of experts, ‘all carbohydrates which are more or
less completely fermented in human colon, should be given a caloric value of
1.5 Kcal/g (6.3 K]/g)’ [48]. Indeed the daily intake of these dietary carbohydrates
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is likely to remain small, probably often not more than 5% of total daily calorie
intake. It is thus not justifiable to spend too much effort in trying to give, for such
carbohydrate, a precise calorie value, the determination of which will depend on
the protocol used and, probably also, on the diet in which they are included.

An other physiological consequence of the consumption of NDOs that has
been recently reported for the inulin-type fructans is an increase bioavailability
of calcium. Such an effect has extensively been studied in rat and hamster
[76-78]. These studies have led to conclude that, most probably because of their
malabsorption and their colonic fermentation, these food ingredients facilitate
calcium absorption from the large bowel compartment thus complementing the
process that takes place in the small bowel. Change in colonic pH, production of
short chain fatty acids, and increase in mucosal concentration of the calbinding
protein in the colon have been proposed as hypotheses to explain that effect. Be-
sides increased calcium bioavailability, it has also been shown both in rat and in
hamster that feeding fructooligosaccharides increase calcium concentration
and improve bone structure [77, 78]. More recently, two human trials (one in
adolescents and one in adults) have shown that supplementing the diet with
either 15 g oligofructose [79] or 40 g of inulin [80] significantly increases the
apparent absorption of calcium by 12% and 11% respectively. The first study
used the calcium balance measurement whereas the second utilized the double
stable isotope technique. The result of the first study has recently been con-
firmed using 8 g/d of “synergy 1” (a mixture of oligofructose and high molecu-
lar weight inulin) [Abrams S, personal communication].

Nevertheless and besides their prebiotic effect, NDOs, because they are mal-
absorbed and fermented in the colon, are part of the dietary fibre complex [81].
In particular it has been shown that inulin-type fructans have a faecal bulking
effect that is comparable to that of a soluble fibre like pectin [8]. Moreover, an
internationally validated method derived from the AOAC method for dietary
fibre analysis exists to quantify inulin and oligofructose in plants and food

products [82]. For the purpose of food labeling they are classified as dietary
fibre.

9.3.6
Prebiotics and the Risk of Colon Cancer

Over the last two years, reports have been published that repeatedly demonstrat-
ed that feeding inulin-type fructans to rats previously treated with a colon car-
cinogen (i.e. dimethylhydrazine or azoxymethane) reduces the incidence of the
so-called aberrant crypt foci in the colon [83, 84]. In one of these studies, the
synbiotic approach that combines oligofructose (prebiotic) and bifidobacteria
(probiotic) was reported to be more active than either the prebiotic or the pro-
biotic alone [84]. Furthermore, Pierre et al. [85] have demonstrated that oli-
gofructose reduces or even suppresses the number of tumors and stimulates the
gut associated lymphoid tissue, as measured by the number of lymphoid nod-
ules in transgenic Min mice. Even though still experimental, these data suggest
that inulin-type fructans might play a role in reducing the risk of developing
preneoplastic lesions in the colon. Moreover such an effect might not be limited
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to inulin-type fructans. Indeed, as discussed by Rumney and Rowland [86] ‘non-
digestible oligosaccharides may exert anti-carcinogenic effects firstly because
they have been shown to beneficially affect certain biomarkers known to be
associated with cancer risk (e.g. reduction of bacterial B-glucuronidase and
nitrate reductase activity, pH, and conversion of a dietary carcinogen to its
genotoxic metabolite in caecal contents or faeces of NDOs fed rats and human
volunteers respectively) and secondly because they stimulate the growth of
lactic acid bacteria for which evidence of anti-genotoxic and anti-carcinogenic
effects have been reported’.

9.3.7
Conclusion: Prebiotics, What Benefit(s) for Human Health?

Prebiotics have nutritional properties which, in the present state of knowledge,
originate mainly in resistance to the hydrolytic activities in the upper part of the
gastro-intestinal tract of monogastric organisms followed by extensive fermen-
tation in the large bowel leading to significant changes in the composition of the
colonic microbiota. The gastrointestinal target functions which are associated
with a balanced microflora together with an optimal gut associated lymphoid
tissue (GALT) are relevant to the state of well-being and health and to the re-
duction of the risk of diseases. The colonic microflora is a complex ecosystem
the functions of which are a consequence of the combined action of the micro-
bes that, besides interacting with the GALT, contribute to salvage of nutrient
energy and produce end-metabolic products like the short chain fatty acids
(SCFAs) that play a role in cell differentiation, cell proliferation and metabolic
regulatory processes. It is generally assumed that the group of potentially health
promoting bacteria includes principally bifidobacteria, lactobacilli and bac-
teroides which are and possibly should remain the most important genera in
humans. Changes in the composition of the faecal flora, a recognised surrogate
marker of the residual colonic microbiota, can be considered as a marker, both
indicator and factor, of large bowel functions. They might play a role in gastro-
intestinal infections and diarrhoea, constipation, irritable bowel syndrome, in-
flammatory bowel diseases and colorectal cancer.

Probiotics (e.g. lactobacilli or bifidobacteria) and prebiotics (like chicory
inulin and its hydrolysate oligofructose) and synbiotics (a combination of both
pro- and prebiotics) are recent concepts in nutrition that have already and will
in the future be used to support the development of functional foods targeted
towards gut functions. Their effects may include:

» stimulation of the activity of the GALT (eg increased IgA response, produc-
tion of cytokines...),

o reduction of the duration of episodes of rotavirus infection,

 change in the composition of the faecal flora to reach/maintain a composition
in which bifidobacteria and/or lactobacilli become predominant in number,
a situation that is considered optimal,

e increase in faecal mass (stool bulking) and stool frequency,

e increase in calcium bioavailability via colonic absorption (e.g. inulin).
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By reference to the recently released European consensus on scientific concepts
of functional foods [1], prebiotics, especially inulin-type fructans (but also syn-
biotics) are thus good candidates to be recognised as functional food ingre-
dients for which claims should become authorized [87]. Such claims should
relate to enhanced gastrointestinal functions (e.g. composition of colonic flora,
bulking effect, and bowel habit and, calcium bioavailability...) or risk of de-
veloping a disease such as colon cancer. In addition animal data show that
feeding inulin-type fructans significantly reduces hepatic lipogenesis and tri-
glyceridemia [88, 89]. But so far, trials that have evaluated their effect on lipid
parameters in humans have produced contradictory results [90-92]. More work
is thus still needed especially in performing human nutrition studies, but sound
hypotheses have already been formulated that fully justify these studies. All
these aspects of the nutritional properties of non-digestible oligosaccharides
have been critically evaluated by a group of European experts who have pub-
lished their consensus views on the topic [93].

9.3.8
Conclusions

The gastrointestinal functions that are associated with a balanced intestinal
microflora together with an optimal gut associated lymphoid tissue system are
relevant to the maintenance of health and well-being and also contribute to the
reduction of risk of disease.

Probiotics: Evidence suggests that probiotics can re-inforce the normal gut
flora and contribute to the maintenance of an optimum gut flora balance which
is conducive to health. In particular, they can restore gut microflora balance after
disruption e.g. after antibiotic therapy or a bout of travellers’ diarrhoea. Probio-
tics can also aid specific digestive functions e.g. alleviating the effects of lactose
intolerance, decreasing mutagenic activity in the gut by lowering the activities
of microbial enzyme which may play a role in carcinogenesis. Specific probiotics
have been used effectively to shorten the duration of rotavirus diarrhoea, in the
treatment of food-related allergic dermatitis and to alleviate the symptoms of
irritable bowel syndrome. Recent preliminary research also suggests that pro-
biotic therapy may play a role in the management of inflammatory bowel dis-
ease and in the suppression of H. pylori.

Prebiotics: Being part of the dietary fibre complex they share many of the
effects of dietary fibre such as, production of short chain fatty acids mainly ace-
tate, butyrate and propionate, reduction in colonic pH and increase in faecal
weight. In addition, they selectively encourage bifidobacteria proliferation with
a concomitant reduction in potentially pathogenic bacteria. The health benefits
associated with these changes though not well established are increasing. For
example the bulking effects lead to dilution of carcinogens and more rapid in-
testinal transit which may contribute to reducing the risk of preneoplastic lesion
development in the colon. Research also suggests that prebiotics may play a role
in the prevention of gastrointestinal infections, shortening of the duration of
diarrhoea, alleviation of the symptoms of irritable bowel syndrome and con-
tribute to decreasing the risk of developing colon cancer. More recently oligo-
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saccharides have also been shown to enhance calcium bioavailability in humans
and animal studies have shown that prebiotic oligosaccharides can improve
bone calcium concentration and structure.
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10 Phytoestrogens and Health

Janet Cade, Victoria Burley, and Sara Kirk

10.1
Introduction

10.1.1
Phytoestrogens — What are They and Where do we Find Them?

Phytoestrogens are compounds that are naturally present in almost all plant
foods to a varying degree. They include several different classes of chemical
compounds known as isoflavones, coumestans and lignans (Fig. 1). These com-
pounds are structurally similar to the human hormone oestradiol, which is the
most potent form of oestrogen [1]. Oestrogen is known to be of key importance
in the maintenance of female reproductive health and bone density and is also
believed to have a cardioprotective effect in pre-menopausal women. For these
reasons, phytoestrogens are being viewed as potentially important in the devel-
opment and management of a range of human diseases, including heart disease
and some forms of hormone-sensitive cancers.

Phytoestrogens are known to produce a broad spectrum of biological activity
and according to the dose, are capable of both oestrogenic or anti-oestrogenic
effects [2]. They bind to oestrogen receptors in many tissues, but are not able to
stimulate a full oestrogenic response [3]. In other words they have a mild effect
compared to the natural oestrogens produced by our own bodies.

Initial interest in phytoestrogens developed following observations of reduced
fertility in animals fed diets containing rich sources of phytoestrogens, such as red
clover [4]. Interest then switched to their activity in humans, when it was postu-
lated that some of the phytoestrogens could also explain (at least in part) why diets
containing large amounts of plant foods are associated with lower mortality and
morbidity in adult life [5]. However, one of the main problems encountered in
studying the effects of these compounds is the large number of different substances
incorporated within the phytoestrogen group. For example, at least 15 different
types of isoflavones have been identified in foods. It is therefore very difficult to
isolate the particular components responsible for a certain biological effect. This
may partly explain why much of the evidence surrounding the role of phytoestro-
gens is often unclear and even conflicting. Further research is therefore needed be-
fore any definitive conclusions can be drawn about the use of phytoestrogens in
disease management. This chapter aims to provide a summary of the evidence,along
with guidance on how phytoestrogens might be best incorporated into our diets.
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
© Springer-Verlag Berlin Heidelberg 2001
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10.1.2
Isoflavones

To date, the bulk of research on phytoestrogens has been conducted on the iso-
flavone class of phytoestrogens. It is these compounds which have been thought
in particular to have a protective effect against disease.

There are three main families of isoflavones, called genistein, daidzein and
glycitein. These are formed when the body converts the isoflavone forms by
removing the glucose on the side chain to make the aglycone form (genistein,
daidzein and glycitein) prior to absorption or further metabolism by the body.
The extent to which any further metabolism occurs appears to vary considerably
between individuals and is influenced by the rest of the diet. For example, when
a high carbohydrate diet is consumed, this generates increased intestinal fer-
mentation by bacteria in the gut, with more biotransformation of phytoestro-
gens occurring. During this process, daidzein is converted to equol, a com-
pound that has an oestrogenic potency which is much higher than its precursor
daidzein [6].

Although isoflavones are generally found in legumes, soya beans and soya
bean products are a particularly rich source [7]. However, the type of isoflavone
found in soya-based foods is dependent upon the method of processing used.
For example, non-fermented soya foods, like Tofu, contain greater levels of
glucosides, while fermented soya foods, like Tempeh, contain greater levels of
aglycones. Second generation soya foods, such as tofu yoghurt contain much less
isoflavone than the original soya bean due to processing losses. Soya milk can be
produced either from the whole bean (which has a rather beany flavour) or from
isolated soy protein. Both these products have similar levels of isoflavones. A ser-
ving of 500 ml of soya milk per day can provide isoflavone intakes similar to that
consumed by Japanese and Chinese people consuming a traditional diet. These
levels of intake (around 25-50 mg/day) have been shown to have a cholesterol
lowering effect in some studies [8]. Soya milk consumption may therefore be
one of the ways in which people might consider supplementing their diet with
phytoestrogens to achieve this benefit.

10.1.3
Coumestans

A large number of coumestans have been isolated from plants but only a few
have been shown to have oestrogenic properties. Although, the metabolism of
coumestans has not yet been fully characterised [1] it is thought that coumes-
trol, found in soy protein, is one of the most oestrogenic phytoestrogens studied.

Although split peas and some other legumes contain small amounts of cou-
mestrol, the richest sources of coumestans in foods are found in sprouted seeds
such as clover and alphalpha.
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10.1.4
Lignans

Lignans are widespread in plants as lignin, which confers rigidity to plant cell
walls. Plant lignans exist as diglucosides which are converted by colonic bacterial
flora to the mammalian lignans, the diphenols: enterodiol and enterolactone.
These latter compounds are structurally similar to oestradiol. As lignins have
such an important structural role in plants they are widely found in plant foods.
They are also found in soya beans and other legumes, wholegrain breads, brown
rice, peanuts and fresh fruit and vegetables [4]. Not surprisingly, plasma lignan
levels have been reported to be up to 10 times higher in vegetarians compared to
omnivores [9, 10], reflecting the higher intakes found in a vegetarian diet.

10.2
Dietary Intake

Because of the relative novelty of interest in the role of phytoestrogens and dif-
ficulties encountered with their isolation and analysis, there is a lack of infor-
mation about the phytoestrogen content of many food items. This is particularly
the case for processed foods that contain some soya products, where levels of
phytoestrogens may be variable due to losses that occur through processing. Un-
til recently, most work on determining the presence of phytoestrogens in food
has used urine and blood levels of isoflavones and lignans as a marker for food
intake. Urinary levels of lignans are greater than isoflavone levels in individuals
consuming a western diet, indicating the more widespread availability of lignans
in the diet. Far Eastern intakes of isoflavones are around 30 mg/day, compared
to negligible amounts (less than 1 mg/day) in people consuming more Western
diets. Intakes of 50 mg/day of isoflavones will have significant endocrine effects
[11]. To put this into the context of pharmacological doses of oestrogens, 20 g
of soya bean sprouts contains 70 ppm coumestrol, equivalent to a daily dose
of 0.5 diethylstilboestrol equivalents whereas the “morning after” pill contains
50,000 equivalents (Notis).

Table 1 shows some of the major dietary sources of phytoestrogens in the diet.

Studies looking at dietary intake of phytoestrogens in an American popula-
tion found the main source of isoflavones to be peas and beans, the main source
of coumestans to be broccoli and the main source of lignans to be fruits (other
than citrus fruit) [12].

