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ABSTRACT

Serum fatty acid levels are analyzed for ten lead female 

lacto-ovo-vegetarians living in Southeast Arizona. Lipid analyses 

including total serum lipids, triglycerides, cholesterol, alpha, beta, 

and pre-beta lipoproteins are made in addition to total serum protein, 

albumin, hemoglobin, hematocrit, albumin-globulin ratio, vitamin C, 

vitamin A, carotene, glucose, total iron, iron-binding capacity, and 

iron saturation. These determinations are compared to five lead 
female non-vegetarian subjects used as controls.

The lacto-ovo-vegetarian subjects' serum determinations are 

not significantly different than those of the non-vegetarians. It is 

assumed that all subjects are healthy and that the lacto-ovo-vegetarian 

diet is nutritionally adequate.

Of particular interest are the many investigations surrounding 

serum lipids in the quest to resolve the source of coronary abnor

malities so widespread in the American population. Numerous studies 
have found Seventh-day Adventists to exhibit lipid patterns in variance 

with those of the American population. This study finds no difference.
Another important factor is the use of a flesh-free diet by 

the lacto-ovo-vegetarians. With the world supplies of animal foods 

continuing to dwindle, the use of plant foods as a primary protein 

source will become a necessity. It thus becomes essential that the 

adequacy or inadequacy of this form of diet be determined.

viii



CHAPTER 1

INTRODUCTION AND REVIEW OF THE LITERATURE

A rapidly rising world population presents an increasingly 

grave threat to world food supplies. Recently more study has been 

made on vegetarianism since it is now realized that no one food is 

indispensable (Hardinge and Crooks, 1963) and that an adequate diet may 

be compounded in many ways, including that which is dependent entirely, 

or in large part, on the plant kingdom.

For other reasons the vegetarian diet is worthy of study. For 

the past several decades it has been noted that there has been an 
increase in atherosclerosis, coronary heart disease and other related 

problems. Many reasons have been cited for the problem including 

changes in the American diet during this century, different lifestyles 

from our ancestors, and the emergence of a largely affluent society.

In the medical world, physicians, research scientists, and nutri

tionists have been studying this problem. Work has centered on lipids 

and their possible contribution to these conditions. Numerous studies 

of diet, lifestyle, and health of subjects are being made.

Some who currently follow a vegetarian regime give Biblical 

references as justification for their dietary practices. Genesis 1:29 

(Holy Bible, 1611) is cited, "Behold I have given every herb bearing 

seed, which is upon the face of the earth; and every tree which is 

fruit of a tree-yielding seed, to you it shall be for meat." The

1
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dogma of the Seventh-Day Adventist Church (Church Manual, 1951) maintains 

that a healthy body is of particular importance to members of its denom

ination. Many church members have chosen to follow a vegetarian dietary 

regime using the above Biblical reference as justification, though a 

vegetarian diet is not mandated by the Seventh-Day Adventist Church.

The religious dogma of the Seventh-Day Adventist Church makes 

a clear distinction between the use of flesh foods, and the use of 

other animal products, such as milk, cheese and eggs. The former are 

considered to be detrimental to health and the latter are recognized as 

valuable foods, which are productive to health because they supply the 

essential amino acids required by man. In general, the eating habits 

of the Seventh-Day Adventist lacto-ovo-vegetarian closely parallel those 

of the average American except for the exclusion of meat. A more gener

ous intake of milk, cheese, eggs, legumes, nuts and meat-substitutes are 

substituted for the flesh of animals.

For a number of reasons, the isolated Seventh-Day Adventist 

segment of American society has been studied. Among them is the fact 
that the incidence of ischemic heart disease is approximately 40% less 

among its male members than among men in the general population. Male 

Seventh-Day Adventists suffered their first heart attack a full decade 

later than most American men. The rate for Seventh-Day Adventist 

women was only 15% less than that expected among American women. In 

other words, the marked difference found between the sexes that is seen 

in the general white population is not evident. In fact, as evidenced 

by Walden et al. (1964), there is rather a striking similarity between 

men and women in terms of the incidence and age distribution of ischemic
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heart disease. Another difference between the average American and 

the Seventh Day Adventists is lifestyle. They consume no coffee, tea, 
alcohol and experience little hypertension (Walden et al., 1964).

Scientific knowledge necessary for nutrition research as one 
knows it today was not developed until this century. Thus, early sci

entific literature is limited mainly to discussion of comparative anat

omy and to medical reasoning based on observation of the effects of 

various diets on the well-being of consumers. In 1658, Pierre Gassendi 

(Hardinge and Crooks, 1963) compared the configuration of man's teeth 

with those of animals. He observed that our wide, blunt, regular 

teeth, like those of herbivorous animals, are suited for the mastica

tion of plant foods. Our teeth are not so well-suited for the tearing 

of flesh as are the long, conical, unequal teeth of carnivores. Even 

recently, these anatomical differences were reported to the American 

Society for the Study of Arteriosclerosis (Collens and Dobkin, 1965). 

The conclusion arrived at was that while man was designed to subsist on 

vegetarian foods, he has perverted his dietary habits to accept the 

food of the carnivore. Herein may lie the basis for the high incidence 

of human atherosclerotic disease. It was suggested that man would do 

well to depend largely on the diet he is best equipped to digest—  

fruits, vegetables, seeds, and nuts which may be supplemented with some 

milk and a sparing use of eggs.

In 1858, Sylvester Graham (Hardinge and Crooks, 1964) lectured 

on the vegetarian diet. Many of the learned classes of both America 

and Europe were impressed with his arguments and were led to adopt a
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vegetarian dietary in which whole grain bread and cereals held a 

prominent place.

Calories

A common concern by nutritionists when studying vegetarian 

diets is that total caloric energy needs may not be met. Study in this 

area has shown this not to be a problem. On the lacto-ovo-vegetarian 

diet, a well-balanced diet contains around 10 to 15% of the total 

calories as protein, 55-70% as carbohydrates and from 20 to 30% as 

fat. Growth studies by Foote and Eppright (1940) on a group of 

lacto-ovo-vegetarian boys and girls showed their caloric intakes to be 

slightly less than recommended allowances. However, their health was 

good and their heights and weights compared favorably with the standard 
for height and weight averages.

The work done by Hardinge and Stare (1954a) indicated that the 

lacto-ovo-vegetarian subjects met caloric needs and either met or 

surpassed the Recommended Dietary Allowances for all nutrients.

A recent study by the United States Department of Agriculture 

(1977) indicates that current consumption of fat in the diet is at 

42% (26% poly- and mono-unsaturated, 10% saturated), protein is 12% 

of the diet and carbohydrate, 46%. It was suggested that fat should 

be decreased to 30% of the diet (20% poly- and mono-unsaturated, 10% 

saturated), that protein remain the same and carbohydrate content be 

increased to 58%. To implement this goal, the following changes in 

food selection and preparation were made: 1. To increase consumption
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of fruits and vegetables and whole grains, 2. To decrease consumption 

of meat and increase consumption of poultry and fish, 3. To decrease 

consumption of foods high in fat and partially substitute 

poly-unsaturated for saturated fat, 4. To substitute non-fat milk for 

whole milk, 5. To decrease consumption of butterfat, eggs, and other 
high cholesterol sources, 6. To decrease consumption of sugar and 

foods high in sugar content, and 7. To decrease consumption of salt 

and foods high in salt content. The above recommendations certainly 
are similar to those made for a lacto-ovo-vegetarian diet, with the 

obvious exclusion of any forms of meat.

Walden et al. (1964) studied lacto-ovo-vegetarians and found 

the diets of these subjects to contain 30% fat of which a third was 

polyunsaturated. Protein content was 15% and carbohydrate 55% in these 

diets. Total calories averaged 2700 Kcal. The non-vegetarian means 

were 3000 Kcal., 41% fat, 13% protein and 46% carbohydrate which closely 

parallel the levels indicated by the USDA (1977) study of average 

Americans.

