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During a one year longitudinal study, the dietary intake and
growthof 50 vegetarian children aged 7-11 years was compared
with that of 50 age-, sex- and race-matched omnivores. Diet was
assessed at 6 month intervals using three, 3-day diet diaries
and follow-up interviews. Anthropometric measurements (height,
weight, mid-arm circumference, biceps and triceps skinfolds)

were similarly taken 3 times. Multiple stepwise regression was
used to control for non nutritional factors that affect growth.
A questionnaire was administered at baseline to all children
and their parents, to determine socio-economic status, health
related behaviour and parents’ height. Finger-prick blood
samples were obtained from a sub-sample to measure haemoglobin
(n=35 pairs) and cholesterol (n=32 pairs). Activity profiles
were obtained using 12 hour heart-rate telemetry (n=20 pairs).
Vegetarian and omnivorous groups were similar for socio-
economic group and health related behaviour. The predicted
growth increment (0.47cm) of the vegetarians was significantly
greater (p=0.05) than that of the omnivores. Energy and sugars

intakes of the vegetarians were significantly lower than those
of the omnivores, fat and iron intakes were similar, whilst P:S

ratio, NSP and calcium intakes were higher. The mean (SD)
haemoglobin level of the vegetarians (11.8 (0.2g/dl)) was

significantly below (p=0.04) that of the omnivores (12.4
(0.2)g/dl) but cholesterol levels were simllar. Heart-rates

were slightly higher for the vegetarians than the omnivores.
The diet of the vegetarian children more closely resembled
current recommendations although they need to be as vigilant as
omnivores to reduce their intake of fat, and care 1is needed to
ensure optimal iron status. The results of this study suggest
that vegetarian children who include dairy *products grow at
least as well as those children who eat meat.



CONTENTS

Page number

1.0.0. INTRODUCT LON 1

1.1.0. The historical development of the

Vegetarian diet. 2
1.1.1. Definition of a "vegetarian diet". 12
1.2.0. The health aspects of Vegetarianism. 14
l1.2.1. sSummary. 31
1.3.0. The diets of British adults. - 32
1.3.1. fhe diets of Vegetarian adults. 34
1.3.2. The studies of Vegetarian Adults 1n the U.K. 40
1.3.3. Summary . 42
1.4.0. Childhood nutrition and later health. 45
1.4.1. Summary . _ 53
1.5.0. The dietary intake of children in the U.K. 55
1.5.1. Summary . 65
1.6.0. Dietary and anthropometric studies of

Vegetarian chiidren. 66
1.6.1. The dietary and anthropometric studies of

Vegetarian children 1n the U.K. 78
l1.6.2. sSummary. 84
1.7.0. Aims and objectives. 87

contents-1



2.0.0.

2.5.0.

2.5.1.

The study design.

Sampling.

Subjects

Methods of recruitment.

summary of study design and methodology.
Statistical analysis.

Questionnaire: Baseline data of child and

child’s family.

Growth.

Environmental influences on growth.
Biological influences on growth.
Growth standards.

Measurement of body composition.
Skinfold thickness.

Mid-arm circumference.

Body Mass Index.

sSummary.

Procedure for anthropometric measurements.

Dietary intake methodology.
Methods based on recall.
24 hour recall and diet history.

Food Frequency questionnaire.

contents-2

88

89

89

92

93

93

95

103

105

106

110

113

116

118

121

122

125

126

128

135

135

139



2.5.2

2.6.0

Methods based on records.
Weighed Inventory.

Diet diary and interview.

Food tables.

Summary.

Procedure for dietary assessment.

Measurement of Activity.

Oxygen consumption.

Doubly labelled water technique.
Heart rate telemetfy.

Movement counters.

Qgestionnaire and recall.
Summary.

Procedure for measurement of activity.

Methods for assessing iron deficiency.

Summary .

Procedure for measuring blood haemoglobin

levels.

Measurement of serum cholesterol

Reliability of measurements.

Biological variation.

Procedure for measuring blood cholesterol

levels.

contents-3

141

141

145

148

152

155

157

158

158

159

160

161

162

164

166

172

173

174

175

176

179



-0.0.

3.1.0.

3.1.1.

3.2.0.

3.2.1.

3.2.2.

3.3.0.

3.3.6.

3.3.7.

Results:Sampling.

Questionnaire: baseline data of child and
child’s family.

Summary.

Discussion.

Conclusion.

Results:Growth.

Results: Anthropometric measurements.
Growth model analysis.

Comparison of anthropometric measurements
with standards.

Discussilion.

Conclusion.

Results:Nutritional intake.

Estimation of BMR.

Macronutrient Intake.

Intake of minerals.

Fat-soluble vitamins.

Water-soluble vitamins.

Duration of vegetarian status of child.
and vegetarian status of mother.

Effect of sex on nutrient intake.

Effect of social class on nutrient intake.

contents-4

180

181

183

195

196

199

201

203

207

209

217

223

224

227

227

231

232

233

236

239

242



3.4.7.

3.4.8.

3.4.9.

3.4.10.

3.5.0.

3.6.0.

3.6.1.

3.6.2.

Correlation between weight of meat consumed

and nutrient intake.

Discussion.

Conclusion.

Results:Food intake.

Main food sources of: Energy.

Discussion.

Conclusion.

Fat.

Protein.

NSP.

sSsugars.

Minerals.

Fat-soluble vitamins.

Water-soluble vitamins.

Results:Heart rates of Végetarian children

compared with omnivores.

Discussion.

Conclusion.

Results:Comparison of haemoglobin and

244

245

255

256

259

261

263

264

266

267

270

271

275

278

280

284

287

288

cholesterol levels of vegetarians with omnivores.

Discussion.

Conclusion.

contents-5

292

301



3.7.0.

3.7.1.

3.8.0.
3.8.1.
3‘8.2‘

3.8.3.0.

3.8.3.1.
3.8.3.2.
3.8.3.3.
3.8.3.4.
3.8.3.5.
3.8.3.6.

3.8.3.7.

3.9.0.

3.10.0

Dietary advice.

Current trends in food consumption
influences on food choice.

Current dietary recommendations.

Summary.

Dietary advice for children.

Summary of dietary advice for

vegetarian children.

Final Discussion.

Discussion of methods.

Discussion of results.