Urinary and blood levels of isoflavones and lignans increase after consump-
tion of a soya bean or linseed supplement. Blood levels can increase within
30 minutes of consumption and begin to decline after 5 hours post-ingestion,
although elevated levels remain at 24 hours [4].

When soya is consumed regularly, plasma isoflavone levels are found to be
much greater than normal plasma oestradiol levels. Dose and duration of intake
are therefore major factors affecting the clinical and biological outcome of a
phytoestrogen-rich diet.

Dietary supplements containing isoflavones are appearing on the market, as
“natural” hormone replacement therapies. Some breads containing seeds are
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Table 1. Phytoestrogen content of some common foods'

Food Daidzein Genistein ~ Coumestrol  Enterodiol  Enterolactone
mg/100g  mg/100g  mg/l00 g ug/100 g pg/100 g

Tofu 4.2 6.3

Soya milk 0.5 0.4

Miso 20.0 23.2

Tempeh 11.3 16.4

Soya sauce 0.8 0.5

TVP 3.0 6.7

Rapeseed 155 975
(unprocessed)

Wheat bran 298 269
Brown rice 128 169
Pea (dried) 8.1

Peas (frozen) 62 60
Lentils 119 278
Baked beans 96 269
Broccoli 65 161
Garlic 326 81
Carrot 62 284
Pear 69 112

Missing values do not imply that the food does not contain the phytoestrogen, rather that the
values are not available.
! Main source of information NOTIS CD-ROM (Institute of Food Research, Norwich, UK).

being marketed as phytoestrogen-rich. Since the impact of these modified foods
and supplements on health has yet to be fully established, it is not possible to
form a clear opinion about their suitability for the general public.

10.2.1
Baby Foods

As more information becomes available about the effects of exposure to envi-
ronmental endocrine modulators [13], there has been some recent concern that
like oestrogens, the consumption of phytoestrogen-rich soya-based infant for-
mulae might have adverse effects on sexual development and fertility. Although,
there is no evidence that there are any ill effects of soya consumption on the
fertility of populations that normally use large quantities of soya, animal studies
show that a hormonal imbalance in early life may lead to reproductive problems
[13]. Examination of the isoflavone concentration of infant formulae showed
that cows’ milk based samples were below the limit of detection, but soya-based
samples had concentrations ranging from 18 mg-33 mg isoflavone per litre of
made up formula. Therefore, a 1 -2 month infant would potentially consume in
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the region of 5 mg isoflavone/kg body weight per day. Isoflavones circulate at
concentrations that are 13,000-22,000-fold higher than plasma oestradiol con-
centrations in early life [14]. However, since the metabolism of isoflavones is still
poorly understood it is not clear what the implications are of these findings.
Levels of isoflavones in formulae have not increased over recent years and in
general, breast milk (or cows’ milk formulae) is the preferred source of nutrition
for infants. As more suitable hydrolysate-based formulae become available the
clinical grounds for recommending the use of soya-based formulae are reduc-
ing. Parents who have been advised by their doctor or other health professio-
nals to use soya-based formulae are recommended to continue, as the benefits
are thought to outweigh any potential risks. The Panel on Child and Maternal
Nutrition of the Committee on Medical Aspects of Food and Nutrition Policy
states that since it is possible that there may be adverse effects from phytoestro-
gens in soya products, including soya based formulae, the precautionary prin-
ciple should be applied i.e unless there are definite clinical grounds for using
soya based formulae other milks should be provided [15, 16].

10.2.2
Key Points

Soya derived foods are the main dietary sources of isoflavonoids.

Lignans are widely consumed in the diet.

Far Eastern diets contain higher levels of phytoestrogens than Western diets.
There is currently no evidence of harm from soya-based infant formulae.
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10.2.3
Effects on Health

Heart disease, breast cancer, prostate cancer, osteoporosis and menopausal
symptoms share a common epidemiology in that they are all rare in popula-
tions which consume traditional diets containing soya products compared with
western populations, where soya products are consumed only in small quanti-
ties. Cross-sectional studies show higher phytoestrogen levels in urine and plasma
in populations at lower risk of these diseases. Thus, it has been suggested that
supplementing the diet with phytoestrogens may reduce the risk of developing
these diseases.

10.3
Heart Disease

10.3.1
Phytoestrogens May Reduce Blood Cholesterol Levels

The main established risk factors for coronary heart disease (CHD) are raised
serum cholesterol, raised blood pressure and smoking. Prior to their meno-
pause, women are better protected than men from developing raised cholesterol
levels by the production of oestrogen. This is one reason why men are more
prone to heart disease than women. It also explains why post-menopausal
women are at increased risk of heart disease, when oestrogen levels fall, leading
to a rise in cholesterol levels.

Cholesterol reduction can be achieved by reduction in saturated fat intake in
the diet or by drugs. Oestrogens in hormone replacement therapy and the anti-
oestrogen drug Tamoxifen also lower LDL-cholesterol, the type of cholesterol
associated with raised serum cholesterol levels [4]. A recent meta-analysis of 38
controlled clinical trials has concluded that consumption of soya protein rather
than animal protein significantly decreases blood cholesterol, LDL cholesterol
and triglycerides [17]. This review also suggested that phytoestrogens may
account for around 60-70% of the effects seen. The American Food and Drug
Administration has recently agreed that label claims can be made on certain
food products to the effect that regular consumption of soya protein may help to
reduce the risk of heart disease. The mechanism by which this occurs is not yet
clear, although the beneficial effects are not seen in animals fed soya protein
with the isoflavones removed [18]. However, the non-starch polysaccharide
(NSP or dietary fibre) found in soya beans might also account for some of the
cholesterol lowering effects found. Isolated isoflavone concentrates (which may
be used in dietary supplements) have not been shown to have a positive effect
on lowering cholesterol. This suggests that there may be some other compo-
nent at work that enhances the hypocholesterolaemic effect of phytoestrogens
[19,20].
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10.3.2
Other Possible Effects of Phytoestrogens on CHD Risk

Oestrogen has acute beneficial effects on vascular reactivity and longer-term
effects on critical steps in the pathogenesis of atherosclerosis. Phytoestrogens
appear to have potent beneficial effects on the arterial wall. The phytoestrogens
have certain similarities to ‘designer hormones’ which are being developed to
retain their beneficial effects on the cardiovascular system and the skeleton
without having cancer promoting effects on the breast and endometrium [21].
Isoflavones have antioxidant properties and may contribute to reducing the oxi-
dation of lipids [22]. This will protect against the first stages of atherosclerosis
whereby oxidatively damaged LDL-lipoproteins form foam cells in the lining of
the arteries.

One study has found that an important measure of arterial health, systemic
arterial compliance, was significantly improved in perimenopausal and me-
nopausal women taking soya isoflavones to about the same extent as may be
achieved with conventional hormone replacement therapy [20].

Genistein, in particular, has been shown to have an effect on tyrosine kinases
and may influence the cellular processes that lead to atherosclerosis. It has also
been found to affect the clotting process in vitro, inhibiting platelet aggregation
and acting as a thromboxane-receptor agonist. Some of these effects occur at
low levels of intake [4]. Future research should assess the potential therapeutic
effects of phytoestrogens in vivo.

10.3.3
Key Points

 Phytoestrogen foods may lower blood cholesterol.
* Isoflavones act as antioxidants.
« Genistein may affect the blood-clotting process.

10.4
Cancer

10.4.1
General Effects of Phytoestrogens

There is mounting evidence that phytoestrogens in the diet may reduce the risk
of certain cancers. In vitro studies have suggested numerous mechanisms by
which isoflavones may be cancer preventive. The weakly oestrogenic diphenols
formed from phytoestrogens influence sex-hormone production, metabolism
and biological activity, intracellular enzymes, protein synthesis, growth factor
action, malignant cell proliferation, differentiation, cell adhesion and angio-
genesis in such a way as to make them strong candidates for a role as natural
cancer-protective compounds. Their effect on some of the most important
steroid synthesising enzymes may result in beneficial changes in hormone
concentrations and action in the cells, thereby inhibiting the development of
cancer [23].
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Phytoestrogens bind to the oestrogen-receptors without stimulating a full
oestrogenic response. They antagonise oestradiol and can act as both oestrogens
and anti-oestrogens. In animal models, soya bean products generally reduce
tumours induced by chemical carcinogens. This effect has been attributed to
the anti-oestrogenic characteristics of isoflavones [4]. Lignans and isoflavonoids
may affect uptake and metabolism of sex hormones by participating in the re-
gulation of plasma serum hormone binding globulin levels. In this way, they may
inhibit cancer cell growth, like some flavonoids, by competing with oestradiol
for the type II oestrogen binding sites [24]. In vitro, genistein can inhibit the
growth of a wide range of hormone dependent and independent cancer cells and
can inhibit the metastatic activity of both breast and prostate cancer cells [3].
These effects tend to occur at levels higher than can be easily achieved by dietary
intake in free-living populations. On the other hand, some phytoestrogens have
been shown to have proliferative (i.e. cancer promoting) effects through oestro-
gen receptor mediated pathways at rather lower concentrations [1].

Independent of the actions of phytoestrogens themselves is the fact that diets
higher in plant products are usually rich in antioxidants and other micronu-
trients and lower in fat, which may result in leaner individuals with less potential
for the synthesis of oestradiol in adipose tissue. Further research is needed to
determine the relative health benefits of other dietary components compared
with phytoestrogens.

10.4.2
Breast Cancer

There is evidence to suggest that the consumption of phytoestrogens is inversely
related to breast cancer risk, although their effects seem to be influenced by the
dosage consumed, the presence of obesity and menopausal status. It has been
hypothesised that obesity increases the risk of postmenopausal breast cancer in
women consuming small quantities of phytoestrogens, but may not increase risk
in women consuming larger quantities. This may occur by diminishing the
binding capacity of stronger endogenous oestrogens to receptors. Such an as-
sociation might partly explain the low breast cancer rates observed among
postmenopausal Hispanic women despite their greater adiposity, an important
risk factor for breast cancer. If this association could be demonstrated it would
have important implications for reducing breast cancer risk through diet, using
naturally occurring substances, particularly in women for whom postmeno-
pausal obesity is an important health concern [25].

There is no direct evidence of reduced risk of breast cancer or recurrence
of the disease from intervention studies using either phytoestrogen rich diets
or supplements. However, phytoestrogen-rich diets and supplements are
known to modulate menstrual cycle duration, which is indirectly related to
breast cancer risk.

Pre-menopausal women who consumed a supplement containing 45 mg isofla-
vones per day showed a 2.5 day increase in the follicular phase of their menstrual
cycle and reduced levels of follicle stimulating hormone and luteinizing hormone
[11]. However, not all studies have shown this effect, and it may be dependent on
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the amount of phytoestrogens consumed. Nevertheless, longer cycles, which are
typical of Asian women, have been associated with reduced risk of breast cancer.
Furthermore, a meta-analysis of 9 studies (8 case-control and 1 cohort) showed
some evidence of a small reduction in pre-menopausal breast cancer risk asso-
ciated with soya consumption. However, the number of studies was small and the
measurement of soya intake was crude. Interpretation of these studies was com-
plicated by the generally low consumption of soya products in the studies on non-
Asian populations,and the fact that similar reductions in risk were associated with
widely varying soya intakes. The relationship is confused further by the results of
some studies that have indicated potentially adverse effects of soya on breast can-
cer risk. On balance, it is therefore too early to recommend that women increase
their soya intake until further trials have been conducted [26].

10.4.3
Prostate Cancer

Prostate cancer is the most common hormone dependent cancer in men, with a
rapidly rising incidence rate in the UK. The incidence rate of clinical prostate
cancer in the USA among white men is 10-15 fold higher than the Japanese rate.
However, the overall latent prostate cancer rate is only about 50% higher in the
USA. (Latent prostate cancer being cancer which does not progress during life
and is determined at postmortem or following surgical resection of the prostate.)
This suggests that in some populations the growth of prostate tumours is slower
or the onset occurs later in life. Although clearly, many lifestyle features may
differentiate between these populations it has been speculated that the intake of
soya bean foods may be a contributory factor.

There are no reports of clinical trials in which phytoestrogens have been de-
monstrated to reduce the incidence rates of prostate cancer [27]. However, one
small trial of feeding soya to men with prostate cancer found that the men given
a fermented soya drink had a slower rise in the production of prostate specific
antigen (a marker of prostate cancer) compared to the placebo group over 6
months [28]. Furthermore, isoflavone levels in prostatic fluid are much higher in
Hong Kong and Chinese men consuming soya than Portuguese and British men
[29]. Tofu consumption has been associated with reduced risk of prostate cancer
in Japanese men (although the difference did not quite reach statistical signifi-
cance) [30].

At present there is no evidence that phytoestrogens are either beneficial or
detrimental to men who are undergoing treatment for prostate cancer.

10.4.4
Other Cancers

The evidence from case-control studies in which soya bean intake has been as-
sessed has been reviewed by Messina et al. [31]. In general, they concluded that
high intakes of soya appear to protect against lung and stomach cancer. Studies
conducted on rats, however, have indicated that raw soya products may cause
pancreatic carcinomas. Carcinoma levels are reduced on cooking and proces-
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sing soya flour, and there is no epidemiological evidence that human popula-
tions consuming soya bean are at greater risk of pancreatic cancer [32].

10.4.5
Key Points

o Epidemiological evidence and in vitro studies suggest a protective role for
phytoestrogens in a number of cancers.

¢ There is no direct evidence from clinical trials to support this as yet.

o For people with existing hormone-dependent cancers, supplementing the
diet with phytoestrogens will probably not be harmful.

10.5
Osteoporosis

Osteoporosis is particularly prevalent in women during and after the meno-
pause due to the loss of oestrogen that accelerates bone loss. Hormone-replace-
ment therapy and Tamoxifen are known to slow down this bone loss. A synthe-
tic phytoestrogen, Ipriflavone can inhibit bone-resorption in post-menopausal
women, though its action is not thought to be due to association with oestrogen
receptors [4]. Animal studies have shown that phytoestrogens, particularly
coumestrol, can prevent bone loss by increasing bone formation at a rate which
exceeds bone resorption [33].

It is likely that postmenopausal women may benefit from dietary supple-
mentation with phytoestrogens to maintain bone mass. A recent trial in which a
soya bean protein supplement (containing a relatively high dose of isoflavones)
was consumed over 6 months demonstrated a clear improvement in bone min-
eral density in a group of postmenopausal women [34].

Epidemiological data on this issue is scarce and does not always support a
protective effect. For example, in a 10-year follow up study among postme-
nopausal women in the Netherlands urinary isoflavone excretion was measured
and compared with the rate of bone loss. Excretion of isoflavonoids did not dif-
fer between groups according to the rate of bone loss, although in multivariate
analysis equol excretion was weakly positively associated with rate of bone loss
in the five years after the menopause. Enterolactone excretion was significantly
higher in the group with a high rate of bone loss. This positive association
remained in multivariate analysis after adjustment for age, years since meno-
pause, body mass index and intake of calcium, vegetable protein and dietary
fibre. Enterolactone excretion is therefore likely to be an indicator of consump-
tion of grains and legumes, however, it is not clear whether the observed posi-
tive association with rate of bone loss is a causal one. These results do not sup-
port a preventive effect of low, unsupplemented dietary intake of phytoestrogens
on postmenopausal cortical bone loss. However, no conclusions can be drawn
about effects of higher doses of phytoestrogens [34].