Another study by West and Hayes (1968) showed that 

non-vegetarians reported more frequent use of eggs, sweets, animal fat 

and protein, and desserts than did the lacto-ovo-vegetarians. On the 

other hand, the lacto-ovo-vegetarians reported more frequent consump

tion of starchy foods, fruits and vegetables, vegetarian protein foods, 

nuts and legumes. Again, this showed the lacto-ovo-vegetarian diet to 

be closer to recommended goals.
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Protein

The body's need for protein early gained prominence in the

development of the theory of nutrition. Flesh-free diets, because of 
their lower protein content, were thus brought under close scrutiny.

In 1870, Voit (Hardinge and Crooks, 1964) published the result of a 

survey in which he found the average protein intake of 100 meat-eating 

Germans to be 118 gm. per day. As early as 1904, Chittenden (Hardinge 

and Crooks, 1964) became one of the most influential exponents of the 

adequacy of a relatively low protein intake. He introduced the concept 

that the smallest amount of food able to keep the body in a state of 

high efficiency is physiologically the most economical, and hence, the 

best adapted for its needs.

flesh-free diets are lower in protein than omniverous diets, numerous 

investigations of their effects on animals and man were undertaken. 

Sherman (1920) reviewed 109 nitrogen balance studies covering the 

period from 1887 to 1919. This included twenty-five investigations of 

forty-seven different individuals who had been kept on low levels of 
protein. His findings led him to believe that 1 gm. protein per kilo

gram body weight was sufficient to provide a margin of safety of 50 to 

100% of adult maintenance.

Protein scientific studies continue to confirm Sherman's (1920)

findings that 1 gm. protein per kilogram body weight provides a liberal 

margin of safety for adult maintenance. In a paper on concepts of 

protein nutrition, Scrimshaw (1969) declares that vegetable mixtures 

supplying the amino acids in appropriate proportions are as efficient

Experimentation with flesh-free diets followed. Since



in meeting protein needs at minimal levels of intake as proteins of 

animal origin. Recent advances in our understanding of protein 

requirements free us from dependence on the concept of the need for 

animal protein or amino acids from conventional food alone and allows 

us to concentrate on ways of most efficiently and economically meeting 

man's need. He further suggests that the bulk of present and future 

needs will be met by conventional plant proteins.

Early studies by Benedict (1915) found no difference in the 

metabolic rates of healthy lacto-ovo-vegetarians and non-vegetarians. 

Wakeham and Hansen (1932) reported that the average metabolic rate of 

lacto-ovo-vegetarians was about 10% of the DuBois standards. Studies 

by Oldham and Sheft (1951) and Sheft and Oldham (1952) reported almost 

identical nitrogen utilization during pregnancy between non-vegetarian 

and lacto-ovo-vegetarian mothers.

Hegsted et al. (1946) studied twenty-six adults on all-plant, 

low-protein diets. Cereals, mostly white bread, provided 62% of the 

protein. They concluded that on this type of diet 30 to 40 gm. protein 

per day would meet the requirements of a man weighing 70 kg. Replace

ment of a third of the plant protein with animal protein lessened the 

requirements.

In a study performed by Hardinge, Crooks, and Stare (1966) on 
200 lacto-ovo-vegetarians, non-vegetarian and vegetarian subjects, 

the non-vegetarian women obtained over two-thirds of their total 

protein from animal sources. Half of this was derived from meats of 
various kinds and the remainder from milk, cheese, and eggs. The com

parative lacto-ovo-vegetarian groups obtained approximately half of

7
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their total protein from milk, cheese and eggs. The non-vegetarians 

consumed more of all the esential amino acids than the 

lacto-ovo-vegetarians. But, for all, the essential amino acid intake 

well exceeded 200% of the requirement, except for cystine which was 

175%.

Group studies also include the ones by Mirone (1950, 1954) 

wherein he reported on a small community of men who used no meat and 

only small amounts of dairy foods. Hematologic and blood protein 

findings were all within normal range, and the health of the group was 

excellent. Mirone suggests that 1) vegetable protein can be substi

tuted for animal protein, and 2) National Research Council recommenda

tions for nutrients are too high.

Again, Hegsted et al. (1955) found that for adults it is 

difficult to obtain a mixed vegetable diet which will produce an appre

ciable loss of body protein without resorting to high levels of sugar, 

jams, jellies and other essentially protein-free foods.

As recently as 1967, Register et al. (1967) compared the 

protein quality of diets containing milk and beef with those containing 

vegetable protein mixtures prepared to simulate meat products. These 

foods, also called meat analogs, combine various proportions of legumes, 
nuts, and cereals, and lacto-ovo-vegetarians may serve them as a main 

dish. This study was of particular interest since vegetable protein 

mixture has been available since 1920 and little information is avail

able on the protein quality of diets containing such foods. One 

advantage cited by Scrimshaw (1969) of these meat analogs is that, since 
they are made of plant sources, they do not contain cholesterol or



saturated animal fats. Hodges et al. (1967) fed a diet to men in 

which the source of protein was meat analogs and did report a signifi

cant decrease in cholesterol. Only six persons were studied in 

Register's project; three men and three women. The study on the 

lacto-ovo-vegetarian, among other diets, ran for sixteen days each. 

Three meals containing approximately 10 gm. of nitrogen a day were pro

vided to each subject during the test period and a two week resting 

period was used in between the diets. The diets ingested were pure 

vegetarian, lacto-ovo-vegetarian and non-vegetarian. Additional 
calories for maintenance of body weight were supplied from non-protein 

foods. For the fourth test, the pure vegetarian diet was repeated. 

Average nitrogen balance for the four tests were +0.07, +0.30, +0.70, 

and +0.43 gm./day, respectively. It was concluded that at a level of 

10 gm. of nitrogen intake per day, there was no significant difference 

in the ability of the three diets tested in the experiment to maintain 

nitrogen balance in young adult human subjects.

The effect of the lacto-ovo-vegetarian dietary on the metab

olism of different age groups is important. Marsh, Ford, and 

Christensen (1967) studied adolescent girls and their response to a 

nitrogen balance study. Their focus was on the age segment at the 

nutritional merging point between growth demands of the adolescent and 

maintenance requirements of the adult. A standardized diet was modi

fied to formulate the lacto-ovo-vegetarian diet for this study. It 

consisted of a combination of ordinary foods which provided palatable 

meals at a low level of most of the nutrients. Egg white and milk pro

vided the protein equivalent in quantity to that of meat or fish in

9



10

the standardized diet. Supplementation was with synthetic and 

purified products to provide adequate levels of essential nutrients.

The content of the eight essential amino acids of the 

lacto-ovo-vegetarian diet exceeded that of the standardized diet as 

well as the minimal requirements of the Food and Nutrition Board for 

women. Positive nitrogen balances for all subjects were maintained on 

a mean daily intake of 1.16 gm. protein per kilogram body weight. Con
clusions reached were that the protein from the lacto-ovo-vegetarian 

foods was equal in efficiency to the standardized diet, as judged by 
the mean daily nitrogen retentions.

As McCarrison (1932) discussed in his early work on the diets 

of natives in India, a lacto-ovo-vegetarian diet is sufficiently good 

to maintain health. The northern tribes of India are essentially 

lacto-ovo-vegetarians and have superior health and physique on a diet 

composed mainly of grains, legumes, vegetables, fruit and milk. The 

tribes of the South and East, whose food is white rice, suffer from 

poor nutrition. As the above study points out, the most important 

aspect in a vegetarian diet is variety. The greatest problem worldwide 

is undue reliance on a single plant food source. Usually this is a 

cereal grain or starchy root such as cassava, yam, or rice.