Recommendations to address implications

Oof results for:

Government

Health Professionals

Food Industry

Media

Schools

Parents and children

Vegetarian Socilety

CONCIL.US TON

Research needs.

OG

contents-6

302

303

310

315

316

319

326

327

331

334

334

337

339

340

341

342

342

344

345

347



2.0.0.

APPENDICES

Appendix A

Appendilx

Appendilx

Appendix

Appendix

Appendix

Appendlx

Appendilx

AppendiX

Appendlx

Appendi1x

AppendiX

AppendilXx

Appendlx

Summary- Dietary studies

of vegetarian children

Summary- Anthropometric

studies of vegetarian children

Baseline Questionnalre

Regional standard deviation

scores for height

Pilot Study- Anthropometric
measurements

Consent forms
Photograph- food models
Table of preliminary results

Photograph of sports tester
Graph of heart-rate profile

Pilot study- Haemoglobin
and cholesterol measurements

Cholesterol measurements

summary of "cut-off" levels

Anthropometric measurements

model analysis
Feedback questionnailre

Booklet of dietary advice

contents-7

427

A-AS

B-B5

C-C7

D-D1

E-E5

K~-K2

L-L2

M-M3

N—-N4



1 .0.0. Introduction.



1.1.0. The Historical Development of the Vegetarian Diet.

A vegetarian diet is an ancient concept; throughout history
various types of vegetarian diet and 1lifestyle have been
advocated. It 1is therefore unfortunate that publications
concerning the  history of vegetarianism are sparse}.
Nevertheless, 1in an excellent account of the history of
vegetarianism, Spencer (1994) recounts how early some of the
reasons given today for following a vegetarian diet were
conceived. Nowadays a vegetarian diet 1s followed mainly for
religious reasons or because of concern for animal welfare, for
the environment or for health. For many vegetarians their diet
is part of a lifestyle that may differ markedly from that of
omnivores and may eﬁbrace religious ideas or health attitudes
that are socially different. A brief examination of the
development of the vegetarian diet may give a greater ihsight
into beliefs held by vegetarians and indeed enable appropriate

factors to be considered when giving dietary advice.

In the 6th Century B.C, Pythagoras proposed the theory that the

soul was destined to a series of several re-incarnations
(metempsychosis). The "Pythagorean" diet, which was near-vegan
in its strictest form, followed from this theory (Spencer,
1994). It is apparent that even at this time, degrees of
adherence to the Pythagorean diet—existed. Pythagoras had two
classes of followers, the inner circle of scientists who
followed the most restricted diet (consisting of bread, honey,
cereals, fruits and some vegetables), and the outer circle who

1jistened to esoteric teachings and were allowed to eat flesh

The Pythagorean diet was banned in Rome, where the huge Empire
in a state of growth was insecure, whilst in the smaller Greek
<tates there was a more amenable response to the Pythagorean

diet (Spencer, 1994). Meat however played an important part 1in

the diet of the Greeks and was associated with strength. The




Greeks classified food according to three groups: strong,

medium and weak. The strength of the meat was associated with
the size of the animal; the larger the animal the stronger the
meat (Riddell, 1931). The Greek athletes had diets composed of

gargantuan quantities of meat and the Greek concept of meat for

performance persisted for many centuries (Nieman, 1989). For
poor Greeks meat was a rarity except at religious sacrifice and
feasting. The priest would divide the sacrificed carcase into
three, one third for the gods, one third for the priest himself
and one third for the donors. Only the rich Greeks could eat
meat without waiting for a sacrificial occasion (Tannahill,
1988). Particularly for the poorer Greeks, vegetarianism for
economic reasons may have appeared to be an essential
alternative diet. It is notable that even in these early times
vegetarians met with hostility which continues today. This may
be associated with the fact that the adoption of a vegetarian
diet may be indicative of a radical thinker, whose criticism of
society may be seen as a threat by omnivores. Tremolieres
(1975), suggests that " to change eating habits 1s to change
the type of a society". Nowadays, where financial loss has

occurred as a result of a reduction in meat consumption,

unpopularity of vegetarians may also occur.

With the fall of the ancient culture 1n the West, the
vegetarian idea virtually disappeared, except in the orders of
the Ccatholic church. The Rule of St. Benedict required that all
monks except the weak and the sick abstain from meat. This
suggests that reservations about the adequacy of a vegetarian
diet were present three centuries ago. The Trappist order,
developed in the 17th century from the Cistercian monks, was
most faithful to the original rule (Hardinge and Crooks, 1964).
In the East, at about the time of Pythagoras, vegetarianism
became central to the Hindu, Buddhist, and later the Sikh
religions (Spencer, 1994) . This followed logically from the
idea of reincarnation which was an important belief 1in all
these religions (Hardinge and Crooks, 1964). Nevertheless,

important here is the distinction between the reactions of the




East and of the West towards the i1dea of vegetarianism. In the
East where the Brahmin priests of the Hindu religion followed
strict vegetarian diets, those who ate meat were looked down
upon. The vegetarian diet was seen as an act of denial and
perhaps because of that its adherents were respected. Therefore
in the East unlike in the West vegetarianism was not regarded
as a threat to society. Today the popularity of the vegetarian
diet continues throughout India with 83% of the population
following a vegetarian diet (Spencer, 1994) and many milgrants

to Britain continue to follow this diet.

In early times a vegetarian diet was followed on the basis of
individual ideas; links between health and vegetarianism were

however suggested, the first Greek who related a vegetarian
diet to health being Plutarch. In his rules for the

preservation of health (Cherhiss and Helmbold, 1976):

"Tndigestion is to be feared after flesh-eating for 1t very
soon clogs us and leaves ill consequences behind it. It would

be best to accustom oneself to eat no flesh at all, for the
earth affords plenty enough of things fit not only for

nourishment but for delight and joy".

In the 16th century Sir Thomas More in his Utopia (1516) was
one of the first to draw attention to the fact that vast

amounts of land are necessary for the rearing of livestock

(Spencer, 1994):

" They enclose all into pasture, they throw down the houses,

they pluck down the towns -and leave nothing standing, but only
+he church to be made a sheep house; and as though you lost no

small quantity of ground by forests, chases, lands and parks.."