Soya intake has also been suggested to protect against bone loss by mecha-
nisms that are independent of its oestrogenic effects. Soya foods are a good
source of calcium and a high soya protein diet may prevent the urinary calcium
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loss seen with a high animal protein diet [1]. This may help to offset lower cal-
cium intakes among vegetarians and vegans [3].

Osteoporosis has been predicted to be a new burden to public health in Asia.
Currently, the incidence of osteoporosis-related fractures in Asia is lower than in
most western communities. By the year 2050, however, 50 % of the 6.3 million hip
fractures that occur world wide will occur in Asians due to a combination of
factors, including; an ageing population, a decrease in physical activity and
westernization of lifestyles. The cost of treatment and cure for these patients will
be large. Public health education is needed to encourage the Asian population to
maintain their traditionally healthy lifestyle thereby reducing the risk factors for
osteoporosis [36].

10.6
Key points

» A high phytoestrogen diet may protect against osteoporosis.
o There is not enough evidence to make clear recommendations on this issue.

10.7
Menopausal Symptoms

Although the menopause is an inevitable life event for women there is consider-
able variation across populations in the degree to which individuals suffer from
side effects associated with falling oestrogen levels. In the developed world, it
has been estimated that approximately 70% of women will suffer from some
symptoms, typically hot flushes and sweats [6].

Oestrogen is known to modulate serotonergic function [37]. It has been sug-
gested that oestrogen and serotonin are involved in reproductive-endocrine-re-
lated mood disorders: premenstrual syndrome and perimenopausal depression
[38]. Low serotonin activity premenstrually has been associated with depression
and effects on appetite [39]. Oestradiol replacement therapy showed a signifi-
cant increase in urinary 5-hydroxyindole acetic acid (5-HIAA) in post meno-
pausal women due to enhanced serotonin turnover [40]. Since phytoestrogens
exert weak oestrogenic effects, they may affect serotonin levels thereby playing
a role in mood changes and cognitive function during the menopause.

Although there is considerable interest in the use of phytoestrogens as an
alternative to classical HRT therapy [41], there is currently only limited hard
evidence that the consumption of different phytoestrogens will have a signifi-
cant impact on symptoms experienced. Until recently, much of the evidence on
phytoestrogens has been provided by anecdotal reports or poorly conducted
studies in which the results were complicated by a large placebo effect.

One study of Japanese women found that estimated isoflavone intake from
total and fermented soya products was lower in women who experienced hot
flushes compared to those without [42]. A randomised double-blind controlled
trial of soya flour or wheat flour supplements, in 58 postmenopausal women
with menopausal symptoms found a significant reduction in hot flushes in the
soya group compared to the wheat group over 12 weeks [43].In another study 97
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post-menopausal women were randomized to a diet containing soya foods or
their normal diet [41]. Only a small oestrogenic effect on vaginal cytology was
found after 4 weeks on the soya diet. A third trial also found that a phytoestro-
gen-rich diet over 12 weeks alleviated hot flushes and vaginal dryness symptoms
[44]. However, two recent trials did not find any conclusive improvement in me-
nopausal symptoms [45, 46] and it is clear that there is a need to look in more
detail at the potential effects and mechanisms of phytoestrogens on the oestro-
genisation of post-menopausal women.

10.7.1
Key Points

e Although research on the effects of phytoestrogens on menopausal symp-
toms is in its infancy, the evidence suggests that there may be some benefits,
particularly in reducing hot flushes.

e This area is worthy of further investigation.

10.8
Potential Adverse Effects

Since phytoestrogens act as weak oestrogens it is possible that adverse effects as-
sociated with oestrogens, such as deep vein thrombosis, may also be a potential
risk with consumption of phytoestrogen supplements or phytoestrogen-rich
foods [47].

There has been increasing concern about the effect of oestrogen-like compo-
unds on the reproductive health of males, both human and animal. In theory,
phytoestrogens and structurally related compounds could harm the reproduc-
tive health of males by acting as antioestrogens. Exposure to diethylstilbestrol
(DES) (a synthetic oestrogen) induces changes in the developing reproductive
tract of males. It is possible that oestrogen-like substances other than DES alter
sexual differentiation in males and account for the increasing incidence of
developmental disorders of the reproductive tract in men and wild animals.
Phytoestrogens (coumestans, isoflavonoids, flavonoids, and lignans) present in
numerous edible plants are quantitatively the most important environmental
oestrogens when their hormonal potency is assessed in vitro. Oestrogenic ef-
fects in wildlife have been described but the evidence for the role of phytoestro-
gens is indirect and only seen under conditions of excessive exposure. Animal
studies have shown that in doses comparable to the daily intake from soya-based
feed, isoflavonoids such as genistein were oestrogen - agonists in the prostate of
adult laboratory rodents. In neonatal animals, no persistent effects were ob-
served. In contrast, the rat appears to be sensitive to phytoestrogens during
development in terms of male sexual behaviour and development. The changes
were similar but not identical to those seen after neonatal treatment with DES,
although higher doses of phytoestrogens were needed [48].
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10.9
Conclusions and Recommendations

Despite considerable research activity in the field of phytoestrogens, conclusive
evidence is lacking for most of the postulated health benefits of these com-
pounds.

Phytoestrogens are generally found in soya-based foods, fruit, vegetables,
legumes and whole grains. Recommendations for healthy eating suggest that we
consume at least five portions of fruit and vegetables per day [49]. Encouraging
people to eat a diet rich in fruit and vegetables and whole grain cereals will
automatically increase the phytoestrogen content of the diet and may have a
whole range of positive consequences for health.

Until further results from clinical trials are available it is still too soon to
recommend consumption of phytoestrogen-rich dietary supplements. However,
if people choose to consume these products there is little evidence that they will
do any harm.
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11 Dietary Supplements and their Role
in the Prevention and Treatment
of Coronary Heart Disease

Peter Jackson, Lawrence Ramsay, and Erica Wallis

11.1
Introduction

Despite all the strategies to prevent coronary heart disease (CHD) and the ad-
vances in the treatment of existing disease it remains one of the major causes of
morbidity and mortality in the Western world. The lifetime risk of coronary
events is such that most adult men will suffer a coronary event and the propor-
tion of women similarly affected, although smaller, is still sizeable. Prevention of
CHD is one of the UK Government’s key targets set out in ‘Saving lives: our
healthier nation’ and whilst rates of CHD have begun to fall, the UK remains one
of the world’s black spots for coronary disease [1]. Although much public con-
cern is about death from HIV and cancer, heart disease remains numerically a
much greater threat to health. Even in the developing world CHD, once in-
frequent compared with deaths due to infectious diseases, is now an important
disease.

The pathological process behind coronary heart disease is the accumulation
of cholesterol rich lipid material in plaques beneath the inner surface of arterial
walls. Fatty streaks in the artery walls start at an early age and the plaques
progressively increase in size. Eventually some reach a size where they bulge into
the vessel lumen and markedly impede the flow of blood. When this type of ob-
struction occurs in a critical artery, such as that supplying blood to the muscle
of the heart, it becomes impossible for flow to increase in response to the extra
demand when physical activity or emotion increases the work of the heart. The
lack of oxygenated blood to the heart muscle causes the typical pain of angina.
Whilst most atheromatous plaques are covered by smooth endothelium, in
others this breaks down exposing the blood to the fatty material inside the
plaque which triggers off the formation of a blood clot. The artery is then com-
pletely blocked by the clot filling the lumen already diminished by plaque. The
blood supply to the muscle beyond the blockage is completely cut off leading to
muscle death. This is the mechanism underlying a myocardial infarction (MI) or
heart attack. Diet has a key role in the aetiology of coronary heart disease. Only
a moderate proportion of circulating cholesterol comes from dietary sources
although there is a very high correlation between the amount of saturated fat
eaten and total concentration of cholesterol in the blood. The seven-countries
study [2] showed a very strong link between the mean consumption of saturat-
ed fat and the development of coronary heart disease in the following 10 years
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
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for 16 closely defined cohorts. Those populations where saturated fat intake was
high also had high rates of coronary disease. Earlier less rigorous studies based
on national food balance sheets or household surveys rather than actual con-
sumption showed negative correlations between the prevalence of CHD and the
amounts of vegetable and flour produced or imported.

Even accepting that diet has a major role in the aetiology of vascular disease
it may be questioned why effort should be expended in discovering the role of
individual dietary supplements rather than that of drugs or changes in diet it-
self. Drugs are often perceived by patients as foreign chemicals unlike the natur-
al connotations of food and there remains a resistance to the taking of drugs
however large the benefit. Although the national diet is slowly changing towards
a model perceived as healthy progress in this direction is painfully slow. In a
population study [3] looking at the willingness of patients to take treatment to
prevent coronary heart disease, 16 % of those approached were unwilling to take
long term drug therapy despite this offering a reduction of one third in CHD
events or mortality without major adverse effects. Dietary supplements are
seen as natural, and if shown to be of benefit, would have the dual advantages of
avoiding both foreign chemicals and the personal effort required for a major
change in long established dietary habits. In counties including the UK where
healthcare is paid for by the government, food supplements also have the ad-
vantage of being paid for by individuals rather than by the government who
pick up the major proportion of the bill for any new drug treatment.

11.2
Evidence

Before considering studies about individual food components it is important to
consider the types of evidence necessary to deduce benefit and safety. Much of
the evidence used to promote food supplements is based on biological plausibi-
lity or on the results of cross-sectional epidemiological or prospective cohort
studies. This contrasts with the emphasis on the randomised controlled trial or
even meta-analyses of such trials as the basis for the use of drugs for the treat-
ment and prevention of disease. Some of this difference in approach may be
due to the vast resources of the pharmaceutical industry based on high profits
sustainable from the sale of monopoly products. Randomised controlled trials
of the type needed to investigate food components are extremely expensive
costing many tens of millions of pounds. Different criteria are used by a doctor
deciding whether to prescribe a drug and a member of the public choosing
whether to purchase a food supplement. Government regulations for food addi-
tives and supplements are quite different from those for drugs. For the latter the
Medicines Control Agency requires evidence of both safety and efficacy. In
nearly every case they will demand evidence of efficacy based on the results of
randomised placebo controlled trials. Even when considering safety the require-
ments differ when considering drugs and food supplements or additives.
Randomised controlled clinical trials do have serious limitations particularly
due to the exclusion of many subjects to whom their results will subsequently be
applied [4]. However they are not subject to the huge range of biases inherent in
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cross-sectional epidemiological and prospective cohort studies [5]. A further
limitation of this type of epidemiological approach to determine the likely be-
nefit of an individual food component is that food is a complex biological matrix
containing a multitude of components. There is often a high correlation between
the nutrient or food component being investigated and other nutrients in the
diet. This makes it difficult to assess the impact of single food components on
health status. Thus it is difficult to change dietary intake of -carotene and folate
independently as both nutrients are found in a number of commonly eaten
foods. The exception to this limitation is the rare occurrence when a high
proportion of the population studied already take supplements of one par-
ticular component.

Biological plausibility alone should never be the basis for a change in dietary
policy. We can not be certain that all the possible pathways bearing upon a par-
ticular problem are fully understood. It is embarrassing to recall the effects
of early diets for patients with diabetes which were based on our limited under-
standing of the disease [6]. In these diets carbohydrates were replaced by fat
resulting in a massive increase in total blood cholesterol concentration in a po-
pulation already at high risk of vascular disease due to low concentrations of the
protective high density lipoprotein (HDL) cholesterol. In the past less stringent
standards were required before recommending changes in lifestyle following the
somewhat cynical argument that whilst such changes were unlikely to be of
major benefit they were also unlikely to be the source of major harm. This over-
looks not only the possibility of direct harm, especially when individual food
component are used at higher than normal dose, but also the financial and
psychological cost to the individual consequent upon a change in lifestyle. There
is also the possibility that in following such change members of the public might
neglect seeking medical advice which, for some people, might be to take drug
treatment capable of achieving a much greater benefit.

11.3
Early Attempts at Dietary Modification to Prevent CHD

The initial emphasis on dietary modification to prevent CHD was placed on
taking constituents out of the diet [7], particularly saturated fats. This approach
was not found to be uniformly effective and whilst some individual studies [8]
showed a reduction in sudden death due to CHD, benefit from this type of
dietary change was not universal [9]. The explanation for this may be found in
the poor response of total cholesterol in the blood to restriction of saturated fat
and cholesterol in the diet of free living subjects. Short term metabolic ward
studies [10] of diets with reduced total fat intake, restricted cholesterol, and an
increase in the ratio of polyunsaturated to saturated fat showed a dramatic res-
ponse in total blood cholesterol concentration. This was not seen when the same
diets were used in larger longer term studies in free living individuals [11]. It is
not known whether this discrepancy in the effect of low fat diets is due to any
response being transient or to the difficulty experienced by many participants
in adhering to the diet when alternative sources of food were freely available.
Many commentators have invoked poor compliance as the most likely explana-
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tion, suggesting that increased efforts in patient education might overcome the
problem. However huge resources, far greater than might be available in routine
practice, were used in the Multiple Risk Factor Intervention Trial [12] (MRFIT)
and yet the response in blood cholesterol concentration remained small. En-
thusiasts for such diets overlook the fact that poor compliance is as much a com-
ment on the long term palatability of the diet as it is on the commitment of the
trial participants. The other issue often raised when considering the practical
implications of these findings is that of responders and non-responders. Many
doctors and dieticians claim to have patients who achieve substantial falls in
blood cholesterol concentrations in response to a low saturated fat diet. They
suggest that a trial of diet is worthwhile as responders would benefit and may
avoid the need for drug treatment. However if some subjects benefit from large
falls in total cholesterol and yet the mean response for all advised to take the diet
is close to zero then logically other patients must respond to the diet with an
increase in total cholesterol and be at greater risk of CHD. No thought has been
given as to how any harm caused to these subjects might be reversed.

11.4
The Diet Trials

A rational approach to dietary change to prevent CHD in countries where the
risk is high would be to introduce diets similar to those taken in countries where
the incidence of CHD is low. One such diet studied is called the ‘Mediterranean
diet’ as it is based on the diet consumed by the Cretan people living around the
western Mediterranean.