Bressani and Behar (1964) commented that from a nutritional 

point of view, animal or vegetable proteins should not be differen

tiated. It is known today that the relative concentrations of the 

amino acids, particularly the essential ones, is the most important 

factor determining the biological value of a protein. By combining 

different proteins in appropriate ways, vegetable proteins cannot be
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distinguished nutritionally from those of animal origin. The proteins 

of eggs, dairy products, kidney and liver have high biological value 

because they contain all of the essential amino acids. Good quality 

proteins, which are somewhat less efficient in supplying amino acids, 

include shellfish, soybeans, peanuts, potatoes, and the muscle tissue 

of meats, poultry and fish. Fair proteins include those of cereals 

and most root vegetables. The proteins of most nuts and legumes are of 

poor biologic value. It is important to point out, however, that two 

or more proteins in themselves only "poor" or "fair" in quality may 

have a "good" biologic value when taken together because they may 
complement one another in supplying the necessary amino acids. Those 

on vegetarian diets survive quite well consuming foods of varied biologic 

value. Register and Sonnenberg (1973) note in their studies of vege

tarian diets that above a certain level of dietary protein intake, 

whether of plant or animal origin, the level of serum protein concentra

tion is not measurably affected.

The primary sources in the diet will obviously influence the 

pattern of total intake since proteins differ in the proportions of 

their component essential amino acids. Animal proteins such as eggs, 

milk, and cheese are high in leucine, isoleucine lysine, threonine and 
valine. The proteins of legumes, whole grains, nuts, and vegetables 

yield these amino acids at generally lower levels.

Legumes, such as dried beans and peas, contain ample lysine, 

but are relatively low in methionine, and thus provide a protein of 

marginal quality. Cereals, on the other hand, are relatively low in 

lysine. When cereal and legume proteins are eaten together, the



12

methionine provided by the cereal grain and the lysine provided by the 

legume improve the balance in the amino acid supply and the mixture of 

proteins is of better quality than that provided by either alone. This 

is current worldwide practice and provides evidence of the supplemen

tary effect of one plant protein food on another. In other words, a 

judicious mixing of plant proteins of lower quality can give mixtures 

of about the same nutritious value of high quality protein foods.

Lipids

Interest for some time has been in the relationship between 

serum lipids and coronary artery disease. Several have reported a 

serum cholesterol-lowering and other effects on serum lipids as a 

result of non-flesh dietaries. As early as 1915 it was first noted 

that the feeding of cholesterol to a rabbit would produce hyper

cholesterolemia and vascular changes, suggestive of those found in 

human atherosclerosis. Many investigators at that time felt that the 

observations in the rabbit justified the conclusion that dietary 

cholesterol in the human was a potentially toxic substance. Others 

have felt that, with or without cholesterol, dietary fat per se would 

predispose to elevated plasma lipid levels and to abnormal deposition 

of lipid in the blood vessels. Groen et al. (1953) showed that purely 

plant diets caused a fall in serum cholesterol in man. Kinsell et al. 

(1952) reported similar results when customary dietary fats were 

replaced with certain vegetable oils.

McCullagh and Lewis (1960) investigated the blood lipids in 
Trappist monks in New Mexico whose diet consists of plant foods and
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dairy products with eggs only as an indulgence. Blood cholesterol was 

found to be low, as was also the case in the study of Trappist and 

Benedictine monks by Barrow et al. (1960). However, one study 

(Calatayaud et al. 1963) on Trappist monks showed that the diet was 

not associated with lower-than-average serum cholesterol. These sub

jects were allowed two eggs per day and some skim milk. It must be 

remembered, however, in evaluating these studies that the lifestyle 

of these monks is different than that of the average American; these 

men work long hours, sleep little, and show signs of hypertension.

Hardinge and Stare (1954b) found in their studies of 

lacto-ovo-vegetarians, non-vegetarians and vegetarians that as the 

polyunsaturated to saturated fatty acid ratio increases, serum choles

terol decreases. This is in harmony with the earlier findings that 

vegetarians had significantly lower blood cholesterol levels than 

either the lacto-ovo-vegetarians or the non-vegetarians. Jollife and 

Archer's (1959) lipid study found, after correlating death rates from 

coronary heart disease in twenty countries with dietary as well as 

environmental factors, that, of the factors considered, intake of 

saturated fats (mostly animal) gave the highest correlation, followed 
by the intake of animal protein. A negative correlation existed 

between the death rate and intake of polyunsaturated fats, mostly of 
vegetable and fish origin.

Linoleic Acid in the Diet

 ̂Another highly significant correlation appears between the 

serum cholesterol and linoleic acid level in the diet in relation to
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the total fatty acid intake. It has been demonstrated by Kinsell and 

Michaels (1955) that plasma lipid levels can be lowered by the inges

tion of large amounts of vegetable oils rich in linoleic acid and also 

by the addition to the diet of linoleic acid ester.

Recent work by Vergroesen (1977) suggests the conclusion that 

hypocaloric diets will induce significant decreases in both serum 

cholesterol and triglyceride concentrations only if they can be adhered 
to for a limited period until ideal body weight is reached. In the 

controversy regarding whether a low fat, high carbohydrate diet (less 
than 25% Kcal. of fat) or a moderate fat diet, rich in linoleic acid 

diet (35 to 40% Kcal. of fat with at least one-third of the fat being 

linoleic acid) should be prescribed, Vergroesen feels it is important 

to realize that there is accumulating evidence that only the latter 

diet can provide such effects as: 1) decreased blood cholesterol and 

triglyceride levels, 2) decreased thrombotic tendency of platelets,

3) prevention and curing of the effects in sodium-induced hypertension,

4) improvement of the physiological function of the heart, and 5) 

normalization of the biochemical abnormalities in obesity and maturity- 
onset diabetes. In Vergroesen1s work it has been found that the levels 

of dietary linoleic acid resulting in significant effects on the 

criteria above ranged from 12 to 22 % Kcal. concentrations. Such a 

diet can be realized in human nutrition given a significant education 

of the general public and the availability of food products rich in cis, 

cis linoleic acid. Vergroesen makes this recommendation in view of

our present understanding of the factors involved in atherogenesis.

He feels that the consumption of such a diet should result in a
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significant reduction in morbidity and mortality from the disease in 

a physiological and harmless way.

Vergroesen cites the following studies as evidence for his 

conclusions. Houtsmuller (1975) demonstrated that a diet high in 

linoleic acid significantly lowered blood cholesterol, triglycerides 

and insulin after only ten days in obese diabetics. This last effect 

was even more interesting since blood glucose levels, both fasting and 

nonfasting, were also lowered to a great extent. This phenomenon was 

not observed in lean individuals, suggesting that a decreased insulin 

requirement by adipose tissue, perhaps due to an increased local 

prostaglandin biosynthesis, was induced in these obese diabetic 

patients by the increased linoleic acid consumption. In discussing 

fatty acids, it must be remembered that the three essential fatty acids 

are linoleic, linolenic and arachidonic. Linoleic is the most common 

polyunsaturated fatty acid and, as is also the case with the much less 

well-studied linolenic acid, can by synthesized only by the plant 

kingdom. In the body part of the linoleic acid is converted into

di-homo y linolenic acid.and arachidonic acid. It is generally accepted 
that essential fatty acids have a structural function as an integral 

part of the phospholipids, one of the components of all biomembranes. 