This observation was the basis for many arguments given by
Lappé (1982) in her book "Diet for a Small planet", and 1s

reiterated by many as a reason for following a vegetarian diet

today. In the 17th century, vegetarianism in England rose 1n




popularity and has continued to grow until the present day
(Spencer, 1994). Thomas Tyron (1634-1703) had an important
influence on vegetarianism (Whorton, 1994). Physical wellbeing

was a concern of Tyron and vegetarian moralists of his time
(Spencer, 1994):

"Most men will, in words, confess that there is no blessing
this world affords comparable to health. Yet rarely do any of
them value it as they ought to do till they feel the want of

i1t".

Tyron justified the vegetarian diet primarily with biblical
references saying that it was the original diet prescribed by
God (in Genesis 1:29) and he also raised objections to the
cruel exploitation of "fellow creatures" (Whorton, 1994). Tyron
also proposed the argument that because meat rots so quickly
outside the body it will incite internal putrefaction if taken
into the body. The Founder of the Society for the Prevention of

Cruelty to Animals, Lewis Gompertz, held similar views to Tyron

(Spencer, 1994).

In the 17th century Henry Moore (1653) considered that cattle
and sheep were only given life in the first place so that their
meat could be kept fresh "till we have to eat them" (Spencer,
1994). As today advocates of a vegetarian diet are challenged,
for example, by the "Meat to Live" campaign of the Meat and
Livestock commission, vegetarians in the 17th century did not
go unchallenged. Meat has traditionally been symbolic of wealth
in England, and during this century an increase 1in affluence
fuelled an increase in meat consumption. It was not uncommon
for 7-8 meat dishes to be consumed at one meal time (Spencer,
1994). Obesity became a major problem for the wealthy, and a

vegetarian diet for the successful treatment of obesity was

first demonstrated by Dr. Cheyne, a physician, who at 32 stone
went on to a strict diet of milk and vegetables and his health

problems disappeared (Spencer, 1994).



In the 18th century opposition to vivisection was emerging and
writers of this time wrote passionately about the subject and
ln many ways this laid the foundation for new humanism. The
first major title to come out of this movement was "The Cry of
Nature" by John Oswald (1730-1793) (Whorton, 1994). It was not
only the humanists that had some 1influence but also the
dietitians (Spencer, 1994). The London Physician, William
Lambe, (1765-1847) adopted a vegetarian diet in an attempt to
cure his health problems. Lambe reports some of the problems he
encountered when changing to a vegetarian diet: "the only
unpleasant consequence of the change was a sense of emptiness

in the stomach, which continued many months"; in about a year
however he became fully reconciled to the new habit. Lambe

began to use the diét as a cure for patients ill with cancer.

An examination of the relatively few accounts of the history of
vegetarianism reveals that 1little reference 1s made to

children. Nevertheless it 1is apparent from Spencer’s account
that Lambe also felt a vegetarian diet appropriate for children

and indeed seems to have suggested that a vegetarian diet might

be beneficial over an omnivorous diet for health:

"T am well acquainted with a family of young children who have

scarcely ever touched animal food,... for clearness and beauty
of complexion, muscular strength, fulness of habit free from

grossness, hardiness, healthiness and ripeness of 1intellect

these children are unparalled".

The vegetarian diet received further acceptance from some

Doctors such as John Abernethy writing in "Surgical

Observations on Tumours" (1804), "it appears certain i1n general

that the body can be perfectly nourished by vegetables" (cited
by Spencer, 1994).

The agricultural revolution at the beginning of the 18th
century initially caused an increase in the availability of

vegetables. Each town had its own market garden and this



supplied the town markets with fruit and vegetables.

Interestingly in Liverpool, a vegetable market grew up because
Of an influx of French Canadians who wanted cheap vegetables

for their soup. Potatoes became the staple, particularly for
the poor in the North, whilst carrots, cabbage and turnips were
also eaten in the South. Some cauliflowers, parsnips, peas,
beans and celery were grown but 1little else. 1In the
countryside, people were entitled to a strip of land on which
they were allowed to grow their own vegetables. The four
hundred enclosures acts which took place in the period 1760-
1820 (Evans, 1983), resulted in a loss of common land, and a
decline in vegetable consumption and in nutritional intake,
particularly of the poor, followed. Hence it seems that only
those who were sufficiently rich would have been able to opt
for a vegetarian diet, whilst the poor would have eaten
anything simply to survive.

Vegetarians began to congregate in 1809 in Manchester, when the
Bible Christian church led by Reverend William Cowherd agreed
to abstain from flesh foods and alcohol. The first conference
on vegetarianism was held at Ramsgate in 1847 during which the
Vegetarian Society was formed; its first annual meeting was
held in Manchester in 1848. The aversion of many people to
slaughterhouses today stems from Victorian times - when
urbanisation resulted in people moving into towns and away from
the countryside and animals. Spencer (1995) suggests that
people became over-sentimental about animals and because of

this the Vegetarian society grew up in the heart of factories
in Manchester, where they were far from the land. By the middle
of the 19th century moves, Wwere being made to move
slaughterhouses towards the edge of towns, as people wanted to
enjoy meat without seeing how the animal arrived on their
plates (Spencer, 1994). 1In America the popularity of the

vegetarian diet was largely influenced by Sylvesta Graham
(1794-1851). He was an avid health reformer, particularly noted

for his promotion of wholemeal flour. He denounced foods that
he thought ‘stimulating’, since according to Graham excessive




‘stimulation’ was the root of all evil and this theory formed
the basis at this time for most arguments for avoliding meat
(Whorton, 1994). He argued that as white flour was more
concentrated it must be more stimulating. He maintained that a

strictly vegetarian diet with only water was the most

satisfactory for promoting health, strength and longevity
(McCollum, 1957).

By 1860, 1n both America and England vegetarian societies were
established and by 1890 there were 34 vegetarian restaurants in
London (Spencer, 1994). The scilentific basis for vegetarianism
was altered considerably by John Harvey Kellogg. In America he
established Battle Creek Sanitarium, the most famous health
institution of its time. As part of the Sanitarium’s dietary
program, Kellogg created an assortment of meat substitutes and
other vegetarian health foods, including the breakfast cereals
which acquired the family name. Kellogg’s theory was that high
protein foods encouraged the activity and production of
bacteria that acted upon undigested protein and poisoned the
body. He suggested that 1low-fibre diets exacerbated this
problem as the longer the food was in the gut the greater the

time that was available for the microbes to act on undigested

protein. He was a Keen promoter of high fibre diets (Whorton,

1994).