In the Lyon Diet Heart Study [13] patients less than 70 years of age of either
sex, recovering from a myocardial infarction within the previous 6 months were
allocated either to standard hospital dietetic advice or to advice and assistance
to follow a Mediterranean style diet including more bread, more root and green
vegetables, more fish, less meat, fruit taken every day and butter replaced by
margarine. The study was stopped early following an interim analysis as both
cardiac and overall mortality were found to be 70% lower in the group of pa-
tients receiving the Mediterranean style diet. A study with a similar dietary
modification [14] was reported for Indian men who were recovering from a
recent myocardial infarction. In this study one group was advised to take the
standard Step 1 diet of the American Heart Association. This low fat diet is a low
cholesterol, reduced saturated fat diet. The comparator group received the same
advice to follow the Step 1 diet but in addition were advised to increase their
intake of fruit, vegetables, nuts and grain products. After three years subjects
receiving the additional advice, especially those who had lost weight, had bene-
fited with lower rates of non-fatal myocardial infarction and overall mortality.
Both these diet studies can be criticised as control and intervention groups
received differing amounts of support and attention during follow-up, mainly to
avoid them comparing notes. However it is of note that neither of the control
groups adhered to the dietary advice given at the outset, as well as the interven-
tion group. Also increased supervision provides non-specific support which has
been shown in other studies to be beneficial in patients post ML
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Furthermore, in the Lyon study differences between groups were not limited
to the dietary advice. Patients in the intervention group were provided with free
supplies of a special rapeseed oil based margarine to replace the butter and
cream normally part of their diet. This margarine had a similar fatty acid com-
position to olive oil but was slightly more rich in linoleic acid and a-linolenic
acid. Thus the intervention tested was not simply that of adhering to a Mediter-
ranean diet. Nevertheless the findings of these two similar studies would sup-
port the concept that some dietary modification produces benefit in subjects
with pre-existing CHD.

11.4.1
Fish

A number of studies have looked at the association between fish consumption
and the prevalence of coronary heart disease. We performed a structured over-
view [15] of these studies in 1998 and found an inconsistency amongst the pros-
pective epidemiological studies. The control group in the MRFIT, the Western
Electric [16] and Zutphen [17] studies all showed a significant inverse relation-
ship between the consumption of oily fish and the subsequent risk of death from
CHD. A similar but non-significant trend was evident in the 14 year follow-up
data for Swedish men and women [18] and a case control study [19] of Italian
men came to the same conclusion. However studies similar in size and duration
of follow-up have failed to show any protective effect of fish consumption. The
Health Professional follow-up study, the 4 year follow-up data from the Physi-
cians Health Study [20], 14 year prospective data for Norwegian men and 12 year
follow-up data for Japanese men in Honolulu [21] all failed to show any associa-
tion. These apparently contradictory findings can best be explained by method-
ological flaws in some studies with lack of adjustment for other cardiovascular
risk factors. In addition whilst the estimates of fish consumption were based on
that at the time of initial screening, many of the men increased fish consump-
tion during follow-up. This would weaken any observed link between fish con-
sumption and difference in the rates of subsequent CHD. Finally it is possible
that there is a threshold relationship in which a protective effect of oily fish con-
sumption is only seen in populations whose usual diet contains little oily fish.
In the absence of clear consistent evidence from the epidemiological studies
we are dependent upon the results of intervention studies for our conclusions
about the role of oily fish in preventing CHD. No primary prevention studies of
increased consumption of oily fish or fish oil supplements in people free of vas-
cular disease have been published. Of the studies in secondary prevention only
the Diet and Reinfarction Trial (DART) [22] is truly satisfactory, the others are
far too small or methodologically flawed. In this trial men who had already
suffered a myocardial infarction were allocated either to a control group or in-
tervention groups receiving advice to increase fibre, reduce fat or increase con-
sumption of oily fish in a factorial design. Thus some were advised to increase
fibre alone, some to reduce fat and a third group to eat more oily fish whilst other
groups received advice about two foodstuffs in combination and one group
received advice about all three dietary modifications. The men in the groups
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randomised to receive advice about increasing their intake of oily fish consumed
an average of 43 g more oily fish per day than those groups not receiving this
advice. After two years they had a 29% lower all cause mortality mainly due to a
reduction in CHD deaths.

All the studies considered so far have investigated oily fish consumption as
part of the diet rather than as fish oil supplements. Eating fish as part of a meal
could have a beneficial effect simply by replacing other more harmful food
sources. Until recently we had relatively little information about the effect of the
addition of fish oil as a supplement. The investigators of the DART study [22] did
provide information about the results in a subgroup of men who were unable
to tolerate the oily fish and were therefore given fish oil capsules. Whilst the
findings are consistent with those of the principal analysis for all subjects the
men receiving the fish oil capsules were not randomised into this category but
received the capsules only because of their inability to eat sufficient oily fish.
This analysis must therefore be interpreted with caution. Recently however the
Italian GISSI' prevention trial has reported its investigation of the use of fish
oil supplements [23]. This again was another factorial design study in men
recovering from a myocardial infarction. The other intervention in this study
was that of supplementing the diet with vitamin E. Rather than being encouraged
to eat oily fish, men in the fish oil study limbs were supplied with capsules
containing an average of 865 mg n-3 polyunsaturated fatty acids (PUFA) to take
daily. Men receiving these capsules benefited after 3.5 years by a 10% reduction
in the primary endpoint of death, non-fatal myocardial infarction or non-fatal
stroke. Of particular note was that this benefit, although smaller than expected,
was achieved on a background of modern drug treatment for the prevention of
recurrent CHD.

11.4.2
Nuts

The Indian post-MI trial [24] demonstrated benefit from a diet which included
a switch to consumption of nut oil both as whole nuts and through the use of
ground nut oil. Superficially nuts might be thought an unlikely nutrient to help
prevent vascular disease. Their fat content is high and in animal studies peanuts
have been seen as atherogenic [25]. However a large cohort study of Adventists
[26] suggested that cardiac mortality was much lower in those subjects who ate
more than 5 helpings of nuts per week. In this study Californian Adventist
families were contacted in the 1970 s and asked to complete a validated food fre-
quency questionnaire. People who participated were contacted each year after-
wards to detect new cases of CHD. This population is particularly convenient as
religious strictures on smoking and alcohol consumption limit heterogeneity
and the possibility of bias due to confounding of nut intake with other risk fac-
tors. Those participants who ate nuts more than 4 times each week experienced
48% fewer fatal CHD events and 51% fewer non-fatal MIs during follow-up.

' Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico.
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Table 1. Intervention trials of fish oil supplements or advice
to eat more oily fish - effect on cardiovascular mortality and
non-fatal M1

Study Relative risk Confidence interval
DART 0.65 0.48-0.87
GISSI 0.83 0.70-0.97
Overall 0.78 0.68-0.90

Data from the massive US Nurses Health study [27],a prospective observational
study, also points to a protective effect conferred by nut consumption. In this
study of women’s health, food questionnaires were sent out in 1980, 1984, 1986
and 1990 to women on a register of qualified nurses. Participants were then
contacted every two years to detect new cases of coronary heart disease. Deaths
were detected either by family reporting or via the National Death Index. Com-
pared with women who almost never ate nuts, those who had nuts once each
week had a 26 % lower risk of developing CHD and in those who ate nuts 2-4
times each week the risk was 44 % lower. Unfortunately nut consumption corre-
lated with less smoking, a better family history of premature ischaemic heart
disease, more hormone replacement therapy (HRT) use, greater vigorous exer-
cise and a higher dietary intake of polyunsaturated fat. It is only after ‘correction’
for these possible confounding factors that the true effect of nut consumption
could possibly be tested. There remains the concern that there are possible un-
recognised confounders not taken into account or even that the correction is not
robust.

Whilst nuts do contain a high proportion of fats much of this is polyunsatu-
rated with a lower content of saturated fat. Certain nuts such as walnuts have a
particularly high content of the polyunsaturated fatty acid a-linolenic acid and
a short term experimental study [28] showed that a diet supplemented by 84 g of
walnuts per day produced a favourable change in the lipid profile with a fall in
low density lipoprotein (LDL) and, despite a small fall in HDL cholesterol, a sig-
nificant reduction in the LDL:HDL ratio. The lipid content of other nuts is
slightly less attractive and as noted above nuts such as peanuts have been seen
as atherogenic. However in the Nurses Health study the trend for lower isch-
aemic heart disease persisted, albeit attenuated, when the analysis was limited
to peanut consumption.

11.4.3
Fibre

Dietary fibre intake has also been shown to be inversely related to the risk of de-
veloping coronary heart disease in the prospectively investigated US health
professionals cohort [29]. This relationship persisted even when corrected for
non-dietary risk factors for vascular disease, dietary saturated fat, vitamin E,
total energy intake and alcohol consumption. The dietary source of fibre most
strongly linked to reduced risk of MI was that derived from cereal as opposed to



164 11 Dietary Supplements and their Role in the Prevention

fibre from vegetable and fruit sources. The gradient of the association would
suggest that a 10 g increase in cereal fibre per day relates to a decrease in the risk
of subsequent myocardial infarction by as much as 19%.

One of the limbs of the DART study [22] rarely mentioned is that inves-
tigating the effect of advice to increase dietary fibre. Whilst men given advice to
increase their intake of oily fish did gain some benefit those advised to increase
their intake of dietary fibre showed no reduction in the rate of recurrence of vas-
cular events. If anything subjects taking larger amounts of fibre had a small but
non-significant increase in the rate of further events.

11.5
Homocysteine

Classical homocystinuria is a rare inherited disease caused by homozygous de-
ficiency of cystathionine B-synthase a key enzyme for homocysteine degrada-
tion [30]. These patients have very high blood concentrations of homocysteine
and suffer from a number of defects including dislocation of the lens of the eye,
intellectual handicap and skeletal deformities. In addition they have a high risk
of vascular disease such that by the age of 30 the majority have sustained an ar-
terial vascular event. In the 1970s it was grasped that homocysteine concentra-
tions much lower than those seen in classical homocystinuria but still above
average might be associated with premature vascular disease. In 1976 Wilcken
[31] studied patients undergoing angiography for the investigation of possible
CHD and found that patients with demonstrable disease were much more likely
to have a high level of homocysteine in response to an oral methionine load
when compared with subjects with normal coronary arteries or healthy con-
trols. Subsequently several cross-sectional epidemiological studies have shown
a negative correlation between plasma homocysteine concentrations and coro-
nary heart disease. The interpretation of these studies is made difficult as blood
homocysteine concentrations tend to rise after any vascular event. Prospective
studies have been much less consistent. Perhaps longer studies investigating
patients at very high risk of CHD have been more likely to show a positive rela-
tionship between blood homocysteine concentrations and the development of
vascular disease. Any epidemiological study is however complicated because the
blood concentration of homocysteine is also highly correlated with other strong
risk factors for vascular disease such as high blood pressure and diabetes.
Thus any deficiency in the measurement of the traditional risk factor such as
a variable assay, a limited range of values, or deficiencies in the statistical
model such as non-linearity might falsely suggest a causal role for homo-
cysteine. Further indirect evidence for a role of homocysteine in the develop-
ment of vascular disease comes from studies investigating the association
between the risk of vascular disease and a common polymorphism of the
enzyme methylenetetrahydrofolate reductase (MTHFR) and between vitamin Bg
intake and heart disease. The enzyme MTHER is key in the remethylation of
homocysteine to methionine in tissues outside the liver and vitamin Bg is an
essential cofactor in this pathway. There is a common polymorphism of the
enzyme MTHER for which 10-13 % of white populations are heterozygotes and
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in them the concentration of homocysteine is moderately elevated. An early
study [32] suggested that heterozygotes for this polymorphism were at increa-
sed risk of vascular disease although it has proved difficult to replicate this fin-
ding in all subsequent studies [33]. Vitamin B¢ was also investigated as one of the
nutritional factors in the US Nurses Health study [34]. Those with the highest
quintile of vitamin B4 intake were 30% less likely to report a subsequent coro-
nary event when compared with women in the lowest quintile.

The population importance of homocysteine is that high concentrations are
seen in subjects with low intakes of folic acid and vitamins Bg and By,. If
homocysteine truly is a powerful risk factor for vascular disease its inverse link
with these nutrients might explain the protective effect of diets with large amo-
unts of fruit and vegetables.

With the inconsistencies of the epidemiological data we are again having
to await the outcome of the many intervention studies looking at the effect of
folate or vitamin B supplements on the risk of vascular disease. Biood concen-
trations of homocysteine fall in response to supplements of vitamins B¢, B}, or
folic acid. In a meta-analysis [35] of the 12 short term randomised controlled
trials of folic acid it was shown that a range of doses (0.5 mg - 5 mg per day)
produced a 25% fall in the blood concentration of homocysteine. The fall was if
anything greater in those with the highest concentrations of homocysteine or
lowest folate intakes at baseline. Addition of vitamin B,, but not vitamin B¢ was
associated with a small but statistically significant further decline. There are
some data [36] to suggest that in patients with classical homocystinuria supple-
mentation with folic acid and vitamins B,; and B¢ does reduce the incidence of
cardiovascular disease. In the wider population the effects of relative folate
deficiency may already be addressed to a limited degree by the progressive
increase in the level of supplementation of foodstuffs with folate. The motiva-
tion for this is to prevent neural tube defects rather than avoiding vascular
disease. Further investigation of the role of homocysteine is however of value
as the dose of folate required to suppress homocysteine is probably much
higher than that required to reduce the risk of neural tube defects. Folate sup-
plementation is not without some possible risk and the increase in supplements
to prevent neural tube defect has been strenuously resisted in the past. The
concern is that patients with borderline vitamin B,, deficiency receiving folate
supplements may go on to suffer the neurological sequelae of vitamin B;, de-
ficiency, with subacute combined degeneration of the spinal cord, whilst the
more easily recognised haematological presentation with anaemia is masked by
the folate.

11.6
Antioxidants

In 1989 Steinberg [37] proposed the hypothesis that oxidised LDL had a pivotal
role in the pathogenesis of atherosclerosis. This form of LDL but not native LDL
is actively scavenged by macrophages which then transform into foam cells,
the precursor to atheromatous lesions in arterial walls. Oxidised LDL is also a
strong attractant to macrophages and is able to stimulate the release of growth
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factors which may contribute to its role in the development of atherosclerotic
lesions.

There is considerable indirect evidence that oxidation of LDL may be impor-
tant in promoting atherosclerosis. It is now known that the oxidation of LDL
takes place in vivo [38]. In animal models of atherosclerosis caused by hypercho-
lesterolaemia antioxidant drugs prevent the oxidation of LDL and delay the de-
velopment of atheromatous lesions. There are a number of naturally occurring
antioxidants in food especially fB-carotene and vitamins C and E. It is therefore
important to ascertain whether these should be used either to increase the sup-
ply in those with small amounts in their normal diet or used in supraphysiologi-
cal doses to reduce the risk of CHD in people with a normal dietary intake.