Furthermore, di-homo y linolenic acid and arachidonic acid are also the 

precursor fatty acid of the prostaglandins, a group of "local" 

hormones which have important physiological effects. During the last 

few years it has become clear after study in rats by Hwang et al. (1975) 

that an increase in dietary linoleic acid intake directly influences 

prostaglandin biosynthesis. This supports the hypothesis postulated
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by Thomasson (1969) that the preventative and curative effects of 

dietary linoleic acid on the atherosclerotic syndrome can be explained 

by an increased prostaglandin biosynthesis. Increased prostaglandin 

synthesis promotes arterial dilatation and increased water and sodium 

availability to counteract hypertension and the increased thrombotic 
tendency of blood platelets. Also, the anti-arrhythmic effects and 

improvement of heart muscle contractility induced by the various 

prostaglandins in hypodynamia hearts suggest the possibility of a 

favorable influence by increased prostaglandin biosynthesis in ischemic 

heart disease. Since most prostaglandins are chemically unstable and 

when administered to the body have biological half lives of less than a 

few minutes, several research centers investigated whether increasing 

the availability of the precursor fatty acid, linoleic acid, might not 

result in prostaglandin-like effects on tissues such as blood platelets, 

the kidney, heart muscle and blood supply.

With respect to arterial thrombosis Terpeinen et al. (1972) 

showed in a twelve-year clinical trial in men and women that an 

experimental diet which was characterized by 12% Kcal. of linoleic 
acid not only lowered blood cholesterol level but also significantly 

decreased the thrombotic tendency of the platelets, as compared to a 

group of men consuming the normal Finnish diet which contains only 4% 

Kcal. of linoleic acid. The observed decreased cardiovascular 

mortality and morbidity in the experimental diet group therefore can 

be explained by a decreased frequency of thrombotic episodes caused by 

the decreased reactivity of the circulating platelets. This is to say, 

that this relatively simple dietary change can significantly decrease
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platelet aggregation and adhesion without the risk of an increased 

bleeding tendency. As for hypertension, it is not known if the effect 

of high linoleic acid diets can be fully explained by increased renal 

synthesis and its regulating influence on sodium and potassium. This 

is not clear but has been observed in rats by Triebe, Block, and 

Forster (Vergroesen, 1977).

Prostaglandins probably perform a basal regulating role in 
disturbed cardiac functioning. Feeding rats increasing amounts of 
linoleic acid for only three days before using them for experimentation 

resulted in an increased coronary flow rate and an improved heart 

muscle contractility without an increased oxygen consumption. These 

results as indicated by Vergroesen (1977) strongly suggest that 

increased linoleic acid consumption can improve heart muscle function 

in vivo.

Lipoprotein Studies

According to Kannel (1971) the lipid component most basic to 

the atherosclerotic process remains uncertain. Those lipid elements 

incriminated include cholesterol, triglyceride, phospholipid, and 

non-esterified fatty acids. In addition, the lipoproteins to which 

the lipids are linked for transport have also been blamed; these 

include the cholesterol-rich beta-lipoproteins, the triglyceride-rich 

pre-beta lipoprotein, the alpha-lipoprotein rich in phospholipid and 
the albumin fraction, which carries the fatty acids about. Whether 

one or several of these are fundamentally involved in atherogenesis
is not clear.
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Kannel, writing about the twenty-six-year long study in 

Framingham, Massachusetts, for the Heart, Lung, and Blood Institute, 

indicates that high-density alpha-lipoproteins have been found to be 

inversely related to the incidence of coronary heart disease. The 

higher the high-density lipoproteins, the lower the risk of heart 

attack appears to be. Low-density lipoproteins, or beta-lipoproteins, 

have been implicated as the culprit in heart disease. Thus, the higher 

the level of low-density lipoprotein, the greater is the risk of 

heart attack. Women have been found to have a higher high-density 

lipoprotein level on the average than men and this may account for the 

fact that heart disease is less common among females.

Kirkeby1s (1966) study on 170 healthy persons on a basic, 

non-vegetarian Norwegian diet compared 123 largely lacto-ovo-vegetarians 

over a period of months. His work on subjects age eighteen through 
sixty showed total cholesterol, phospholipids, total lipids, and beta- 

lipoproteins to be lower in lacto-ovo-vegetarians than non-vegetarians. 

Most significantly, at all ages beta-lipoproteins were higher in men 

than in women. Alpha-lipoproteins, those of high density, were higher 

in women than men. In women, values rose after menopause, but for 

lacto-ovo-vegetarian females the rise after menopause was less. Kirkeby 

found beta-lipoproteins and serum cholesterol to be significantly 

related. A positive relationship was found to saturated fats and a 

negative one to unsaturated types of fat in the diet. On the 

non-vegetarian diet, fat men had a higher concentration of 

beta-lipoprotein than thin men, but it was felt by Kirkeby not to be 

significant.
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No significant difference of protein concentration in the serum 

between the diets and no signs of protein malnutrition in the subjects 

were observed. Kirkeby also felt that physical type, social class, 

occupation and whether or not the subjects smoked or not probably had 
no effect on the results. This is in obvious contrast to the conclu

sions presented on the Framingham study (Kannel 1971).
The diet of the lacto-ovo-vegetarians had a slightly lower mean 

protein, fat, and total energy value, but less cholesterol and more 
carbohydrate than the mean Norwegian non-vegetarian diet. Fat was 

still high in the lacto-ovo-vegetarian diet. The mean level was 37% 

Kcal. In a later study by Kirkeby and Bjerkdal (1968) on 

lacto-ovo-vegetarians it was found that total energy intake was on the 

average 2328 Kcal. with 11% calories from protein, 33% fat and 56% 

carbohydrate. There were statistically significant lipid fraction dif
ferences with high linoleic and low oleic and palmitic acid percentages 

in the lacto-ovo-vegetarian group. No differences in arachidonic acid 

values were observed, and the results confirmed previous dietary survey 

findings of a high intake of polyunsaturated fatty acids by 
lacto-ovo-vegetarians.

Very Low Density Lipoprotein Study

Recent work on the lipoproteins has been directed toward the 

very-low-density, pre-beta lipoproteins. The very-low-density 

lipoproteins, the primary lipoprotein class secreted by the liver, are 

precursors of the plasma very-low-density lipoproteins. Heimberg and 

Wilcox (1972) found that the very-low-density lipoproteins produced in
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rat liver after infusion of a saturated acid, palmitic acid, had a 

higher ratio of phospholipid and cholesterol relative to triglyceride 

than did very-low-density lipoproteins made after infusion of unsatu

rated fatty acids. Observations by Kohout,Kohoutova, and Heimberg 

(1971) showed that triglyceride output after perfusion of isolated rat 

livers varied with the amount and structure of the free fatty acids 

used in the perfusing medium. In addition, the output of cholesterol 

and phospholipids varied with the triglyceride output. Heimberg,

Dunn, and Wilcox (1974) speculated that similar events in humans might 

explain why isocaloric replacement of dietary unsaturated fats for 

saturated fats may result in decreased concentrations of plasma 

triglyceride, phosphlipid, and cholesterol. In man, as well as in rats, 

plasma free fatty acids are derived in considerable part from dietary 

triglycerides and are precursors of triglycerides found in plasma very- 

low-density lipoproteins. In human volunteers given a meal rich in 
coconut oil or in safflower oil as performed by Heimberg, Dunn, and 

Wilcox (1974), the proportion of laurate plus myristate increased in 

both plasma free fatty acids and triglycerides in subjects fed coconut 

oil, with corresponding decreases in linoleate and arachidonate. Large 

increases in linoleate in free fatty acids and triglycerides occurred 
in subjects fed the meal containing safflower oil.

Since cholesterol and phospholipids are integral parts of the 

very-low-density lipoproteins, one would expect that the inhibition or 
the stimulation of triglyceride secretion from the liver would decrease 

or increase phospholipid and cholesterol output, respectively. Thus, 
any set of conditions increasing liver triglyceride secretion should
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also increase the output and biosynthesis of cholesterol. This idea 

was tested by Goh and Heimberg (1973) using isolated rat liver prepara

tions perfused with a fat-free medium supplemented with oleic acid. 