In the mid-1800s, the chemist Leibig promoted the concept that
energy for all muscular movement was produced by the oxidation
of protein. It was accepted by nutritionists of the time that
the customary (high protein) diet of heavy labourers was a
physical necessity (Neiman, 1988). The medical profession as a
whole ridiculed the new ideas on vegetarianism and Leibig’s
work greatly strengthened the opposition of doctors to
vegetarianism (Drummond and Wibrahan, 1958). Because the
typical meatless diet was thought to contain insufficient
quantities of protein, vegetarians were theoretically i1ncapable
of prolonged exercise. A heavy meat diet was advocated by some
athletes in the early 1800s. For example, Captain Tobert



Barclay, who gained considerable fame by walking 1000 miles in
1000 successive hours in 1809, lived during this period almost
entirely on beef or mutton, consuming from 5-6lbs daily
(Drummond and Wibrahan, 1958). Leibig’s theory was refuted in
1866 by Frankland who discovered that carbohydrates and fatty
aclds were the major fuels of muscular activity (McCollum,
1957). Leibig’s writings however, had a continuing impact well
into the 20th century (Neiman, 1988).

In the early 1880’s the vegetarian cycling club was formed 1in
London, some of its members holding world records. Dr. Allinson
devised dietary recommendations for vegetarians and he believed
that vegetarian diets were the best foods for athletes
(Spencer, 1994). Vegetarians in the second half of the 19th
century endeavoured to prove through excellence 1n endurance
exercise the superiority of the plant-based diet. Records were
set by vegetarian long-distance walkers, runners, tennis

players, swimmers and other athletes (Neiman, 1988).

In 1863 the first ever food inquiry undertaken in Britaln was
conducted by Dr. Edward Smith on behalf of the Medical Officer

of the Privy Council. His inquiry covered the food of the "poor
labouring classes", and examined the families of 370 English

labourers from all parts of the country. It was concluded that
although agricultural labourers as a class were not badly fed,
their wives and children frequently were, as the lion’s share
of the food went to the bread winner. It appears that it was
accepted at that time that men should eat meat whilst theilr

wives and children went without. Smith remarked (Burnett,

1968):

" The important practical fact is, however, well established,

that the labourer eats meat and bacon almost daily whilst his

wife and children may eat it but once a week."

The tendency for males to consume more meat than females
persists today. In a study of the distribution of foods within



the family Nelson (1986) reports that men habitually consume
more than their "falr share" of meat. This association of males
throughout history with meat may be a factor involved in

explaining why fewer men than women adopt a vegetarian
lifestyle today.

At the beginning of the 20th century, a few basic scientific
studies compared the efficiency of vegetarian athletes compared
with omnivores. In 1904 Schouteden set up an experiment to
examine the ability of 25 students to lift a weight over a
pulley by contracting a handle. His report showed that
vegetarians had greater endurance; the number of contractions
was 69 for vegetarians and 38 for meat-eaters (McCollum, 1957).
Findings reported bﬂr Irving Fisher in Yale and by Kellogg at
the Battle Creek Sanitarium agreed also that the endurance of

vegetarian athletes was greater than that of omnivores.

Hardinge and Crooks (1964) suggest that the period between
World Wars -I and II is a time during which vegetarianism lost

much of the stigma of "cultism" and advanced on a more

scientific basis.

By the beginning of the 20th century a number of considerable
advances in nutritional research had been made; these included
the energy balance studies by Atv;rater and Benedict (Garrow,
1974) and the discovery of vitamins, with McCollum (c.1923) a
pioneer in this field (Whorton, 1994). The years of the First
Wworld War like those of the second World War produced a variety
of nutritional problems. The 1914-1918 war provided the first
occasion in history when the scientist was 1in a position to
study such problems by precise methods and to offer advice on
their solution. In the last few months of World War I, civil
rationing began. Meat was rationed to three quarters of a pound
each week per person. In order to enable economical cooking
without meat, vegetarians publicised vegetarian recipes. When
Wworld war II broke out in 1939, sufficient scientific, medical

and economic facts were available to make it possible to apply

10



from the outset the accumulated knowledge of the previous

forty years (Drummond and Wibrahan, 1958). The development of
nutritional science was propelled by national danger. The
recognition of the scientific basis of nutrition and the
importance of fruit and vegetables changed sl ightly the way in
which a vegetarian diet was viewed. The introduction of food
rationing in World War II resulted in the need to depend more
heavily on vegetables, especially those which people could grow
themselves. The Food Advice Division of the Ministry of Food
gave detalled dietary advice promoting the use of vegetables in
cookling (Spencer, 1994). This 1is perhaps the most intensive
nutrition education programme ever instigated by Government.
The 1lack of food 1n general meant that people had no
alternative to eating vegetables; this somewhat mars the
ability to evaluate the effectiveness of this government

nutrition education programme. It is generally agreed that

rationing was very successful.

In 1944 the Vegan Sociliety was formed, 1ts members having broken
away from the main vegetarian sociliety because 1t refused to
publicise the vegan view (Spencer, 1994). "Animal Machine" by
Ruth Harrison published in 1960, was the first publication to
draw attention to methods of livestock rearing and incited the
animal rights campaigners who continue to fight for their cause
today. Another key development was the publication in 1975 of
John Singer’s book "Animal liberation". This book shocked many
people, with its account of the mistreatment of animals 1n

modern factory farms and laboratories (Amato and Partridge,

1989).

Amongst other vegetarian religions practised in Britailn at the
beginning of the 20th century was Seventh-Day Adventism. It was
believed that changing the day of rest from Sunday to Saturday
and abstaining from meat, coffee, tobacco, tea and alcohol
would bring a second coming of Christ closer in time. Led by

James Ellen White the movement first arrived in England 1in 1848
(Spencer, 1994). The influence of the Seventh-Day Adventist

11



religion in America has had a considerable impact recently on

the scientific basis for following a vegetarian diet, with much
research focusing on this group.