11.6.1
Vitamin C

The most important antioxidant in terms of amount in the normal diet is vita-
min C. A number of studies have looked at the association between vitamin C
intake and the risk of developing CHD. Unfortunately these show inconsistent
results. A large prospective epidemiological study in Finnish men and women
[39] suggested that a high intake of vitamin C was associated with a reduced risk
of death from CHD in women but not men. Similarly in separate observational
studies in American men and women high intakes of vitamin C appeared to
benefit only women [40,41]. A third American cohort study suggested that car-
diovascular mortality was reduced in both sexes by vitamin C [42].In the UK a
cohort of subjects [43] free of vascular disease were invited by the Department
of Health and Social Security in 1973 and 1974 to complete a 7 day food diary
and the 20 year follow-up data for these people are now available. Even following
adjustment for other known risk factors for vascular disease the risk of stroke in
those with the highest intake of vitamin C was only half that of subjects with the
lowest intake. Concentrations of ascorbic acid in the blood had a similar predic-
tive value. Interestingly there was no suggestion of a lower rate of CHD in those
with high vitamin C intakes.

Intervention studies with vitamin C have been even less encouraging al-
though they are limited in number, small, and of short duration. The common
endpoint reported for all studies was of overall mortality and a recent meta-
analysis by Ness and colleagues [44] showed no evidence of benefit.

11.6.2
B-carotene

This antioxidant is abundant in fruit and vegetables and any protective effect
might explain the apparent negative correlation between diets rich in these foods
and the incidence of CHD. Jha and colleagues [45] recently reviewed the obser-
vational data relating to -carotene and coronary disease. Taking all six observa-
tional studies together, there appeared to be a significant relative risk reduction
when those with the highest intake or plasma concentration of -carotene were
compared with those with a low intake or plasma concentration. However indi-
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vidual observational studies comparing either subjects with low or high B-caro-
tene intake have not consistently shown a protective effect. In two large Finnish
studies only male smokers benefited by a 60% reduction in coronary events.

The results of the intervention studies of B-carotene have been uniformly
disappointing. The primary aim of many of these studies was to investigate the
effect of f-carotene supplements on protection against malignant disease. There-
fore subjects with known risk factors for cancer, smokers and those exposed to
asbestos, were included. Nevertheless data about the cardiovascular outcomes
were also collected. These showed either no benefit or even a small detrimental
effect of B-carotene supplementation. Davey-Smith and colleagues have perfor-
med a meta-analysis [46] of all these intervention studies which showed a small
but statistically significant increase in the risk of cardiovascular death in par-
ticipants who received -carotene supplements.

11.6.3
Vitamin E

If anything vitamin E has been investigated more thoroughly than any other nu-
trient and the results of the observational studies show a consistent benefit in a
reduction in vascular disease. Four very large prospective studies {47 -50] with
prolonged follow-up have been reported all of subjects free of vascular disease
at the outset. Of note is that the two largest studies, including an analysis of US
Nurses Health study showed only benefit in those subjects who used vitamin E
supplements and only after these had been taken for more than two years. When
subjects taking vitamin E supplements were excluded from these analyses there
was no gradient of risk with intake. Thus if vitamin E is effective in protecting
against coronary disease it needs to be taken in supraphysiological doses.

A number of interventional studies with vitamin E have been performed
whilst others are ongoing or are about to be reported. The results so far are
conflicting. Some [51-53], including the a-Tocopherol, S-Carotene Cancer
Prevention Study (ATBC) used low doses and as might be predicted from the
results of the observational studies, produced no significant effect on CHD of
either benefit or harm. In contrast the Cambridge Heart Antioxidant Study
(CHAOS) study [54] reported a 68% reduction in non-fatal MI in East Anglian
men with radiologically confirmed coronary heart disease in response to vita-

Table 2. Intervention trials of B-carotene supplements - effect
on cardiovascular mortality

Study Relativerisk ~ Confidence
interval
Finnish male smokers 1.11 1.01-1.23
Smokers & asbestos workers 1.20 0.98-1.45
Skin cancer patients 1.09 0.93-1.27
US doctors 1.15 0.80-1.65

Overall 1.13 1.04-1.23
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min E supplements of either 400 IU or 800 IU per day. However both total and
cardiovascular mortality were increased but this was neither analysed nor men-
tioned in the paper. This trial was also criticised because of the change in the
dose of vitamin E used part way through the study, the imbalance of the groups,
the incomplete follow-up. In the GISSI prevention [23] study Italian men who
had recently suffered a heart attack supplements of vitamin E were studied
along with added n-3 PUFA in a factorial design. Thus one group received vita-
min E alone, one PUFA alone, one both supplements and one neither. As discus-
sed above the groups receiving fish oil gained some benefit. Men randomised to
receive vitamin E at a dose of 300 mg per day gained no significant benefit. If
anything in this study there was a trend towards a reduction in CHD mortality
rather than non-fatal MI in contrast to the findings in the CHAOS study. The
most recent controlled clinical trial investigating supplements of vitamin E
to complete is the Heart Outcomes Prevention Evaluation study [55] (HOPE)
which was also of a factorial design. In this trial the ACE inhibitor ramipril and
vitamin E supplements at a dose of 400 IU per day were compared with placebo
in men at high risk of CHD events due either to a history of previous CHD, stroke
or peripheral vascular disease or diabetes plus one other risk factor such as high
blood pressure, adverse cholesterol profile, smoking or microalbuminuria. The
study reported no significant benefit in those men who received vitamin E sup-
plements. Indeed if anything there was a fractional increase in the primary end-
point of MI, stroke, or cardiovascular death.

The reason for this discrepancy between observational studies and interven-
tion studies is unclear. It might be because of the doses of supplement used or
due to the inclusion of subjects who already had established vascular disease.
Alternatively it might suggest that the observational studies results are due
mainly to confounding.

It is tempting to suggest that as the antioxidant vitamins studied are part of
our natural diet there is little to be lost by encouraging people to take supple-
ments on the basis of the epidemiological studies alone. However the only strong
evidence of a beneficial effect on CHD from these is for high doses of vitamin E.
As Steinberg, the original proponent of the oxidised LDL hypothesis, points out

Table 3. Intervention trials of vitamin E supplements - effect
on cardiovascular mortality and non-fatal MI

Study Relative risk ~ Confidence interval
ATBC”® primary 0.97 0.86-1.11
ATBC angina 1.01 0.72-1.42
ATBC previous MI 0.92 0.67-1.28
CHAOS 0.58 0.39-0.87
GISSI 1.01 0.89-1.14
HOPE 1.06 0.95-1.19
Overall 1.00 0.94-1.07

* a-Tocopherol, [-Carotene Cancer Prevention Study

(ATBC).
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[56] the safety of high doses of such antioxidant supplements in the long term is
unproven. Indeed there are some preliminary data to suggest that high doses of
vitamin E may increase the risk of haemorrahgic stroke.

11.7
Alcohol

One food to which there would be little resistance if it were advised as a supple-
ment to avoid CHD is alcohol. Early cross-sectional studies showed a relations-
hip between alcohol consumption and total mortality which was not monotonic
[57]. Risk of vascular disease, particularly stroke, was certainly increased in
people with a high alcohol consumption but there was also a slight excess of risk
in those who were teetotal when compared with subjects who drank small
amounts of alcohol. This apparent protective effect was initially thought due to an
effect of wine consumption and would have been compatible with the oxidised
LDL hypothesis as red wine is rich in antioxidant flavanoids. However subse-
quent analyses have confirmed lower risk associated with the consumption of
small amounts of alcohol independent of the type of alcoholic beverage taken
[58]. The mechanisms behind any possible benefit of alcohol are unclear. Cer-
tainly there is an association between alcohol consumption and increased con-
centrations of HDL cholesterol. There may also be a beneficial effect on clotting
factors. Larger amounts of alcohol have certainly been associated with harmful
effects on vascular health. Even moderate drinking is associated with an eleva-
tion in blood pressure and experimental studies show that this rise occurs soon
after drinking contrary to previous expectations. There is also an independent
association between binge drinking and stroke. The benefit of drinking wine
was thought to explain the lower incidence of CHD in France compared with the
UK despite the similarity of other CHD risk factors. This ‘French paradox’ has
more recently been explained [59] by a much lower intake of saturated fat intake
in France until recent years which, along with the long incubation time for
vascular disease, might explain the observed difference in the rates of CHD.
However the only data suggesting a benefit from alcohol consumption are those
from observational studies and these almost universally from the investigation
of older people. The evidence for benefit in early and middle adult life is mini-
mal. Even if alcohol in low doses does protect against vascular disease this
benefit will have to be carefully weighed against the clear increase in morbid-
ity and mortality from cancers, cirrhosis and accidents with increasing con-
sumption.

11.8
Plant Sterols and Stanols

One of the food industries most recent products aimed at improving health
is cholesterol lowering margarine. Such products are based on plant derived
sterols and work by blocking the absorption of dietary cholesterol from the
gastrointestinal tract. As the sterols and stanols themselves are largely unab-
sorbed they are assumed to have a low potential for toxicity. There can be little
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doubt that such products are effective in lowering the cholesterol concentration
in the blood. Short term studies [60] in volunteers demonstrated that 1.8 g or
2.6 g of sitostanol per day caused a 10.2 % fall in total cholesterol over 12 months.
This was associated with no serious adverse effects and was well tolerated by the
volunteers in the study. However concerns have been voiced about possible
phyto-oestrogenic activity of plant sterols and whether their immune modu-
lating activity could be of any clinical significance. Safety is of paramount im-
portance when such products could be taken by a significant proportion of the
population over a very long period of time. Furthermore if the antioxidant vita-
mins do have any role in cardioprotection the benefit from reduced cholesterol
produced by these food products must be weighed against any possible adverse
effect secondary to reduced absorption of vitamins A, E and B-carotene. Being
food supplements or additives the toxicity testing of plant sterols and stanols is
quite different from that required of new drugs and being available for general
sale there is no need to convince a sceptical medical profession. Earlier drug
treatments shown to reduce cholesterol were associated with a significant in-
crease in non-coronary morbidity and mortality which outweighed any benefit
from reduced coronary disease. The more recently introduced HMG Co-A re-
ductase inhibitors were only widely adopted in the UK when randomised con-
trolled trials demonstrated a beneficial effect on overall mortality.

119
Conclusion

The overall picture of research into nutritional factors and their role in pro-
tecting against CHD is overwhelmingly one of highly suggestive observational
studies followed by interventional studies which show no or even harmful
effects. This has led some, perhaps because they are convinced by the indirect
evidence, to question the utility of randomised controlled trials to answer
questions relating to food supplements. Observational studies are, even when
performed rigorously and incorporating all known safeguards, still open to
confounding with some as yet unknown powerful risk factor. Randomised con-
trolled trials in contrast are far less prone to bias and are unlikely, especially if
repeatedly positive, to generate false positive results. Their problem is that they
are performed in a tightly defined group of people quite different from those
who might eventually select to take a food supplement. The question here is
whether it is safe to extrapolate to groups other than those included in the
trials. The duration of intervention studies might be considered too short to
demonstrate the beneficial effects of supplements seen in much longer pros-
pective observational studies. Certainly most clinical trials only investigate
the effects of treatments over periods of 4-8 years whilst the development of
atherosclerotic lesions takes many years. However the beneficial effects of a
number of drugs or nutrients such as n - 3 PUFAs have been confirmed by ran-
domised controlled trials of this duration. It is of course possible that patients
need to be exposed to some protective mechanisms for longer to receive bene-
fit. Certainly the benefits of vitamin E seen in epidemiological studies were
limited to subjects taking supplements for 2 years or longer with the greatest
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benefit been seen with very long exposures. The other difference between the
observational and interventional studies has been the tendency to investigate
people free of disease in the observational studies but those who already had
established disease in the intervention studies. Once the disease is established
the ability of food supplements to reverse the process could be limited. How-
ever this would contrast with the findings when new drugs are investigated that
patients with established disease benefit to a much greater extent than those
free of disease. This is because they are at greater risk of recurrence before
treatment.

Using similar standards for evidence of benefit as those used for new drugs
disappointingly few food supplements can be wholeheartedly endorsed as defi-
nitely reducing the risk of coronary heart disease. Clearly a change in diet from
a standard Western diet to one with a reduced amount of saturated fat and a
much greater proportion of fruit vegetables and nuts has an effect on the recur-
rence of further vascular events. However the individual components of such
diets responsible for this benefit have yet to be isolated. Further progress is likely
to be slow because the work involved in testing each individual factor is im-
mense and costly. Any profits from the sale of food supplements is likely to
be less than that from a drug of comparable effect because the lack of a patent
makes exclusivity difficult and future profits smaller. Thus it is unlikely that the
food industry alone will fund the necessary interventional research and govern-
mental agencies have other priorities. It might be argued from the public health
viewpoint that more could be gained by concentrating resources on educating
the general population about the benefits of moving towards an overall ‘healthy
diet’. This avoids the need to ensure the safety of dietary components used at
supraphysiological doses.
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12 The Scientific Basis for Fish Oil Supplementation
in Rheumatoid Arthritis

Philip Calder

12.1
Introduction

Fish oil capsules are widely available in pharmacies, in supermarkets and by
mail order. Many claims have been made about the “health giving” properties of
such oils and there are articles and advertisements featuring them, appearing
regularly in the popular press. They are often marketed as being “beneficial for
arthritis”, although it is probably not clear to the consumer why that should be.
This chapter aims to present the scientific basis for the action of fish oils in
rheumatoid arthritis and to give an overview of the evidence for benefits of fish
oil in this disease. In order to do this it will be necessary to describe the amount
and types of fat in the human diet, the components of the immune system and
how they function to protect the host from infectious agents, and the immune
dysfunction which occurs in rheumatoid arthritis.

12.2
Fatty Acids in the Human Diet

In Western countries an adult eats on average 75 to 150 g of fat each day and
fat contributes 35 to 45% of dietary energy. By far the most important compo-
nent of dietary fat in quantitative terms is triacylglycerol, which in the United
Kingdom diet constitutes >95% of dietary fat [1]. Other components of dietary
fat include phospholipids, glycolipids, sterols and their esters and fat-soluble
vitamins. Each triacylglycerol molecule is composed of three fatty acids esteri-
fied to a glycerol backbone; phospholipids, glycolipids and sterol esters also
include fatty acids in their structure. Thus, fatty acids are a major constituent
of dietary fat. Because of the range of foodstuffs consumed, the human diet
contains a variety of fatty acids. Each fatty acid is a hydrocarbon chain of alter-
nating -CH,- units with a methyl group at one end and a carboxyl group at
the other; it is the carboxyl group which is esterified to the glycerol backbone
in triacylglycerols, phospholipids and glycolipids and to cholesterol in choles-
terol esters. The most abundant fatty acids have straight chains of an even
number of carbon atoms. The chain lengths vary from 4 in milk to 30 in some
fish oils. Fatty acids may contain double bonds; these are then termed unsatu-
rated fatty acids, as opposed to saturated fatty acids which do not contain any
double bonds. The structure of some saturated and unsaturated fatty acids is
J. K. Ransley et al.(eds.), Food and Nutritional Supplements
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Methyl end Carboxyl end
H3C
AV VA VAVAVAVAVAVAN Stearic acid
COOH 18:0
H3C 9 COOH

— Oleic acid
\/\/\/\/_\/\/\/\/ 18:1n-9

H3C
MWCOOH Linoleic acid
18:2n-6
HC_ 3 . . COOH
\/ \/ \/ \/\/\/\/ a-Linolenic acid
18:3n-3

Mammals cannot insert doubled bonds in here

Fig. 1. The structure of a series of 18-carbon fatty acids. The position of insertion of double
bonds is indicated, as is the basis for the n- nomenclature. Linoleic and a-linolenic acids can-
not be synthesised in mammals because they cannot insert double bonds in the n-6 or n-3
positions

shown in Fig. 1. The number and position of the double bonds differs among
different unsaturated fatty acids; if there are two or more double bonds the
fatty acid is termed polyunsaturated. Most double bonds are in the cis form,
although trans double bonds can be introduced through hydrogenation pro-
cesses which may be natural (e.g. in the rumen of cattle) or part of the indu-
strial processing of fats. It is the nature of the constituent fatty acids (their
chain length and degree of unsaturation) which gives a fat its physical prop-
erties, specifically determining the temperature at which the fat will melt.
Thus, fats which contain a high proportion of saturated fatty acids are often
solid at room temperature (e.g. lard, butter) while fats which contain a high
proportion of polyunsaturated fatty acids are liquid at room temperature (e.g.
corn oil, sunflower oil).