Cholesterol biosynthesis was measured by incorporation of tritiated 

hydrogen and water into cholesterol. The addition of oleic acid to 

the perfusing medium increased the total radioactivity found in the 

liver and perfusate, in comparison with liver perfused with the 
fat-free medium.

It is possible, therefore, that plasma concentrations of 

triglyceride, phospholipid and cholesterol may be regulated by the 

response of the liver to the composition of circulating free fatty 

acids derived from dietary fat. The relationship of dietary fat to 

this process is consquently very important in terms of plasma 

lipoprotein composition. The implications which these lipoproteins 

have for lipid metabolism and possible development of atherosclerosis 

is also significant. Larger, less dense, very-low-density lipoproteins 

are metabolized more rapidly than other lipoproteins, and triglycerides 

are metabolized more rapidly than the other very-low-density lipopro

tein components. Thus, the liver makes a critical contribution to the 
regulation of plasma lipid concentration.

In addition to the importance of dietary fatty acid composition 

on the composition and metabolism of plasma, very-low-density lipopro

teins, there are important sex differences in the metabolism of very- 

low-density lipoproteins. Previously Wilcox etal. (1974) found that 

the liver output of triglyceride in very-low-density lipoproteins as 

measured in vivo or in vitro was greater in female than in male rats.
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but the plasma levels of triglyceride and very-low-density lipoprotein 

were no higher in the female. Very-low-density lipoprotein from the 

female rats had a lower proportion of phospholipid and cholesterol per 

mole triglyceride and migrated more rapidly in the ultracentrifuge.

This was an indication that they were larger and less dense particles. 

These observations led to the conclusion that utilization of tri

glyceride in very-low-density lipoprotein may differ in male and 

female rats, perhaps because of sex-related differences in size and 

chemical composition of the very-low-density lipoprotein particles.

To test this idea, Soler et al. (1975) prepared radioactive 

very-low-density lipoprotein-triglyceride by perfusing livers of male 

rats with carbon fourteen-oleic acid and females with tritiated 

hydrogen-oleic acid. Very-low-density lipoproteins were isolated by 

ultracentrifugation. Then the very-low-density lipoprotein from the 

male and female rats were mixed in an 8/5 (v/v) ratio and injected 

into male or female rats (femoral vein injection). Blood was collected 

at one, ten, thirty, or sixty minutes after injection of the very-low- 

density lipoprotein.

Disappearance of very-low-density lipoprotein-triglyceride from 
plasma was more rapid in female rats. The time of disappearance of 

one-half of the plasma was twenty-eight minutes for the carbon 

fourteen-labeled triglyceride and thirty-one minutes for the tritiated 

hydrogen-labeled triglyceride in female rats. The corresponding 

values were forty-two and fifty-one for male rats.

It remains to be determined whether the difference in 

phospholipid composition of very-low-density lipoprotein in male and
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female rats affects very-low-density lipoprotein metabolism, whether 

the female rat has a greater capacity for very-low-density utilization, 

independent of composition and how applicable these results are to the 
human. Nevertheless, these experiments show clearly how composition 

of very-low-density lipoprotein can be varied by the fatty acid supply 
to the liver, as well as emphasizing the importance of sex differences 

in very-low-density lipoprotein metabolism.

Earlier Lipid Studies

Studies on fat in the diet have been conducted for some time. 

One by Kinsell et al. (1952) reported on diets containing large amounts 

of vegetable fat. The subjects in this study were patients in a meta

bolic ward who were maintained on chemically constant diets for pro

longed periods. Except for the "pure fat" diets, the patients were 

maintained in weight equilibrium and excellent nutrition including 
a positive nitrogen balance. The diet, fed through a tube into the 

duodenum to subjects who were not normally active and suffering 

various ailments, contained salad oil composed of cottonseed oil alone, 

or was of mixed soy and cottonseed and was served as the source of 

vegetable fat. Calcium caseinate was the protein source and the 

formula was fortified with adequate amounts of minerals and vitamins.

From this work it appeared that patients maintained on chemi

cally constant diets containing large amounts of fat of vegetable 

origin, without exception, have striking falls in plasma cholesterol 

and phospholipids. Kinsell suggests that this cholesterol-free diet 
is associated with a profound fall in plasma cholesterol and
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phospholipid merely due to the lack of dietary cholesterol and phospho

lipid, or, some component of the vegetable fat, possibly one or more of 
the vegetable sterols, has some direct or indirect effect upon choles

terol and/or phospholipid metabolism. His work at this time would 

appear to refute the statements that high dietary fat per se is always 

associated with relative or absolute elevation of serum cholesterol.

Keys et al. (1956, p..43) found results from his work in sharp 

contrast to those found by Kinsell. Keys comments, "Clearly any rela

tionship between cholesterol and that consumed in the diet may be very 

small indeed in men." It appears, however, that there may be a ten

dency for men who consumed the least cholesterol to have slightly lower 

concentrations of cholesterol than the average while those who consume 
the most cholesterol have the opposite tendency. However, he feels 

that even these slight trends are not necessarily indicative of any 

effect of dietary cholesterol itself. In the longitudinal study per

formed by Keys et al. (1956) of 286 clinically healthy Minnesota men 

who had a longstanding habit of consuming more or less cholesterol in 

the diet the results showed no significant difference in the average 

serum cholesterol between the two groups. The low-cholesterol con

sumers showed serum cholesterol of 248.9 yg.%, 41.4 s.d., and the 

high-cholesterol consumers were 256.2 pg.%, 42.9 s.d. Keys felt that 

the evidence showed that variations in the intake of cholesterol over 
the whole range of natural diets does not influence the serum level 

of physically normal adult men as long as other elements in the diet

are constant.
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Work was also done by Keys et al. (1956) in a carefully con

trolled metabolic ward. The only variable in the study was the amount 

of cholesterol in the diet. Thirteen men consumed 374 mg. of choles

terol daily for the first four weeks and 1369 mg. for the final four 

weeks. Fourteen men went through the reverse order of change. Sug

gestions of a response to the dietary cholesterol as measured by serum 

cholesterol were trivial but in neither experiment was it statistically 
significant.

Mann, Munoz, and Scrimshaw (1955) reported on a study of two 

groups sufficiently different in diet selection. Serum lipids were 

measured in a rural Guatemalan group and compared with those of urban 

Guatemalans and North Americans. A seven-day diet study was made and 

the portions of food consumed were weighed. The diets of the rural 

Guatemalans were found to be very different from those of urban 

Guatemalans and North Americans; the greatest single difference 
appearing to be the much lower proportion of fat calories in the 

largely vegetarian rural Guatemalan group. They ate a diet comprised 

almost entirely of the intrinsic fat of corn and other vegetables in 

the diet, with little or no additional fat. The rural Guatemalans 

consumed only 18% Kcal. from fat, whereas the urban Guatemalans con

sumed 36% Kcal. and the Americans, 40% Kcal.

The most striking thing noted when the serum levels were com

pared was the lower serum cholesterol of the rural Guatemalans despite 

the fact that lipoprotein levels were similar among the three groups. 

Mann suggests that the greater leanness of the rural Guatemalans 
appears to be of minor importance in evaluating their lower serum



26

cholesterol levels. He feels that the increasing relative weights at 

successive ages of the urban Guatemalans and North American subjects 

shows that these subjects were not in caloric equilibrium but slowly 

gaining weight. Thus, a part of the observed serum cholesterol dif

ference might be attributed to the process of "becoming fat" rather 

than simply being fat. A short-term experiment by Walker et al. (1953) 

showed the effect of positive caloric balance. Lipoprotein and serum 

cholesterol levels were significantly increased by a period of positive 
caloric balance even when this was obtained with a very low dietary fat 

intake.