The vegetarian diet has been frequently attacked by members of
the medical profession as being deleterious to health. In 1878
a paragraph in the British Medical Journal suggested that
vegetarian diets resulted in chalky deposits in the arteries
which were responsible for premature aging (Spencer, 1994).
Indeed the Trappist monks (a vegetarian sect) were reported to
"very soon show arterial degeneration". Today, over a century

later, medical opinion has shifted. The medical profession
accepts that fruit and vegetables are beneficial to health, and

is actively encouraging the consumption of more fruit and
vegetables. This profession, however, continues to assert that
there is insufficient scientific evidence to accept that a
vegetarian diet brings about a reduction in the 1incidence of

chronic disease, contrary to the opinion of members of the
vegetarian society.

1.1.1. Definition of a "vegetarian®™ diet.

The "Pythagorean" diet was renamed the "vegetarian" in 1847 by

the newly formed Vegetarian society. Considerable confusion is
caused by the numerous definitions of a "vegetarian" diet.

None is universally accepted, as vegetarian dietary patterns
vary widely. To overcome this problem various types of

vegetarian diet have been identified:

Vegan: avoids all foods of animal origin.
Lacto-vegetarian:excludes all "flesh foods”, includes dailry

products.
Lacto-ovo-vegetarian (LOV): excludes all flesh foods, includes

milk and eggs.

Other types of dietary restriction such as "red-meat" avoider,
moderate vegetarian, demi-vegetarian and pesco-vegetarian

12



(includes fish) have also been introduced. Macrobiotics follow
a mainly vegetarian diet but may eat meat and fish if hunted or
wlld. They avold processed foods and solanaceae species (potato
and nightshade genus) and consume minimal millk products. In
studies of Seventh-Day Adventists, vegetarlians have been
defined as those who consume meat or fish less than once a week
(Armstrong et al, 1979b). Lay definitions differ further from
scientific definitions, due to differing perceptions of the
foods considered to be meat. An individuals’ adherence to a
vegetarian diet also varies over time. A number of factors
therefore contribute to the confusion of definition. To
overcome this problem it 1is important that studies of
vegetarians clearly explain definitions used. In the present
study the term "vegetarian" will be used to describe a diet
that may include dairy products, eggs and possibly fish but no
other flesh or flesh foods.

It is surprising that a number of present day arguments
proposed for following a vegetarian diet were established
nearly two thousand years ago, and yet still continue to be
controversial and the subject of study. The role of meat has
clearly varied over historical time; as cultural norms have
shifted so vegetarianism has been viewed 1n various different
lights. Meat has been associated with strength, power, wealth
and intellect and vegetarianism with weakness, religion,
radical thinking, pacifism and poverty. Sclence has been
clouded by other factors including religion and culture. This
brief discussion has 1 identified how science and opinions
regarding the vegetarian diet became entangled and how

difficult it now is to study the scientific basis alone for

following such a diet.
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1.2.0.

The Health Aspects of Vegetarianism.

Many studies of the health of vegetarians have been conducted
and claims of benefits to health have been used to promote
vegetarianism. Dietary 1nadequacies have, however, also been
identified and these have caused concern. A definitive study of
the effect of following a vegetarian diet has yet to be carried
out. All the studies so far conducted are limited to some

extent; diet effects are hopelessly confused with lifestyle and

other factors.
Coronary Heart Disease.

Vegetarians have been found to have a lower mortality and

morbidity from coronary heart disease (CHD) than omnivores
(Philips et al, 1980). In particular a longitudinal study of
25,1563 Seventh-Day Adventists (SDA) established a ‘dose
response ’ effect between meat consumption and deaths from CHD;
45-65 year-old omnivores had 3 times the risk of vegetarians
(Snowdon et al, 1984). This difference was not apparent in
women until 55 years of age, after which the dose response
effect was again statistically significant. This church
advocates that its members lead health-orientated lifestyles
and abstain from alcohol, meat and caffeine (Beeson, 1989)
(although not all members adhere #strictly to this rule). It
seems likely that meat consumption may have been a surrogate
for lifestyle or nutrient differences that may be influencing

mortality from coronary heart disease.

Norwegian SDA have been reported to have lower cholesterol

levels (0.86mmol/1 men; 0.48mmol/l women) and lower total "all

cause mortality" only in men (SMR=82) (Fonnebo, 1994). Agailn
the protective non-diet related factors (including affiliation

to a religious group, abstinence from alcohol and smoking),
associated with the health orientated lifestyle of the SDA
(Beeson et al, 1989) may have contributed to the lower

cholesterol levels of the SDA vegetarians.
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In an 11 year study of German vegetarians, both duration of a
vegetarian diet (>20 years) and a moderate adherence (LOV
eating meat or fish occasionally) to a vegetarian diet were
associated with a reduction in all cause mortality by a factor
of 0.71. Compared with low levels of physical activity, high
and moderate levels were associated with only half the
mortality from cardiovascular disease. A vegetarian diet,
however, was not associated with a reduced risk of

cardiovascular disease (Chang-Claude and Frentzel-Beyme, 1993)

British vegetarians have also been found to have a lower

mortality from CHD (Burr and Butland, 1988). A difficulty in
conducting population based studies 1is to control for non-

specific effects of healthy or unhealthy 1living. Some
vegetarian dgroups may refuse to allow their children be
vaccinated or take vitamin and mineral supplements (Jacobs and
Dwyer, 1988). Burr attempted to overcome this problem by taking
all his subjects from those who patronised health food shops,
thereby assuming both groups would live a relatively health
orientated lifestyle. Nevertheless, the fact that health food
shops vary enormously, from chain stores to co-operatively run
shops, suggests that clientele will also vary. Therefore the
control of health orientated life-style factors in Burr’s study
is questionable. Burr concluded that the vegetarians were also
leaner and had 1lower serum cholesterol 1levels than the
omnivores. It has been established for some years that adult

vegetarians have lower cholesterol levels than non-vegetarians

(West and Hayes, 1968). These findings may be borne out Dby
another British study (Thorogood et al, 1987) which suggested
a 24% lower incidence of heart-disease in "lifelong" °
vegetarians compared with non-vegetarians. Unfortunately 1n
this study ‘lifelong’ was not defined, so 1t 1s unclear how

much of the reduced incidence of heart disease 1s solely due to

e

1 amongst Hindus some omnivorous mothers adopt a vegetarian
iet for the period of pregnancy to ensure that their child has

he chance to become a lifelong vegetarian.
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following a vegetarian diet.