Fatty acids have systematic names but most also have common names and are
described by a shorthand nomenclature (Table 1). This nomenclature indicates
the number of carbon atoms in the chain, the number of double bonds in the
chain and the position of the first double bond from the methyl terminus of the
chain (see Fig. 1). There are “rules” regarding the position of double bonds in un-
saturated fatty acids; these are determined by the specificity of the enzymes
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Table 1. Fatty acid nomenclature and sources

Systematic name  Trivial name  Shorthand  Sources

notation

Decanoic Capric 10:0 de novo synthesis; coconut oil

Dodecanoic Lauric 12:0 de novo synthesis; coconut oil

Tetradecanoic Myrsitic 14:0 de novo synthesis; milk

Hexadecanoic Palmitic 16:0 de novo synthesis; milk; eggs; animal
fats; meat; cocoa butter; palm oil (other
vegetable oils contain lesser amounts);
fish oils

Octadecanoic Stearic 18:0 de novo synthesis; milk; eggs; animal
fats; meat; cocoa butter

9-Hexadecenoic Palmitoleic 16:1n-7 Desaturation of palmitic acid; fish oils

9-Octadecenoic Oleic 18:1n-9 Desaturation of stearic acid; milk; eggs;
animal fats; meat; cocoa butter; most
vegetable oils, especially olive oil

9,12- Linoleic 18:2n-6 Cannot be synthesised in mammals;

Octadecadienoic some milks; eggs; animal fats; meat;
most vegetable oils, especially corn,
sunflower, safflower and soybean oils;
green leaves

9,12,15- a-Linolenic 18:3n-3 Cannot be synthesised in mammals;

Octadecatrienoic green leaves; some vegetable oils
especially rapeseed, soybean and
linseed oils

6-9,12- y-Linolenic 18:3n-6 Synthesised from linoleic acid; borage

Octadecatrienoic and evening primrose oils

11,14,17- Mead 20:3n-9 Synthesised from oleic acid; indicator

Eicosatrienoic of essential fatty acid deficiency

8,11,14- Dihomo-y- 20:3n-6 Synthesised from y-linolenic acid

Eicosatrienoic linolenic

5,8,11,14- Arachidonic 20:4n-6 Synthesised from linoleic acid via

Eicosatetraenoic y-linolenic and dihomo-y-linolenic
acids; meat

5,8,11,14,17- Eicosapen- 20:5n-3 Synthesised from a-linolenic acid;

Eicosapentaenoic  taenoic fish oils

4,7,10,13,16,19- Docosahexa-  22:6n-3 Synthesised from a-linolenic acid via

Docosahexaenoic  enoic eicosapentaenoic acid; fish oils

which insert those bonds into the hydrocarbon chain. It is the position of the
first double bond in the hydrocarbon chain which is indicated by the n-7, n-9,
n-6 or n-3 part of the shorthand notation for a fatty acid. Thus, an n-6 fatty acid
has the first double bond on carbon number 6 counted from the methyl termi-
nus and an n-3 fatty acid has the first double bond on carbon number 3 counted
from the methyl terminus (see Fig. 1). Note that the n- notation is sometimes re-
ferred to as - or omega-.
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Saturated fatty acids and most monounsaturated fatty acids can be made in
mammalian tissues from non-fat precursors like glucose or amino acids, but this
does not usually occur in humans eating a Western diet since the consumption
of fat in general, and of saturated and monounsaturated fatty acids in particular,
is high. However, mammals cannot insert double bonds before carbon number
9 in oleic acid. Thus, mammals cannot convert oleic acid (18:11-9) into linoleic
acid (18:2n-6). The enzyme which does this conversion is called A'*-desaturase
and this is found only in plants. Likewise, mammals cannot convert linoleic acid
into a-linolenic acid (18:3n-3). The enzyme which does this is called AP-de-
saturase and again this is found only in plants. Because these two fatty acids can-
not be made by mammals they are termed essential fatty acids. Also because
mammalian tissues do not contain the A"-desaturase they cannot interconvert
n-6 and n-3 fatty acids. Plant tissues and plant oils tend to be rich sources of
linoleic and a-linolenic acids. For example, linoleic acid contributes over 50%
and often up to 80% of the fatty acids found in corn, sunflower, safflower and
soybean oils. Rapeseed and soybean oils are also good sources of a-linolenic
acid since this fatty acid contributes between 5 and 15% of the fatty acids pre-
sent. However, the richest source of a-linolenic acid is linseed oil. a-linolenic
acid contributes up to 60% of the fatty acids in linseed oil. In North America
linseed oil is known as flaxseed oil. The major fatty acids in the diet of adults in
the United Kingdom are medium and long chain saturated fatty acids, especially
myristic, palmitic and stearic, the monounsaturated fatty acid oleic, and the
polyunsaturated fatty acids linoleic and a-linolenic. Over the period since 1970
the absolute consumption of saturated fatty acids in the United Kingdom has
declined by 40%, while the consumption of monounsaturated fatty acids has
declined by 30% [1]. The consumption of polyunsaturated fatty acids increased
by 25% over this period of time [1]. This was largely the result of increased con-
sumption of linoleic acid which became generally available in margarines and
cooking oils. According to the Dietary and Nutritional Survey of British Adults
the daily diet of the average adult male in the United Kingdom contains 42 g sa-
turated fatty acids, 31 g monounsaturated fatty acids and 15.8 g polyunsaturated
fatty acids [1]. The main polyunsaturated fatty acid in the diet is linoleic acid
(intake is approximately 13.8 g/day for adult males) with a-linolenic acid con-
tributing approximately 2 g/day [1, 2]. Adult females show a similar pattern of
fatty acid consumption to males but the absolute amounts of each type of fatty
acid consumed are about 70% of those consumed by males [1, 2].

Once consumed in the diet linoleic acid can be converted via y-linolenic
(18:3n-6) and dihomo-y-linolenic (20: 3n- 6) acids to arachidonic acid (20:4n-6)
by the pathway outlined in Fig. 2. y-Linolenic acid is a constituent of borage oil
(also known as starflower oil) and evening primrose oil, but intake of this fatty
acid from habitual diets is very low, probably <20 mg/day. There are no esti-
mates of the intake of arachidonic acid from the United Kingdom diet, but esti-
mates from Australia and the United States suggest intakes of between 50 and
300 mg/day for adults [3-5]. Using the same pathway (Fig. 2) dietary a-linolenic
acid can be converted into eicosapentaenoic acid (EPA; 20:5n-3) and docosahex-
aenoic acid (DHA; 22:6n-3). The intake of longer chain polyunsaturated fatty
acids is not clearly known but it appears that the average adult in the United
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Fig. 2. The pathways for synthesis of polyunsaturated fatty acids. Saturated fatty acids and
oleic acid can be synthesised in mammalian tissues, but linoleic and a-linolenic acids cannot
since mammals do not have the enzymes required (plants do). Once consumed in the diet
linoleic and a-linolenic acids can be metabolised to longer chain, more unsaturated deriva-
tives
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Kingdom consumes about 250 mg EPA plus DHA per day [1, 2]. Many marine
plants, especially the unicellular algae in phytoplankton, also carry out chain
elongation and further desaturation of a-linolenic acid to yield EPA and DHA.
It is the formation of these long chain #-3 fatty acids by marine algae and their
transfer through the food chain, that accounts for their abundance in the tissues
of some marine mammals (e.g. whales, seals) and fish (e.g. herring, mackerel,
tuna; known as “oily fish”). EPA and DHA are found in relatively high propor-
tions in the commercial products called “fish oils” which are a preparation of the
body oils of cold water fish; EPA and DHA are also found in high proportions in
the oils extracted from the livers of other species of fish which live in warmer
waters (e.g. cod). EPA and DHA comprise 20 to 30% of the fatty acids in a typi-
cal preparation of fish oil, which means that a one gram fish oil capsule provides
200 to 300 mg of these fatty acids. Thus, an adult in the United Kingdom con-
suming a typical diet could double their intake of long chain n-3 fatty acids by
consuming a single one gram fish oil capsule per day. In contrast, consumption
of a single portion of oily fish can provide as much as two or three grams of long
chain n-3 fatty acids [2]. Note however, that in the absence of significant con-
sumption of oily fish, a-linolenic acid is the major dietary n-3 fatty acid.

123
The Immune System

12.3.1
What is the Immune System and How Does it Work?

The immune system acts to protect the host from infectious agents which exist
in the environment (bacteria, viruses, fungi, parasites) and from other noxious
insults. The immune system has two functional divisions: the innate (or natural)
immune system and the acquired (also termed specific or adaptive) immune
system. Both components of immunity involve various blood-borne factors and
cells (Table 2). These cells are generally termed leukocytes (or white blood cells).

Table 2. Components of innate and acquired immunity

Innate Acquired
Physicochemical Skin Cutaneous and mucosal
barriers immune systems
Mucous membranes Antibodies in mucosal
Lysozyme secretions
Stomach acid
Commensal bacteria
Circulating molecules ~ Complement Antibodies
Cells Granulocytes Lymphocytes (T and B)
Monocytes/macrophages
Natural killer cells

Soluble mediators Macrophage-derived cytokines ~ Lymphocyte-derived cytokines
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Leukocytes fall into two broad categories: phagocytes (which include granu-
locytes [neutrophils, basophils, eosinophils], monocytes and macrophages) and
lymphocytes. Lymphocytes are further subdivided into T lymphocytes, B lym-
phocytes and natural killer cells. T lymphocytes are further divided into helper
T cells (these are distinguished by the presence of the molecule CD4 on their
surface) and cytotoxic T cells (these are distinguished by the presence of CD8 on
their surface). The cells of the immune system are found circulating in the
bloodstream, organised into lymphoid organs such as the thymus, spleen and
lymph nodes or dispersed in other locations around the body. All cells of the im-
mune system originate in bone marrow.

Innate immunity is the first line of defence against infectious agents. It is
present prior to exposure to pathogens and its activity is not enhanced by such
exposures. This component of immunity includes:

o the skin;

 other physiochemical barriers to entry of pathogens such as the mucous
lining of the respiratory, gastrointestinal and genitourinary tracts, lysozyme
in tears, acid in the stomach, and commensal bacteria in the gastrointestinal
tract;

o phagocytic cells and natural killer cells in the blood and tissues;

 blood-borne chemicals such as complement, acute phase proteins and cyto-
kines produced by macrophages (Table 2).

Innate immunity is concerned with preventing entry of infectious agents into
the body and, if they do enter, with their rapid elimination. Elimination can oc-
cur by:

» direct destruction of pathogens by complement, by toxic chemicals, such as
superoxide radicals and hydrogen peroxide released by phagocytes, or by
toxic proteins released by natural killer cells;

o engulfing pathogens by the process of phagocytosis (this is what phagocytes
do; phagocytosis is made more efficient by coating the invading pathogen
with host proteins like complement or antibodies) and their subsequent
destruction.

Acquired immunity involves the specific recognition of molecules on an inva-
ding pathogen which distinguish it as being foreign to the host (these are called
antigens). The recognition of antigens is by antibodies (produced by B lym-
phocytes) and by T lymphocytes (Table 2). The acquired immune system inclu-
des a component of memory, such that if the antigen is encountered again (i.e.
there is re-infection) the response is faster and stronger than the initial re-
sponse. This is the basis of vaccination. Although the immune system as a whole
can recognise tens of thousands of antigens, each lymphocyte can recognise
only one antigen and so the number of lymphocytes specific for a particular an-
tigen must be very low. However, when an antigen is encountered it binds to
the small number of lymphocytes which recognise it and causes them to divide
s0 as to increase the number of cells which are capable of mounting a response
to the antigen; this is the process termed lymphocyte proliferation. B lym-
phocytes proliferate and mature into antibody-producing cells (plasma cells)
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and T lymphocytes proliferate and are able to directly destroy virally-infected
cells (cytotoxic T lymphocytes) or control the activity of other cells involved
in the response (helper T cells). The B lymphocyte response to antigen is term-
ed humoural immunity and the T cell response is termed cell-mediated im-
munity.

12.3.2
Communication Within the Inmune System: Cytokines

Communication within the acquired immune system and between the innate
and acquired systems is brought about by direct cell-to-cell contact involving
adhesion molecules and by the production of chemical messengers which send
signals from one cell to another (Fig. 3). Chief among these chemical messengers
are proteins called cytokines which can act to regulate the activity of the cell
which produced the cytokine or of other cells. Each cytokine can have multiple
activities on different cell types. Cytokines act by binding to specific receptors

Fig.3. Schematic representation of how immune cells interact to give a co-ordinated response
to a stimulus. There may be direct cell-to-cell interaction mediated by proteins (e.g. adhesion
molecules) on the surface of the two interacting cells and/or there may be production of
chemical messengers (i.e. mediators) by one cell type which affect the activities of the second
cell type. The specificity of action of most mediators is determined by the presence of recep-
tors (R) on the surface of target cells



12.3 The Immune System 183

on the cell surface and thereby induce changes in growth, development, or ac-
tivity of the target cell.

Tumour necrosis factor (TNF)-a, interleukin (IL)-1 and IL-6 are among the
most important cytokines produced by monocytes and macrophages. These
cytokines activate neutrophils, monocytes and macrophages to initiate bacterial
and tumour cell killing, increase adhesion molecule expression on the surface of
neutrophils and endothelial cells, stimulate T and B lymphocyte proliferation,
up-regulate major histocompatibility antigens (these are involved in the presen-
tation of antigen to T lymphocytes) and initiate the production of other pro-in-
flammatory cytokines (e.g. TNF induces production of IL-1 and IL-6, and IL-1
induces production of IL-6). Thus, TNF, IL-1 and IL-6 are mediators of both
natural and acquired immunity and are an important link between them. In
addition, these cytokines mediate the systemic effects of inflammation such as
fever, weight loss and acute phase protein synthesis in the liver. Production of
appropriate amounts of TNF, IL-1 and IL-6 is clearly beneficial in response to
infection, but inappropriate or overproduction can be dangerous and these
cytokines, especially TNEF, are implicated in causing some of the pathological
responses which occur in inflammatory conditions [6].