Thus, Mann, Munoz, and Scrimshaw (19551 suggest that a large 

caloric intake, even low in fat, when balanced by a large caloric 

expenditure, might selectively increase the serum lipoproteins since 

these serve the physiologic transport function. The serum cholesterol, 

they suggest, on the other hand, is determined primarily not by the 

type or magnitude of the intake but rather by the nature of the 

caloric disposal. When the excess calories are stored as fat, choles

terol level rises. Thus, when the calories are distributed as heat 
and energy, the cholesterol level is low.

This study was aimed chiefly at comparing persons consuming 

diets of widely varying fat content. The basic question is, therefore, 
whether the serum lipid differences observed can be explained by the 

dietary differences. Although the cholesterol differences encountered 

are consistent with a hypothesis relating cholesterol levels to fat 

intake, the differences of levels observed among the groups are not so 

readily explained because of the marked dissociation of serum
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cholesterol and lipoproteins observed among rural Guatemalans. Experi

mental manipulation of dietary lipids in humans, as performed by 

Walker et al. (1953), have not indicated such an effect. In their 
study both serum cholesterol and lipoprotein levels were significantly 

increased by a period of positive caloric balance even when this was 

obtained with a very low dietary fat intake. Mann, Munoz, and 

Scrimshaw (1955) suggest that the greater leanness of the rural 

Guatemalan group taken with higher caloric consumption of that group 

suggests that the serum lipoprotein levels may be dependent upon the 

magnitude of energy turnover whereas the serum cholesterol levels are 

increased by energy accretion or fat deposition.

A study by Toor et al. (1957) on recent immigrants to Israel 

of Yemenite Jews, whose diet is largely vegetarian, have significantly 

lower blood cholesterol levels than earlier Yemenite immigrants who 

have adopted the Israeli diet. This result is accompanied by a change 

of the Yemenite Jews to the largely animal-based Israeli diet con

taining fats of animal origin.

The above results are in keeping with the positive correlations 
found between the total intake of animal fat and the corresponding 

serum cholesterol values. In other words, fats of animal origin 

apparently increase blood cholesterol concentrations. This is in 
keeping with results reported by Hardinge and Stare (1954b) that a 

dietary regime with a generous intake of plant fats may be associated 

with low serum cholesterol. They found that the mean intake of fat of 
the adult non-vegetarians exceeded that of the lacto-ovo-vegetarians. 

The lacto-ovo-vegetarians showed the lower total fat intake and
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derived a larger proportion of their fat from plant foods than did 

the non-vegetarians.

Another hypothesis suggested by Hardinge and Stare (1954b) is 

that with advancing age, the body's capacity to eliminate excess 

cholesterol, whether from endogenous or exogenous origin, diminishes, 

and that a gradual accumulation of cholesterol results. In the younger 

adolescent age groups, serum cholesterol levels were similar even 

though the intake of dietary cholesterol of the adolescent 

non-vegetarians was significantly greater than that of the correspond

ing lacto-ovo-vegetarians.

In reviewing the study of Hardinge et al. (1958), on a 

population of two hundred subjects, including eight-six 

lacto-ovo-vegetarians, twenty-six "pure" vegetarians and eighty-six 
non-vegetarians, that could be expected to differ only with respect to 

its adherence or nonadherence to vegetarian practices a clear trend 

emerged indicating that serum cholesterol levels decreased in the 

adult vegetarian groups. The pure vegetarian groups had the lowest 

values. And from Hardinge, Crooks, and Stare's (1962) published 

results, a highly significant inverse correlation exists between the 

level of serum cholesterol and the total unsaturated fatty acid intakes. 

A similar inverse correlation is found between the degree of unsatura

tion of the dietary fats and the serum cholesterol.

The dietary cholesterol level of the non-vegetarians was 

definitely greater in the Hardinge and Stare (1954b) study. In 

reviewing their results, it was noted that dietary fat, whether of 

animal or vegetable origin, may influence blood cholesterol levels.
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The investigations of several workers using diets low in both choles

terol and fat have indicated that serum cholesterol levels may reflect 

the total fat rather than the cholesterol intake.

In this study, there exists a direct quantitative correlation 

between blood cholesterol concentrations and the level of animal rather 

than total fat in the diet. Thus the "pure" vegetarians, despite the 
free use of plant fats, but on diets devoid of animal fat, have the 

lowest serum cholesterol levels. This is in accord with work by 

Kinsell et al. (1952) who found that subjects on diets containing large 

amounts of vegetable fat showed a marked decrease in serum cholesterol.

In response to the varied results found by different researchers 

Hardinge and Stare (1954b) suggest that the duration of a dietary 

program may be a factor of importance. In most studies relating 

cholesterol content of diets and levels of serum cholesterol subjects 

have pursued the experimental regimes for relatively short periods of 

time. Is it possible that the continued ingestion of exogenous 

cholesterol carried in animal fats over many years contributes to the 

gradual increase in serum cholesterol? Also, the possible endogenous 

synthesis of cholesterol from overgenerous caloric intake should be 
considered. Thus, the possibility of a relationship between body 

weight and cholesterol level was examined. The subjects of each group 

were divided into those above and below their mean group weight. No 

correlation between weight and cholesterol concentration in the blood 

serum was found.

As already reported by Hardinge and Stare (1954b) the total fat 

intake may not significantly affect the level of blood cholesterol. In
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the study reported by Hardinge, Crooks, and Stare (1962) the degree of 

unsaturation and the level of plant fats consumed are inversely associ

ated with cholesterol levels. This relationship is striking when the 

ratio of polyunsaturated to saturated fatty acids is considered. 
Available data failed to clearly define whether the

cholesterol-depressing effects are due to the degree of unsaturation of 

the fat or the type of unsaturated fat. Ahrens et al. (1957) proposed 

that the serum cholesterol level is a function of the net unsaturation 

of the dietary fats as measured by their iodine number. Jollife (1961) 
suggested that it may be a function of their polyunsaturated to 

saturated ratio. However, it had been observed by Anderson, Keys, and 

Grande (1957) that sardine oil, although highly unsaturated, is less 

cholesterol-depressing and coconut oil is less cholesterol-elevating 

than would be expected if the degree of unsaturation were the major 

factor.

Some of the "pure" vegetarians in Hardinge, Crooks, and 

Stare's (1962) study consumed up to 25% of their fat calories in the 

form of coconut oil or coconut butter. The cholesterol levels of these 

subjects, although in certain cases somewhat higher than the mean for 
the group, were still significantly lower than those of the groups 

using large amounts of animal fats. Their respective cholesterol 

levels showed no consistent pattern with the types of plant fats used. 

From the degree of saturation of coconut fat, 92%, one might have 

expected higher cholesterol levels among those who used it freely. 

Reports of the effect of natural and hydrogenated coconut fat on the 

blood cholesterol concentration in man vary (Hashim et al., 1959).



The common use of this oil in the diet of the Philippine armed 
forces failed to produce high serum cholesterol levels as reported by 

Beveridge et al. (1959).

From the statistics of twenty countries, Jollife and Archer 
(1958) found high correlation between the consumption of saturated fats 

and the death rate from degenerative heart disease. Bronte-Stewart

(1961) showed a significant relationship between the ratio of poly

unsaturated to saturated fatty acids in the diets and the mortality 

figures for atherosclerotic heart disease.

A comparison of the respective adult male and female groups of 

Hardinge, Crooks and Stare (1962) shows that the "pure" vegetarians 

have a polyunsaturated to saturated fatty acid ratio approximately five 

and four times that of the non-vegetarians and three and a half times 

that of the lacto-ovo-vegetarians. The levels of serum cholesterol 
in these groups are directly related to these ratios. Again, it would 

thus appear that the type of fat consumed is more important than the 

total fat intake and that as the polyunsaturated to saturated fatty 

acid ratio increases the level of serum cholesterol decreases.

With respect to the ingestion of specific fatty acids, Hegsted, 
Gotsis, and Stare (1957) have reported that oleic and certain other 

unsaturated fatty acids may promote hypercholesterolemia in the rat. 