In the most comprehensive study to date of British vegetarians,
the mortality of 5927 vegetarians was recorded for 12 vyears.
The death rate ratio in vegetarians from ischaemic heart
disease, adjusted for the effects of smoking, body mass index
and socioeconomic status, was 0.72 (CI 0.47 to 1.1) (Thorogood
et al, 1994). Although mortality appears to be lower for
vegetarians compared with omnivores, Thorogood (1994) comments
that because the confidence 1interval 1is wide no firm

conclusions can be made about deaths from ischaemic heart
disease.

Reports of lower cholesterol 1levels in vegetarians have not
been confined to the West. Thai Buddhist vegetarians have been
reported to have lower cholesterol levels and higher ratios of
apolipoprotein A-I/apolipoprotein B compared with medical
students (Pan et al, 1993). Studies of another non-vegetarian
religious group, the Mormons, suggest that lifestyle factors
other than diet contribute to the lower mortality from cancer
of this group (Enstrom, 1989). Although the Buddhist subjects
and medical students reported similar amounts of activity and
sleep it is likely that different factors associated with being
actively involved in a religious group (for example, lower
levels of stress), could have caused the lower cholesterol
levels of the Buddhists. It is therefore inappropriate to
compare religious vegetarians with non-religious omnivores;
protective effects appear to be conferred by being actively
involved in a religious group. Because of this bias it is not
surprising that Seventh-day Adventist vegetarians also appear
to be "healthier™ than lay omnivores.

The cholesterol-lowering effect of a prescribed low fat diet,
in which 60% of the protein was derived from plant sources, was
compared with the effect of a prescribed diet where the protein

was from animal sources (Kestin et al, 1989). The lacto-ovo
vegetarian diet had a significantly greater cholesterol
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lowering effect (10% decrease), than the omnivorous diet (5%

decrease). The LOV and omnivorous low fat diets had similar
amounts of macronutrients and fibre; no reference was made to

the amount of anti-oxidant vitamins, which might be expected to
be higher in the vegetarian diet. In this study subjea:s were
given menus and detailed information about the diet to be
followed. It is likely that bias may have been introduced to
the results by subjects themselves recording food intake, as
they possibly felt that they needed to show adherence to the
prescribed diet. A low fat vegetarian diet (10% energy), has
been shown to reverse atherosclerosis (Ornish et al, 1990D).
With these two studies it i1s impossible to determine whether
the beneficial effects on health are a result of simply
avoilding meat or due to some other attribute of the vegetarian

diet perhaps associated with an increased consumption of
vegetables.

The cholesterol-lowering effect of a vegetarian diet has also
been reported in children. A study of 12-17 year SDA Australian
children (Ruys and Hickie, 1976) found that the vegetarian
group had a mean cholesterol level 23% lower than that of non-
vegetarian adolescents in the general population. This effect
has also been reported in American SDA children aged 10-19
years (Cooper et al, 1984). The drawback with both of these
studies is the use of a control group from the general
population, whilst SDA 1live relatively health orientated
lifestyles. Thus many other factors (for example, reduced
activity levels, increased exposure to passive smoking) may
have acted alone or synergistically and possibly contributed
to the raised cholesterol levels of the non-vegetarian group.

Hypertension.

The blood pressure of SDA vegetarlians (aged 25-44 years) was
found to be lower than that of age and sex matched Mormons in
western Australia (Rouse et al, 1983a). The whole distribution
of blood pressure was shifted to the left in the vegetarian
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population so that the prevalence of mild hypertension was only
2% 1n the vegetarians compared with 10% in the Mormons. It was
assumed that diet was the main factor influencing blood
pressure; sodium intake did not account for the differences. In
controlled trials of normotensive (Rous;‘ et al, 1983b) and
hypertensive subjects (Margetts et al, 1986), within 6 weeks of
adopting a vegetarian diet a reduction in blood pressure of

approximately 5-6mmHg systolic pressure occurred.

Vegetarians have consistently been found to have lower blood
pressure than non-vegetarians (Sacks et al 1975; Armstrong et
al, 1979a), with no difference 1n sodium intake between the two
groups. It was suggested that the difference in blood pressure
might be due to the higher fibre intake of the vegetarians.
Silman (1980), however found no association between fibre

intake and blood pressure. In a study of 98 vegetarians matched
with omnivores for weight (Ophir et al, 1983), the vegetarians

again exhibited a lower blood pressure. A positive association
was found between potassium excretion and blood pressure,

although no difference in sodium intake or excretion was
apparent. It was postulated that the high potassium intake of

the vegetarians conferred some protection against hypertension.
Oother controlled studies have examined the effect of a

combination of a high fibre and high P:S ratio (Sciarrone et
al, 1992) on blood pressure and found no hypotensive effect.

In a controlled trial examining the effect of a plant- as

opposed to an animal-protein diet on blood pressure, no
hypotensive effect was found (Prescott et al, 1988). In a study

of English vegetarians and omnivores who patronised health food
shops, ho consistent differences 1in blood pressure were found

(Burr et al, 1981). This suggests that simply avoiding meat
will not always directly lower blood pressure.

From an examination of the available data it is apparent that

those individuals who follow a vegetarian lifestyle may tend to
have lower blood pressure than omnivores. The lifestyle or
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nutrient factors that may account for this difference have not
been identified.

Obesity.

Obesity 1s associated with a number of chronic diseases: heart
disease, high blood pressure, diabetes, kidney and gallbladder

disease, gout and many cancers (Atkinson, 1991). The weights of

Caucaslan vegetarians tend to be closer to desirable levels
than those of the non-vegetarians (Burr et al, 1981; Levin et
al, 1986). Levin (1986) reported that despite having higher
energy 1ntakes vegetarians were leaner than omnivores. A
possible explanation for this is that they may follow

lifestyles which 1nclude more physical activity (there is no
evidence to substantiate this), and take greater voluntary
control of nutritional 1ntake. The precise mechanism ‘which
results 1n the tendency of vegetarians to be leaner has not
been established. If they consume a diet of high fibre, low fat
and high starch, it may be more difficult to overeat. It has
also been suggested that a vegetarian diet may be inconmpletely
digested (MacLean and Graham, 1980). Asian vegetarians are
distinct from Caucasian vegetarians in that they have a higher
incidence of central obesity and a higher mortality and

morbidity from CHD than the U.K population (Reddy and Sanders,
1992). This may be due to the greater insulin resistance which

has been found in Asians which has been suggested to contribute

to the central obesity and higher incidence of CHD generally

found in this group (Sevak et al, 1994).