Helper T lymphocytes can be sub-divided according to the pattern of cyto-
kines they produce (Fig. 4). It is believed that helper T cells which have not pre-
viously encountered antigen produce mainly IL-2 upon initial encounter with an-
tigen. These cells may differentiate into a population sometimes referred to as Th0
cells which differentiate further into either Th1 or Th2 cells (Fig. 4). This differen-
tiation is regulated by cytokines: IL-12 and interferon-y (IFN-y) promote the de-
velopment of Thl cells while IL-4 promotes the development of Th2 cells (Fig. 4).
Th1 and Th2 themselves have relatively restricted profiles of cytokine production:
Th1 cells produce IL-2 and IFN-y which activate macrophages, natural killer cells
and cytotoxic T lymphocytes and are the principal effectors of cell-mediated im-
munity. Interactions with bacteria, viruses and fungi tend to induce Th1 activity.
Since Th1 cytokines activate monocytes and macrophages, these cytokines may
be regarded as pro-inflammatory. Th2 cells produce IL-4, which stimulates immu-
noglobulin E production, IL-5, an eosinophil activating factor, and IL-10, which
together with IL-4 suppresses cell-mediated immunity (Fig. 4). Th2 cells are re-
sponsible for defence against helminthic parasites which is due to immunoglo-
bulin E-mediated activation of mast cells and basophils. Because Th2 cytokines
suppress Th1 responses, these cytokines may be regarded as anti-inflammatory.

12.3.3
Inflammation

Inflammation is the body’s immediate response to infection or injury. It is typi-
fied by redness, swelling, heat and pain. These symptoms occur as a result of
increased blood flow, increased permeability across blood capillaries which
permits large molecules (e.g. complement, antibodies, cytokines) to leave the
bloodstream and cross the endothelial wall and increased movement of leu-
kocytes from the bloodstream into the surrounding tissue. Thus, inflammation
is part of the normal, innate immune response.
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Fig. 4. The differentiation of helper T lymphocytes and their involvement in immune re-
sponses and in disease processes. According to the cytokine mileu, helper T lymphocytes can
differentiate towards the Th1 phenotype or towards the Th2 phenotype. The presence of bac-
terial, viral or fungul infections promotes differentiation along the Thl path whereas the
presence of parasitic infections promotes differentiation along the Th2 pathway. Thl cells
produce interleukin-2 (IL-2) and interferon-y (IFN-y). These activate macrophages, cytotoxic
T lymphocytes, natural killer cells and B lymphocytes to elicit cell-mediated immune respons-
es and graft rejection. Th2 cells produce IL-4, IL-5 and IL-10. IL-4 promotes the production
of immunoglobulin E by B lymphocytes and IL-5 enhances eosinophil activity. Th1 cytokines
inhibit the development of Th2 cells while Th2 cytokines inhibit the development of Th1 cells.
The Th1 response is involved in chronic inflammation while the Th2 response is involved in
allergic reactions
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12.3.4
Integration of the Immune Response

The innate and acquired immune responses are integrated according to the di-
rect cell-to-cell and cytokine interactions which result from the presence of a
particular stimulus. The innate response, including its inflammatory compo-
nent, responds initially to the stimulus, acting directly to eliminate it by the
activities of complement, phagocytosis etc. Cytokines produced by the cells in-
volved in the innate response, especially monocytes and macrophages, will reg-
ulate this response and also act systemically on the liver to promote acute phase
protein synthesis, on skeletal muscle and adipose tissue to promote proteolysis
and lipolysis, respectively (this is believed to be the body’s way of providing fuels
to the immune system), and on the brain to reduce appetite and induce fever
(Fig. 5). These cytokines will also interact with T lymphocytes. Antigen-pre-
senting cells which include activated monocytes and macrophages will present
antigen to T lymphocytes and so the acquired immune response will be trigger-
ed (Fig. 5). Now there will be a cell-mediated response to the antigen. T lympho-
cytes will produce cytokines which will regulate the activity of the cells involved

Insult (e.g. Infection, Trauma, Burns, Surgery)

Inflammatory response i
(TNF, IL-1, IL-6, PGE2, nitric oxide) Cell-mediated response
Tissue damage | | Reduced appetite Nutrient release Pathogen destruction
Homeostasis

Fig. 5. Schematic representation of the immune response to an insult. An immunological in-
sult may be infectious in nature or may be related to injury. The insult activates the inflam-
matory response. The presence of antigen and/or certain cytokines activates the cell-mediat-
ed immune response. The mediators produced as part of the inflammatory response induce
systemic effects (e.g. reduced appetite, release of stored nutrients, fever), which are believed to
play a role in optimising the host response. The inflammatory and cell-mediated responses to-
gether lead to pathogen destruction. In the course of the response there may be some damage
to host tissues. Ultimately the source of the insult is eliminated and the system returns to
homeostasis
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in the innate response (monocytes, macrophages, natural killer cells), promote
the proliferation of B and T lymphocytes and promote antibody production by
B lymphocytes. By virtue of the integrated innate and acquired responses the
source of the antigen should be eliminated and a component of immunological
memory will remain (Fig. 5).

123.5
The Immune System in Health and Disease

Clearly a well functioning immune system is essential to health. It serves to pro-
tect the host from the effects of ever present pathogenic organisms. Cells of the
immune system also have a role in identifying and eliminating cancer cells.
There are however some detrimental effects of the immune system:

1. In the course of its activity to recognise and eliminate foreign antigens, the
immune system is responsible for the rejection of transplanted tissues.

2. In some individuals the immune system appears to be able to recognise host
antigens. As a result,an immune response to host tissues is generated and this
leads to tissue damage. This is the characteristic of so-called chronic inflam-
matory or autoimmune diseases. Such diseases are linked to genes coding for
proteins involved in antigen presentation or recognition such as the major
histocompatibility class II proteins and the T-cell receptor; thus there is a
genetic predisposition to these diseases. These diseases are typified by an
ongoing chronic inflammation involving the pro-inflammatory cytokines
produced by monocytes and macrophages and by a dysregulated Th1 lym-
phocyte response. Examples of this type of disease include type-1 diabetes
(IFN-y expression correlates with f-cell destruction), psoriasis (IFN-y but
not IL-4 is found in the lesions), multiple sclerosis (T cells from patients
produce IFN-y but not IL-4) and rheumatoid arthritis (see below).

3. The immune system of some individuals can become sensitised to usually
benign antigens from the environment and can respond inappropriately to
them. Such antigens can include components of foods or of so-called aller-
gens (e.g. cat or dog fur, house dust mite, some pollens), such that this res-
ponse can lead to allergies, asthma and related atopic diseases. Although these
diseases are often termed chronic inflammatory diseases they have a different
immune basis from the diseases described above, although again they are ty-
pified by inappropriate recognition of and/or responses to antigens. However,
atopic diseases are characterised by a dysregulated Th2 lymphocyte response
such that excessive amounts of IL-4,IL-5 and IL-10 are found. IL-10 suppres-
ses the Thl response, IL-4 stimulates immunoglobulin E production by B
lymphocytes (immunoglobulin E promotes histamine release from mast
cells), and IL-4 and IL-5 activate eosinophils which are involved in the per-
sistent inflammation which is a component of these diseases.

4. The immune system becomes activated as a result of trauma and surgery. This
response is characterised by excess production of the pro-inflammatory cyto-
kines and if it persists it can damage organs causing their failure leading to
complications and sometimes death.
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These immune dysfunctions are each characterised by the same set of events of
characterise normal immune responses:

 recognition of the antigen/insult;

« inflammatory response (cellular activation and the release of chemoattrac-
tants, cytokines, eicosanoids, reactive species [e.g. superoxide radicals] and
growth factors);

 chemotaxis of leukocytes towards the site of immune activity;

o upregulation of adhesion molecules promoting movement of leukocytes
from the bloodstream to the sub-endothelial space;

¢ persistent cellular activation characterised by production of cytokines and
other mediators (chronic inflammation);

o elimination of antigen/insult followed by reversal of cellular activation (if the
immune response is successful) or tissue damage (in the case of inflamma-
tory diseases).

12.4
Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a common disease in humans with a prevalence of
about 1 in 100 world-wide [7]; it is more common in women than in men [7].RA
is a chronic inflammatory or autoimmune disease. It is characterised by infiltra-
tion of activated T lymphocytes, macrophages and plasma cells (B lymphocytes
which have differentiated into antibody secreting cells) into the synovial joints.
This leads to progressive destruction of cartilage and bone, most likely due in
part to cytokine induction of destructive enzymes such as matrix metallo-
proteinases. RA is also characterised by signs of systemic inflammation, such as
elevated concentrations of acute phase proteins.

Genetic studies have linked vulnerability to and severity of RA to genes in the
major histocompatibility class II locus [8]; in humans these proteins are called hu-
man leukocyte antigen class II (HLA). Specifically, RA is associated with a region
in the genes encoding HLA-DR4 and HLA-DRI1 [8]. Since the function of HLA-DR
is to present antigen to helper T lymphocytes, this genetic association indicates a
role for T cells in the disease. It seems that there is presentation of host antigen to
T cells, which are driven along the Thl path of differentiation thus promoting a
pro-inflammatory response. The host antigen to which T cells react is not known
but candidates include collagen type II, other cartilage proteins and heat shock
protein 70. Despite this apparently central role of T cells in RA, there are low levels
of T cell-derived cytokines in the synovial joints of RA patients and T-cell proli-
feration rates are low. This has been taken to indicate that T lymphocytes are not
important in perpetuating the disease [9]. However, T lymphocytes normally play
a key role in driving immune responses and they are central to animal models of
autoimmune diseases including those for arthritis. Thus, T lymphocytes are likely
to play a role in both RA induction and in its perpetuation.

Synovial biopsies from patients with RA contain high levels of pro-inflam-
matory cytokines including TNF-a, IL-18, IL-6, IL-8 and granulocyte/macro-
phage-colony stimulating factor (GM-CSF) [10]. Synovial cells cultured ex vivo
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produce TNF-a, IL-18, IL-6, IL-8 and GM-CSF for extended periods of time
without additional stimulus [10]. If the action of TNF-a is blocked, for example
by adding an anti-TNF-a antibody the production of the other cytokines is re-
duced, while if the action of IL-1 is blocked by adding IL-1 receptor antagonist
(IL-1ra) the production of the other cytokines, except for TNF-a, is blocked [10].
This indicates a cascade of pro-inflammatory cytokines and suggests that
blocking TNF-a will diminish the actions of many other pro-inflammatory
mediators and so might be a therapeutic target.

The actions of pro-inflammatory cytokines are antagonised by anti-inflam-
matory cytokines such as IL-4, IL-10, transforming growth factor- # (TGF- ) and
by cytokine inhibitors such as IL-1ra and soluble TNF receptors. Synovial biop-
sies from rheumatoid joints contain abundant amounts of TGF-3,IL-10 (but not
IL-4, suggesting that the T cells involved in RA are of the Thl type), IL-1ra and
soluble TNF receptors [10]. Thus, the inflamed synovial joint contains excessive
amounts of both pro- and anti-inflammatory mediators, but given the ongoing
inflammatory state and what is known from animal models of arthritis, it ap-
pears that RA is characterised by an imbalance between pro- and anti-inflam-
matory cytokines and, most likely, between Th1 and Th2 cytokines.

12.5
Eicosanoids: The Link Between Fatty Acids and the Immune System

12.5.1
Eicosanoid Synthesis

Eicosanoids are a second group of chemical messengers which act within the
immune system. They are synthesised from fatty acids, in particular dihomo-y-
linolenic, arachidonic and eicosapentaenoic acids. Eicosanoids include prosta-
glandins (PG), thromboxanes, leukotrienes (LT), lipoxins, hydroperoxyeicosate-
traenoic acids and hydroxy-eicosatetraenoic acids. The fatty acid precursor for
eicosanoid synthesis is released from cell membrane phospholipids, usually by
the action of phospholipase A, activated in response to a cellular stimulus. Be-
cause the membranes of most cells contain large amounts of arachidonic acid,
compared with dihomo-y-linolenic acid and EPA, arachidonic acid is usually the
principal precursor for eicosanoid synthesis and gives rise to the a particular
family (called the 2-series) PG and thromboxanes and a particular family (called
the 4-series) LT (Fig. 6). PG and thromboxanes are produced by the cyclooxy-
genase enzymes (COX). There are two isoforms of COX: COX-1 is a constitutive
enzyme and COX-2 is induced in immune cells as a result of stimulation and is
responsible for the markedly elevated production of PG which occurs upon cel-
lular activation. Non-steroidal anti-inflammatory drugs (NSAIDs) act by inhibi-
tion of COX (Fig. 6).

LT and related compounds are produced by lipoxygenase enzymes (LOX) of
which there are three types, each of which has a particular cellular distribution:
5-LOX is found in mast cells, monocytes, macrophages and granulocytes, 12-
LOX is found in platelets and some epithelial cells and 15-LOX is found in young
myeloid cells and some epithelial cells.
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Fig. 6. Eicosanoid synthesis from arachidonic and eicosapentaenoic acids. Metabolism of
arachidonic acid yields 2-series prostaglandins (PG) and 4-series leukotrienes (LT). The
cyclooxygenase enzyme is inhibited by NSAIDs. When available through the diet, EPA partly
replaces arachidonic acid in cell membranes, thereby decreasing the amount of substrate
available for synthesis of 2-series PG and 4-series LT. EPA is a substrate for COX and
5-lipoxygenase (LOX) and gives rise to 3-series PG and 5-series LT

12.5.2
Roles for Eicosanoids in Inflammation and Immunity

PG are involved in modulating the intensity and duration of inflammatory and
immune responses. PGE, has a number of pro-inflammatory effects including
induction of fever and erythema, increasing vascular permeability and vaso-
dilation and enhancing pain and oedema caused by other agents such as brady-
kinin and histamine. PGE, inhibits production of TNEF-a, IL-1, IL-6, IL-2 and
IFN-y; thus in these respects PGE, is anti-inflammatory. PGE, does not affect the
production of the Th2 cytokines IL-4 and IL-10 but promotes immunoglobulin
E production by B lymphocytes.

LTB, increases vascular permeability, enhances local blood flow, is a potent
chemotactic agent for leukocytes, induces release of lysosomal enzymes, en-
hances generation of reactive oxygen species and inhibits lymphocyte prolifera-
tion. 4-series LT also regulate production of pro-inflammatory cytokines; for
example LTB, enhances production of TNF, IL-1 and IL-6.