Statistical analysis of the cholesterol level and the oleic acid 

intake of adults in all the groups of the Hardinge, Crooks, and Stare

(1962) study showed a significant negative correlation. However, 

since the differences in serum cholesterol concentrations among the 

respective groups is more marked than the differences in the oleic

31
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intake, it would appear that some other factor may have influenced the 

blood cholesterol levels. Keys, Anderson, and Grande (1957.) suggest 

that the level of oleic acid in the diet plays a neutral role in this 

respect.

Of the small amount of arachidonic acid, as well as of the 

still more highly unsaturated fatty acids present in the food fats, the 

non-vegetarians ingested the most, the lacto-ovo-vegetarians less and 

the "pure” vegetarians none in the Hardinge, Crooks, and Stare (1962) 
study. Since the serum cholesterol levels of those who consumed the 

most of the highly unsaturated fatty acids were higher than the levels 
of those who consumed less, or none, the question arises as to whether 

any possible cholesterol-depressing effect of these types of unsatu

rated fatty acids was counteracted by the comparatively large intake of 

saturated acids by these subjects. Ahrens et al. (1957) presented 

evidence that the higher polyunsaturated fatty acids, or those of 

marine oils, depress cholesterol levels in man. However, Keys,

Anderson, and Grande (1959) fed a concentration of arachidonic acid 

to six men and found that a daily intake of four to five gm. of the 

acid not only failed to lower blood cholesterol but actually elevated 

it.

Studies with Seventh-Day Adventists

The Walden et al. (1964) study attempted to clarify the pos

sible inter-relationships between environmental factors, serum esteri- 

fied fatty acids and the occurrence of ischemic heart disease by com

paring a population living under "atypical conditions," the Seventh-Day
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Adventists, versus those in a standard American environment, white 

adults in New York City. This study included 145 lacto-ovo-vegetarians. 

Among the women, the median serum cholesterol level ranged from 20 to 

30% lower than the age-matched New York City women. However, the shape 

and slope of the curves representing age-change was otherwise similar. 

Among men the total cholesterol levels range from 5 to 30% less than 

those of New York City men; the median serum total cholesterol reaches 

its maximal value at fifty-four, which is almost ten years later than 
the peak found in New York City men. The diet of the Seventh-Day 

Adventists of 30% Real, fat of which a third is polyunsaturated and 

55% Kcal. carbohydrate is important in terms of lower serum cholesterol. 

Nonetheless, abstinence by the Seventh-Day Adventist from alcoholic 

and caffeine-containing beverages and less physical and emotional stress 

may also affect the cholesterol determination.

Fat-substituted and fat-restricted dietary regimes were tested 

on lacto-ovo-vegetarians by Walden et al. (1964). The usual 

Seventh-Day Adventist diet was manipulated by either eliminating all 

fat or by substituting unsaturated for saturated fat. Median serum 

cholesterol levels were lowered as much as 18% in women and 29% in 

men. The reduction in serum cholesterol of the Seventh-Day Adventists 

was such that it came to a parity with the levels which occur among 

the so-called "primitive populations" in which coronary disease is a 

distinct rarity. Moreover, the final levels for Seventh-Day Adventists 

were substantially lower than those which have been achieved in 

American population groups that have been subjected to fat-restriction 

or fat-substitution diets similar to the ones used in this study. It
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is supposed that the diets along with the other cholesterol-depressant 

factors in the Seventh-Day Adventists1 usual environment reduced the 

serum cholesterol levels to the hitherto unobtainable levels within 

American population groups. It was noted that the Seventh-Day 

Adventists tolerated fat-substitution with greater ease than 

fat-restriction. In either case, however, only a well disciplined, 

medically-oriented, highly-motivated group of subjects will accept and 
adhere to the amount of dietary change necessary to alter serum lipids 

significantly. A realistic public health nutritionist must keep this 
in mind.

The West and Hayes (1968) study was performed in Washington, 

D.C., and vegetarian subjects, not knowingly having eaten meat, fish, 

or fowl in the preceding two years, were matched with nonvegetarians 

who 1) attended the same church, 2) were of the same sex, age within 

five years, marital status, height, weight, and occupation. The vege

tarian group included 221 lacto-ovo-vegetarians and twelve "pure" 

vegetarians.

The serum cholesterol levels of nonvegetarians and their 

vegetarian counterparts were matched by age. With the exception of 

those fifteen to twentv-four years of age, the nonvegetarians exhibited 

higher levels than the vegetarians. The mean serum cholesterol levels 
of all nonvegetarians was 196 mg. per 100 ml. and that of the matched 

vegetarians was 185 mg. per 100 ml. The difference was significant 

at the 0.01 level of significance. West does mention that because 

there is a sizeable variation in serum cholesterol levels of individ

uals, large numbers of subjects would be needed to draw meaningful
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inferences for the observed differences. But, analyzing this data, 

realistically, it must be pointed out that studies on human populations 

are expensive, etc., so samples of populations must necessarily be 

small. The evidence, however, remains clear that as the degree of 

non-vegetarianism increases, the serum cholesterol increases.

The nonvegetarian subjects in West and Hayes' (1968) study were 

moderate meat, fish, fowl consumers, since by limiting all his subjects 

to suburban Seventh-Day Adventists, it would have been most difficult 

to find heavy meat, fish, fowl consumers within the Seventh-Day 

Adventist church. In comparing the dietary intake of these non

vegetarians with the lacto-ovo-vegetarians, the non-vegetarians reported 

a significantly higher intake of fat than the lacto-ovo-vegetarians 

(37% versus 33%). Consumption of cholesterol was significantly higher 

than that of the lacto-ovo-vegetarians. Protein intakes for the non

vegetarians were also higher, 16% versus 15% of Kcal. Conversely, the 

lacto-ovo-vegetarians reported significantly higher intakes of fiber 

than the nonvegetarians— 5.7 versus 3.8 gm. West presented the above 
nutrients as parameters since serum cholesterol and percent calories 

from total fat are generally associated with cholesterol-lowering 
diets.

It also must be noted that West and Hayes (1968) comment that 

the lack of any trend associating diet with serum cholesterol levels 

of those under thirty-five years of age is clear. Neither of the 

groups, non-vegetarian or lacto-ovo-vegetarian, achieved a poly
unsaturated fatty acid intake as high as that recommended for lowering 

serum cholesterol levels. This is a difficult task, as previously
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mentioned by Walden et al. (1964) and it remains doubtful whether it 

is realistically achievable.

Other Cholesterol Studies

It has been shown by Seidel, Nath, and Harper (1960) that a 

balanced dietary amino acid level resulted in a lower serum cholesterol 

level than an imbalanced amino acid level. For example, chicks kept 

for seven days on a diet containing synthetic amino acids plus 1.38%, 

1.74%, or 2.82% arginine had serum cholesterol levels of 120, 103, and 

125 mg./lOO ml., respectively. Similar differences in serum choles

terol levels were noted after the deletion or excess addition of 

serine, alanine, leucine, lysine, proline or methionine. The serum 

cholesterol level may, therefore, be as dependent on the amount and 

quality of dietary protein as on the source and dietary cholesterol 

levels that have been used in previous experimental designs, such as 

that done by Kokatnur and Kummerow (1961). This experimental design, 

like others, did not recognize that the results obtained with egg yolk 
powder do not necessarily reflect the results that might have been 

obtained with whole eggs, and should, therefore, not be projected to 

diet recommendations for human subjects.