Colon Cancer.

It has been suggested that the high fibre, low fat content of
the Chinese diet may account for the observation that the death

rate from colon cancer in China is 40% lower than that 1in the
U.S.A (Craig, 1991). In Adventists the standard mortality ratio

(SMR) has been found to be significantly lower for colon cancer
in men and women; SMR= 0.64 and 0.76 respectively (Mills et al,
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1994). In this study, SMR for all causes of cancer were lower
for those adventists between 40 and 80 years, although above 80
years the adventists had a higher incidence of cancer compared
with the control population. This suggests that a vegetarian
diet may- -in fact delay txf'ie onset of, rather than prevent,
cancer. In British vegetarians risk of colon cancer has been
found to be significantly 1less than that of omnivores
(SMR=0.61) (Thorogood et al, 1994). In a study of German
vegetarians (Frentzel-Beyme and Chang-Claude, 1994) a longer

period of vegetarianism (>20 years) and a moderate as opposed
to a strict diet were associated with a lower risk of all

causes o0f cancer (duration of diet Relative Risk=0.51;
vegetarian status Relative Risk=0.67). Epidemiological studies
of vegetarian populations seem to suggest a lower risk of
cancer compared with omnivores although, contrary to this
evidence, in a study of Norwegian SDA no difference 1in
incidence of gastrointestinal cancer was found (Fonnebo, 1994).
This suggests that protective nutritional and lifestyle factors
associated with being vegetarian may differ not only from
omnivores, but between vegetarian groups themselves.

The important role of meat consumption in the aetiology of
colon cancer was illustrated in a study of 90,000 middle-aged
women in Boston. Women who ate beef or lamb as a main dish
every day were found to have a risk of colon cancer 2.5 times
greater than those women who consumed meat less than once a
month (Willett et al, 1990). Meat consumption, however may be
a "marker" for other lifestyle factors e.g. affluence and/ or
other aspects of diet e.g low fibre. In a study of the
association between the vegetarian lifestyle and colon cancer
vegetarianism for over 20 years and lower body weight were
associated with a lower risk of colon cancer (Frentzel-Beyme
and Chang-Claude, 1994). It has been suggested that there is a

40% reduction in risk of colon cancer for people consuming
diets high in fibre and vegetables (Trock et al, 1990). In

Italy the risk of gastric cancer was found to be positively
associated with the consumption of nitrites and protein and

20



negatively associated with intake of ascorbic acid, beta-

carotene, alpha-tocopherol and vegetable fat; vitamins A and E

were suggested as being particularly protective against gastric

cancer. A number of anti-carcinogens in plant foods have been
discussed in more detail by Byers et al (1990).

Although the general consensus is that high fruit and vegetable
consumption is protective against colon cancer, and

colon cancer has been inconclusive.

Breast Cancer.

International comparisons (Tricopolous et al, 1984) suggest
that 1n countries where fat and protein intake (particularly
animal protein) are lower, there is a lower mortality from

breast cancer. Intra-national studies support this finding. A
study across China indicated a wide range in age standardised

mortality rates from breast cancer, with incidence in the worst
areas 24 times greater than those in the best. The areas of
worst incidence have a significantly higher proportion of fat
and animal protein 1n the diet than those areas where the
disease 1s less prevalent (Campbell and Junshi, 1994). SDA
vegetarians have a lower risk of breast cancer than meat-eaters
(Mills et al, 1989). Willett et al (1987b), however, found that
high to moderate intakes of fat were not associated with an

increased incidence of breast cancer. Mills et al (1989) also
found that vegetarian status and fat derived from animal

sources were not associated with risk of breast cancer in SDA
women. A case-controlled study of 451 women with breast cancer
found that a high fibre diet was associated with a reduced risk
of breast cancer (Baghurst and Rohan, 1994). This study
specifically examined the relationship between incidence of
cancer and fibre; fibre could have been a marker for other
dietary factors. Research to identify dietary factors that
contribute to breast cancer is inconclusive.
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Lung Cancer.

SDA  vegetarians and non-vegetarians rarely smoke. SDA
vegetarians have been found to have a lower incidence of lung
cancer than non-vegetarians (Kahn et al, 1984). Smoking is by
far the most important risk factor for this type of cancer and
1s likely to override any effect due to dietary differences. It
was observed 1n the "Western Electric" Study of Chicago that
those with the lowest intake of B-carotene had 7 times the
incidence of lung cancer than those with the highest intake
(Shekelle et al, 1981). B-carotene is an anti-oxidant and has
the ability to protect against oxidative damage of DNA that may
lead to tumour formation (Wolf, 1982). Fruit and vegetables are
rich sources of carotenoids and other anti-oxidants and this
may . partly explain why a 1low consumption of fruit and

vegetables is associated with an increased risk of many
cancers.

Gallstones.-

A study in England found that 25% of omnivorous women but only
12% of the vegetarian women had gallstones visible on
ultrasonography or had previously undergone cholecystectomy
(Pixley et al, 1985). The prevalence of gallstones 1increases
with age and Body Mass Index (BMI) . However, even when age and
BMI were controlled for, the omnivorous women had a relative
risk that was 1.9 times that of the vegetarians.

Obesity and high energy diets are the strongest risk factors
for cholesterol gallstones (Bennion and Grundy, 1975). The fact
that vegetarians are leaner and have a lower energy intake than
omnivores (Burr et al, 1981) may help explain the finding that
vegetarians have a reduced risk of gallstones. Vegetarians are
more likely to have a lower intake of fat, sugar and alcohol
and a higher 1intake of fibre; all are thought to decrease the

cholesterol saturation of bile and gallstones. Other factors
xnown to increase the risk of gallstones are oral contraceptive
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use and post-menopausal oestrogen therapy (Bennion and Grundy,
1975).

Osteoporosis.

The aetiology of osteoporosis is still inconclusive although
the development of the disease is thought to be related to a
balance between: (1) demineralization (2)calcium availability
and (3) peak bone mass fixed during adolescence. Other factors
that 1influence osteoporosis include 1lack of oestrogen,
corticosteroid use, family medical history, smoking, high

caffeine 1ntake and high alcohol intake (Tesar et al, 1992).