12.5.3
Eicosanoids and RA

Both COX-1 and COX-2 expression are increased in the synovium of RA pa-
tients [11], and in the joint tissues in rat models of arthritris [11]. PGE,, LTB,,
5-HETE and also platelet activating factor, another phospholipid-derived in-
flammatory mediator, are found in the synovial fluid of patients with active RA
[12]. In addition to the activities outlined above, PGE, promotes production of
matrix metalloproteinases [13] and stimulates bone resorption [14]. The effi-
cacy of NSAIDs in RA indicates the importance of the pro-inflammatory COX
pathway products in the pathophysiology of the disease. However, although
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these drugs provide immediate relief of pain and stiffness by inhibiting joint
inflammation, they do not influence the course of the disease. Second line drugs
termed slow-acting antithematic drugs (SAARDs) have a delayed action and
can alter the course of RA. In general these drugs do not interfere with eico-
sanoid synthesis. An exception is the corticosteroids which have a range of po-
tent anti-inflammatory effects including inhibition of phospholipase A,, the
enzyme responsible for release of arachidonic acid from membrane phospho-
lipids prior to eicosanoid synthesis, and of COX-2 expression [29]. Both
NSAIDs and SAARD:s have side effects which limit the length of time that they
can be used for.

12.5.4
Fish Oil and Eicosanoids

Feeding animals or humans increased amounts of fish oil results in a decrease in
the amount of arachidonic acid in the membranes of most cells in the body,
including those involved in inflammation such as monocytes, macrophages,
neutrophils and lymphocytes. This means that there is less substrate available
for synthesis of eicosanoids from arachidonic acid. Furthermore, EPA and DHA
competitively inhibit the oxygenation of arachidonic acid by COX. Thus, fish oil
feeding results in a decreased capacity of immune cells to synthesise eicosanoids
from arachidonic acid (e.g. PGE, and LTB,). In addition, EPA is able to act as a
substrate for both COX and 5-LOX (Fig. 6), giving rise to derivatives which have
a different structure from those produced from arachidonic acid (i.e. 3-series
PG and thromboxanes and 5-series LT). Thus, the EPA-induced suppression
in the production of arachidonic-acid derived eicosanoids is mirrored by an ele-
vation in the production of EPA-derived eicosanoids [15, 16]. The eicosanoids
produced from EPA are often less biologically potent than the analogues syn-
thesised from arachidonic acid, although the full range of biological activities
of these compounds has not been investigated. LTB; is only about 10% as potent
as a chemotactic agent and in promoting lysosomal enzyme release as LTB,
[17]. LTBs can partially inhibit LTB,-mediated superoxide formation and che-
motaxis [18].

12.6
Effects of Fish Oil on Immune Function

The effect of dietary n-3 polyunsaturated fatty acids on production of eico-
sanoids derived from arachidonic acid (see above) suggests that fish oil should
exert anti-inflammatory effects by decreasing the production of pro-inflamma-
tory 2-series PG and 4-series LT. This effect should in turn alter other cellular
functions such as the production of pro-inflammatory cytokines by monocytes
and macrophages and by Thl lymphocytes. A large number of studies on the
effects of n-3 fatty acids on immune function have now been published. These
studies have examined the effects of n-3 fatty acids added to isolated cells in cul-
ture (i.e. in vitro studies), the effects of feeding animals or humans diets con-
taining increased amounts of n-3 fatty acids on the functions of cells subsequent-
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ly studied in culture (ex vivo studies), and the effects of feeding animals diets
containing increased amounts of n-3 fatty acids on in vivo measures of inmune
function such as responses to injected antigen or foreign cells (in vivo studies).
Cell culture studies are useful to identify the potential effects of nutrients and to
investigate their mechanisms of action. However, they represent a rather unphy-
siological setting since they use purified cells away from their normal environ-
ment and isolated from the interactions and signals that they would receive in
vivo. Ex vivo studies can reveal the potential effects of nutrients in vivo, but
again they usually involve the culture of isolated cells often for several days in an
unphysiological setting, which might act to mask the effects of the nutrient un-
der study. In contrast, in vivo studies reveal the response of the entire immune
system to challenge; the concentration of antibodies or cytokines in the plasma
can be measured, as can responses like fever, and swelling. Although there have
been many studies of the impact of fish oil on inflammation and immunity, there
are relatively few of these in vivo investigations, especially in humans. The
studies of fish oil and inflammation and immunity have been reviewed in great
detail a number of times recently [19-27], and need only be summarised here.
With regard to RA the principal effects of fish oil, in addition to decreased pro-
duction of arachidonic acid-derived eicosanoids, appear to be:

o decreased production of pro-inflammatory cytokines (TNF-a, IL-1 and IL-6)
by monocytes and macrophages (demonstrated in some, but not all, studies
in animals and humans);

¢ decreased lymphocyte reactivity and production of Thl-type cytokines (IL-
2 and IFN-y);

¢ decreased production of platelet activating factor;

¢ decreased production of reactive oxygen species (e.g. superoxide radicals)
(demonstrated in some studies);

¢ decreased expression of major histocompatibility class I molecules;

o decreased expression of adhesion molecules on endothelial celis and leuko-
cytes and decreased cell-to-cell binding;

¢ decreased chemotaxis of monocytes and neutrophils.

It should be mentioned that not all studies which have been performed agree
and that there are some differences among animal studies and between some
animal and human studies. Nevertheless, a large number of studies now support
the idea that fish oil exerts a range of immunological effects. Thus, given the
effects listed above, fish oil would be expected to diminish the recognition of and
response to host antigen, decrease movement of leukocytes towards sites of
inflammatory activity, decrease binding of leukocytes to endothelial cells and
their movement from the bloodstream to the sub-endothelial space and de-
crease cellular activation and the release of chemoattractants, cytokines, eico-
sanoids and reactive species.
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12.7
Fish Oil Intervention in Rheumatoid Arthritis

As outlined above, RA is a typical chronic inflammatory disease characterised
by infiltration of leukocytes into the synovial joints, their activation and pro-
duction of pro-inflammatory cytokines (TNF-a, IL-1, IL-6, IL-8), eicosanoids
(PGE,, LTB,), superoxide radicals, proteinases and so on and subsequent joint
destruction (Fig. 7). Increasing the consumption of fish oil results in decreased
production of arachidonic acid-derived eicosanoids, increased production of
less potent EPA-derived eicosanoids, and decreased production of pro-inflam-
matory cytokines, platelet activating factor, and superoxide radicals. Thus, fish
oil should act in RA to decrease the production of pro-inflammatory mediators
which directly or indirectly contribute to joint destruction and to the systemic
effects of the disease. In addition, it appears that fish oil decreases adhesion

Host antigen

/

Macrophages [_g.| T lymphocytes

~N

Pro-inflammatory cytokines

B lymphocytes Macrophages

'

Auto-antibodies Nitric oxide, Growth factors, Eicosanoids,
Complement, Cytokines, Proteases

T~

Joint inflammation

Joint destruction

Fig. 7. The immunolgical response to host antigen in rheumatoid arthritis. The sustained
production of inflammatory mediators leads to joint destruction
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molecule expression on both endothelial cells and leukocytes and so might act
to decrease leukocyte infiltration into the inflamed joint. Using a murine model
of arthritis (type II collagen-induced arthritis) Leslie et al. [28] compared the
effects of feeding diets rich in n-6 or n-3 polyunsaturated fatty acids (corn oil vs.
fish oil). The mice were fed the diets for 26 days and were then injected with type
II collagen. They were retained on the diets for a further 80 days. Time of onset
of arthritis was earlier in the corn oil-fed mice (25.1 days vs. 33.7 days in the fish
oil-fed group). Peak severity score was lower in fish oil-fed mice (6.7 vs 9.8 in the
corn oil group). Ultimately 93% of corn oil-fed mice developed arthritis com-
pared with 69 % of fish oil-fed mice. By all criteria used (incidence, severity, peak
severity, time of onset) fish oil-fed mice were less susceptible to the disease than
corn oil-fed mice. Macrophages from the mice fed fish oil produced about half
the amount of eicosanoids as those from the corn oil-fed mice [28].

A number of studies have now been performed investigating the biochemical
and clinical impact of fish oil in RA; these are summarised in Table 3. These
studies have used between 1 and 7.1 g EPA plus DHA per day, provided for 12 and

Table 3. Summary of the trials of fish oil in RA

Duration EPA + DHA  Significant improvements in Reference
(weeks) (g/day)

12 1.8+1.2 Number of tender joints; duration of morning 29
stiffness

14 27+1.8 Number of tender joints; Number of swollen 30
joints; Time to fatigue; Doctor’s global assessment

12 32+20 Number of tender joints; Grip strength 31

24 1.7+1.2 In both groups: Number of tender joints; 32

Number of swollen joints; Grip strength;
Doctor’s global assessment
or3.5+24 Inhigh dose group only: duration of morning

stiffness

12 20+1.3 Number of swollen joints; Joint pain index 33

12 20+1.3 Number of swollen joints; Duration of 34
morning stiffness

24 1.8+1.2 Number and severity of tender joints; 35
Doctor’s global assessment; Use of NSAIDs

16 3.8+2 Number and severity of tender joints; 36
Duration of morning stiffness

12 20+1.2 Number of tender joints; Duration of morning 37
stiffness

52 1.7+1.1 Use of NSAIDs 38

52 0.8+0.2 Doctor’s pain assessment; Patient’s global 39

or1.7+0.4 assessment; Use of NSAIDs and/or SAARDs
26 to 30 4.6+2.5 Number of tender joints; Duration of moring 40

stiffness; Doctor’s assessment of pain; Doctor’s
global assessment; Patient’s global assessment
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52 weeks (see Table 3 for details). The amounts of EPA plus DHA used in these
studies would equate to between 3 and 21 g of fish oil per day i.e. between 3 and
21 standard 1 g fish oil capsules. Treating RA patients with fish oil led to decreas-
ed LTB, production by stimulated neutrophils [29-31, 34] and monocytes [31,
32]. Surprisingly the neutrophil chemotactic response is significantly impaired
in RA patients [41, 42]; this was shown to be due to marked down-regulation of
the LTB, receptor and subsequent reduced signalling through this receptor [42].
Feeding fish oil to RA patients up-regulated LTB, receptor expression on neu-
trophils and increased neutrophil chemotaxis towards LTB, [42]. In this respect
the effect of fish oil was to make neutrophils respond more like those from sub-
jects who did not have RA. A fish oil-induced reduction in IL-1, but not TNF-a
or IL-2, production by monocytes from RA patients has been reported [32]. Fish
oil lowered circulating C-reactive protein concentration in RA patients [27].
Thus, in RA patients fish oil appears to exert some anti-inflammatory effects
(lowered LTB,, IL-1 and C-reactive protein production), suggesting that it might
bring about clinical improvements.

A variety of clinical outcome measures have been monitored in the trials of
fish oil in RA (see Table 3). Each study has reported improvements after fish oil,
including reduced duration of morning stiffness, reduced number of tender or
swollen joints, reduced joint pain, reduced time to fatigue, and increased grip
strength (Table 3). In eleven studies fish oil resulted in an improvement in
at least two clinical measures, and in four studies there was improvement in at
least four clinical outcomes (Table 3). Decreased joint tenderness was reported
in nine studies (Table 3). Assessments made by the patient and/or the doctor
indicated decreased disease activity in several studies (Table 3). Normal me-
dication was continued during the fish oil supplementation period in most of
these studies, although in three of the studies patients were free to change
their use of NSAIDs as required [35, 38, 39]. In each of these three studies there
was a significant reduction in the use of NSAIDs while patients were consuming
fish oil (Table 3). In two other studies cessation of use of NSAIDs was part of
the protocol [36, 40] and the ability of patients to endure this suggests an
NSAID-sparing effect. Thus, fish oil appears to induce significant clinical im-
provements in patients with RA and may lead to decreased use of NSAIDs. A
meta-analysis of ten of these studies which were randomised and placebo-con-
trolled has been performed [43]. This confirmed significant improvements in
the number of tender/ painful joints and in morning stiffness after 3 months of
fish oil treatment.

12.8
Conclusions and Comments

The production of arachidonic acid-derived pro-inflammatory eicosanoids
such as PGE, and LTB, is markedly reduced by feeding diets rich in fish oil. Fur-
thermore, inclusion of fish oil in the diet significantly reduces the movement of
leukocytes towards chemotactic agents and the production of pro-inflamma-
tory cytokines by monocytes, macrophages and T lymphocytes. Long chain n-3
fatty acids also appear to reduce adhesion molecule expression and thus might
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influence the movement of leukocytes into sites of inflammation. Several studies
indicate a reduction of major histocompatibility class II expression on antigen
presenting cells following fish oil feeding; this would suggest a diminished abi-
lity to present antigen. Some studies show that fish oil decreases generation of
reactive oxygen species. Although some of the effects of fish oil may be brought
about by modulation of the amount and types of eicosanoids made, it is likely
that these fatty acids can also elicit their effects by eicosanoid-independent
mechanisms. These effects suggest that fish oil may be of use as a therapy for
chronic inflammatory disorders such as RA. Trials of fish oil in RA have shown
significant improvements in a variety of clinical outcomes. The effectiveness of
fish oil might however have been underestimated because in most studies
patients have continued with existing drug therapies (Table 3) and because the
intake of n-6 fatty acids from the diet has not been modified; it is possible that
n-3 fatty acids might be more effectively incorporated into immune cells if n-6
fatty acid intake is lowered. On the other hand, the elongation product of linoleic
acid, y-linolenic acid, also has anti-inflammatory effects and has been used
alone and in combination with fish oil with some success in RA [see 44, 45 for
reviews of the use of y-linolenic acid in RA]. There have been no detailed studies
of the dose-response relationship between EPA plus DHA and clinical improve-
ment in RA. One study which included more than a single dose of EPA plus DHA
[32], found that both doses (2.9 and 5.9 g EPA plus DHA per day) were equally
as effective at bringing about clinical improvements. However, the improve-
ments became statistically significant sooner in the high dose group than in the
low dose group (12 weeks vs. 18 or 24 weeks) [32]. It is not known what the
minimum dose required to bring about a range of clinical improvements is,
although most studies have used about 3.3 g EPA plus DHA per day. It is not clear
what the maximum effective dose of EPA plus DHA is, although the study of
Kremer et al. [32] would suggest that a lower dose can be as effective as a high
one but will take longer to exert its effects. The potential role of the precursor of
EPA, a-linolenic acid, in RA has not been investigated. If a-linolenic acid were
to be effective it would most likely need to be converted to EPA. In humans this
conversion is not efficient, meaning that large does of a-linolenic acid would be
required to affect immunological responses. Caughey et al. [46] have shown that
dietary a-linolenic acid can decrease ex vivo TNF-a and IL-18 production by
monocytes from healthy volunteers, but 13.7 g a-linolenic acid per day for four
weeks, approximately 10-times habitual intake, was only about 30 % as effective
as 2.7 g EPA plus DHA.
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