Post menopausal LOV women lost only half as much bone mineral

mass as a simlilar group of non-vegetarian women (Marsh et al,
1980). In this study the vegetarian women were SDA and it was
required that they had been vegetarian for a minimum of 10
years before entry into the study. Hence many other lifestyle
differences and the previous dietary habits of the adventist

women could have accounted for differences 1n loss of bone

mineral mass. No difference 1in cortical and trabeculae bone

density was found in postmenopausal LOV women compared with
omnivores (Tesar et al, 1992) and no difference in bone density
was found in a study comparing postmenopausal SDA vegetarilian
women with omnivores (Hunt et al, 1989). In a study of elderly
vegetarians (mean age 81 years), compared with omnivores, no

difference in rate of loss of bone mineral was found, but it

was positively associated with loss of lean body mass (Reed et

al, 1994).

Urinary calcium losses are partly related to the sulphur amino

acid content of dietary protein. It is thought that high

concentrations of sulphate ions cause reduced renal absorption

of calcium and increased urinary calcium losses. Legumes are

ljow in the sulphur containing amlno aclids such as methionine,

in contrast to animal proteins. As both groups (Marsh et al,
1980) consumed similar amounts of calcium, the high sulphur and
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high phosphorous content of the non-vegetarian diet was
suggested as the cause of the difference in bone density
between the two groups. Optimal calcium absorption occurs when
the Ca:P ratio is 1:1; many foods are low in calcium and high
in phosphorous, although green leafy vegetables have a high
Ca:P ratio. Studies have shown that when calcium and
phosphorous 1ntakes are low, protein may produce a negative
calcium balance by 1increasing urinary 1losses of calciunmn.
Average calcium losses on a high protein (123g) diet have been
shown to be twice as high as losses on a low protein (46g) diet
(Hegsted and Linkswiler, 1981). When protein intake 1is
increased the glomerular filtration rate is increased, causing
the filtered load of calcium to 1increase. It should be noted

that as meat is high in protein and phosphorous, when intakes
of meat are high the hypercalciuretic effect of protein acts

synergistically with the hypocalciuretic effect of phosphorous,

hence no net difference in calcium balance 1s found.

When the female fracture rates from 34 published studies from

16 countries were regressed against estimates of protein

intake, a strong positive association was found between risk of
hip fracture and protein intake (Abelow et al, 1992).
controlled studies suggest that when phosphorous intakes are
low, high protein diets may 1ncrease bone mineral 1loss.
Logically it would be expected that vegetarians, who typically

consume a low protein diet, may have higher bone mineral

density compared with omnivores. There is however, little

evidence to support this; the fact that diets high 1in meat are

normally high in phosphorous may prevent abnormally high losses

of calciunmnm.

Menstrual Differences.

Menstrual irregularity has been reported as being more common

in those who consume a vedetarian diet (Pedersen et al, 1991).

Menstrual regularity was negatively associated with an

increased fibre intake and positively with an increased protein
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and cholesterol intake. A major drawback with this study is
that subjects were asked to self-report menstrual cycle and all
other health related information. Subjects were recruited via
SDA newsletters and by local newspaper advertisements. Detail
1s not given as to how many of the women were SDA. Results
indicated that the non-vegetarian group had more exercise: this
l1s perhaps contrary to the theory that vegetarians are more

adherent to non-dietary health related behaviour, but could

have been due to incorrect reporting by subijects.

A low fat diet (20% energy derived from fat) in a controlled
trial resulted in an increase in the length of the follicular
phase of the menstrual cycle (Reichman et al, 1992). In this

study, although the P:S ratio was constant for both diets, the
saturated fat intake was greater 1n the group that showed

menstrual regularity. Hence, in view of Pedersen’s findings,
the increased cholesterol intake rather than increased total

fat intake may have accounted for the menstrual regularity
apparent in the diet where 40% of energy was derived from fat.

However, the cholesterol content of neither diet 1s given.

It has been found that vegetarians have reduced circulating

levels of oestrogen, due to inhibition of the aromatase enzyme

necessary for peripheral oestrogen formation (Woods et al,

1989). It has been suggested that dietary sources of lignin and

phytoestrogens may be partly responsible for these differences,

possibly due to some mechanism involving binding oestrogen

(Pedersen et al, 1991). This suggests that vegetarians would

have a reduced risk of breast cancer but also 1ncreased

menstrual irregularity.

Research measuring the follicular and luteal 1levels of the

adrenal androgen, dehydroepiandrosterone sulphate (DHA) has

suggested high levels of DHA in vegetarian women (Persky et al,
1992). Low levels of DHA have been found in patients suffering

from breast cancer and those at risk with a family history of

breast cancer. NO relationship has been found between nutrients
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and DHA levels, implying that a vegetarian diet is unlikely to

contribute to reducing risk of breast cancer by increasing DHA
levels.

~~“‘\
Pregnancy.

Children of SDA mothers were found to be 0.99kg heavier at
birth than matched controls (Fonnebo, 1994). A significant
difference in numbers of smokers between the two groups may
account for this difference (daily smokers= 10.4% SDA and 44.4%
controls). It has recently been suggested that low birth weight
may be associated with an increased risk of coronary heart
disease in adult life (Barker et al, 1993a). This suggests that
genetic or intra-uterine growth may have some Dbeneficial
effect on health of SDA in later life. Contrary to this health
benefit, lower birth weights have been reported for Caucasian
macrobliotics and vegans (Sanders and Reddy, 1992) and Hindu
vegetarians (Reddy et al, 1994).

Rickets and Osteomalacia.

A number of causative factors have been identified for rickets.
These include: (1) a low concentration of vitamin D 1in a
mother’s breast milk which is insufficient to prevent rickets
in her infant; (2) low dietary intake of vitamin D; (3) high
intakes of fibre; (4) low calcium intakes exacerbating the
effect of a low vitamin D intake, and (5) low exposure to

sunlight.

It has been suggested that vegetarian children who consume no
foods of animal origin or foods rich in vitamin D appear to be
predisposed to rickets (Dwyer et al, 1979). In the Netherlands
macrobiotic children were reported to have a high i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>