A recent study by Slater et al. (1976) corroborated this 

viewpoint. This UCLA group study showed no significant increase in 

blood cholesterol when additional eggs were fed to young (age twenty 

to twenty-eight) and old (age thirty-nine to sixty-six) male subjects 

for eight weeks. This study is one of the first using subjects whose 

intake of foods, including eggs and fiber, was normal. Previous to



this time most cholesterol studies were performed under rigidly con

trolled protein, fat, or cholesterol-elimination diets. It is pointed 

out that the study is not so much conclusive documentation for eating 

eggs as it is important in posing some important questions. In view of 

the high protein value of eggs, it is wondered if eggs should be 

restricted, especially in areas of the world where protein is in short 

supply. It is suggested that at this point there is little evidence to 

support any prejudice against the consumption of eggs by the general 

public. Also, it is mentioned that hormonal regulation of cholesterol 

is another area that has yet to be explored. The evidence is not 

definitive that elevated cholesterol is the cause of heart disease; it 

may be something else, entirely, for not all people who have high 

cholesterol have heart attacks. It is also suspected that fiber may 

play an important role in cholesterol absorption for previous studies 

have been based on fiber-free diets. It is possible that fiber is an 

important factor in maintaining unchanged blood cholesterol values.

Kummerow et al. (1977) reported on the influence of whole 

fresh eggs on the serum cholesterol level in men and women hospital 

patients independently located in Sofia, Prague and Champaign-Urbana. 

The patients were in two groups: one with cardiovascular-related 

diseases and the other with non-cardovascular related diseases. They 
were fed two eggs in addition to the foods that were normally consumed 

in their diet pattern. Serum cholesterol, total serum lipids and 

erythrocytes were determined five hours after ingestion and again at 
fifty-four days. In the majority of patients, the serum cholesterol 

level did not change significantly five hours after the consumption
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of 465 mg. of cholesterol or after up to fifty-four days of continued 

consumption of two whole eggs per day. The serum from these patients 

showed substantial polyunsaturates and no differences in linoleic and 

arachidonic content between those in Champaign-Urbana and Sofia. It 

is suggested that the nutritionally complete diets that were used in 

these tests may be the explanation for the insignificant changes in 

serum cholesterol after consumption of two eggs per day.
Another recommendation made by Kummerow et al. (1977) is that 

it would seem desirable to test the response of a particular patient 
before assuming that serum cholesterol will increase when whole eggs 

are included in the diet of the patient. Such a test would eliminate 

uncertainty and provide for a wider choice of food items than is 

presently suggested by the American Heart Association.

In another recent study by Haganfeld, Paasikivi and Sjogren 

(1973), no significant serum fatty acid pattern was found between 

patients suffering from cardiovascular disease and those receiving 

treatment for other ailments. However, this observation does not 

preclude the possibility that the kind of polyunsaturated fatty acids 

in cell membranes is important to the function of such membranes and 

may be relevant to cardiovascular disease.

Black-White Serum Lipid Differences

A survey by Tyroler et al. (1975) was prompted by discovery 

of a White excess of coronary disease in a biracial community in Evans 

County, North Carolina, where Blacks and Whites live together. Sig

nificantly higher low-density-lipoprotein cholesterol and total
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triglycerides are present in Whites, and higher high-density-lipoprotein 

cholesterol was found in Blacks in age, sex, and total serum matched 

comparison. The determinant of the Black-White difference was not 

plainly elucidated and could not be explained by social characteristics, 
such as occupation and social class.

It was mentioned that recent findings by Miller and Miller 

(1975) from tissue culture, clinical and pharmacologic research indicate 
that the effects of low-density-lipoprotein cholesterol elevation are 

not shared by elevated high-density-lipoprotein cholesterol which may, 
possibly, even have an inhibitory effect on atherogenesis. In other 

words, high-density-lipoproteins in high amounts may indicate less 

coronary heart disease risk.

Tyroler's analyses did show the expected relationship of 

incidence of coronary heart disease to the known risk factors such as 

systolic and diastolic blood pressure, total serum cholesterol and 

smoking. A genetic origin for the Black-White differences was sug

gested as a possible reason for the differences in Black-White 

lipoprotein pattern. However, assessment of physical activity and 

dietary differences was not made in this sample and might help 
explain the differences.

Serum triglycerides were significantly higher for White than 

Black females but serum cholesterol was found to be similar. The 

triglyceride differences were paralleled by very-low-density- 

lipoprotein cholesterol differences, but the very-low-density- 

lipoprotein differences were of much smaller magnitude. There was some 

excess of high-density-lipoprotein cholesterol in Black females as
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contrasted with White females. What emerges from these analyses is 

that the lipoprotein components are differently distributed in Blacks 

and Whites. Low-density-lipoproteins plus very-low-density-lipoprotein 

cholesterol and triglycerides are higher in Whites. High-density- 

lipoprotein is higher in blacks. Interestingly, this was true across 

the full range of total cholesterol observed in this population sample 
of Blacks and Whites of all ages.

Another observation showed that Black-White differences for the 

low-density-lipoproteins and high-density-lipoprotein cholesterol 

components were maximal among the leaner and decreased or disappeared 

among the heavier examinees. However, most importantly, the total 

triglycerides elevation, however, persisted between Blacks and Whites 

at all body mass index levels.

Fiber

Recent theory (Trowell 1972) on coronary heart disease is that 

it is not merely a disease of overindulgence but also a disease of 

deficiency. This deficiency being the lack of vegetable fiber in the 

diet. The hypothesis is that dietary fiber may protect against 

coronary heart disease by lowering plasma cholesterol.

Truswell (1977) reports on the studies on the possible choles

terol or serum lipid-lowering effect of dietary fibers. He feels that 

it is clear that there is no substantial reduction in plasma lipids in 

short-term experiments with wheat fiber. Experiments with lignin 

could not be reproduced to show plasma cholesterol-lowering. Pectin, 

however, has shown some reproducible results. When citrus pectin has
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been given to healthy adults a significant reduction of plasma choles
terol has been found. Truswell has found that the cholesterol-lowering 

effect is greatest when the dietary fat is low, and, some of the gums 

and mucilages appear to lower plasma cholesterol in animals when taken 
in large amounts.

Many of the legumes, which are twice as rich as cereals in fiber 

content, when ingested in quantity have also shown a plasma 

cholesterol-lowering effect. A study by Grande, Anderson, and Keys 

(1965) found that a large intake of three legumes in equal parts 

lowered plasma cholesterol compared with a control of sucrose and soya 

in a three week experiment.

In India, volunteers for a study by Anderson et al. (1968) ate 

247 gm. leguminous chick peas, consuming 16 gm. fiber daily. Even 

while eating a high-fat diet of 165 gm. butter-fat per day, they showed 

a serum cholesterol decrease from 206 mg. to 160 mg. per 100 ml. How

ever, it was necessary to eat the diet for twenty weeks to produce 

the maximal hypocholesterolemic effect. A Japanese dietary survey 

(Keys 1970) reported an average daily per capita consumption of 5.7 gm. 

ordinary beans which is similar to the United States average of 7.5 gm.

A total of 69.4 gm. leguminous seeds was reported for the Japanese 

which is considerably more than the consumption of the average Ameri

can. It was reported that such leguminous seeds appear to have a 

cholesterol-depressing effect and it was hypothesized that this feature 

of the Japanese diet may contribute to the maintenance of the low 
serum cholesterol level of that population. However, cellulose has
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not lowered plasma cholesterol in human experiments (Keys, Grande, and 

Anderson 1961).

It was suggested by Truswell (1977) that all preliminary 

studies with fibers in the diet indicate that the dietary-fiber situa
tion is not as simple as, for example, that of vitamin C in scurvy. It 

is perhaps more akin to kwashiorkor and specific proteins. Possibly, 

only specific dietary fibers may be important in maintaining one's 
health. It appears that the primary area of study on dietary fiber 

currently centers on its possible cholesterol-lowering effects, but 

other areas may prove important.

Iron and Vitamins

Those on a lacto-ovo-vegetarian diet run about as much risk of 

dietary deficiencies of iron and vitamins as do those on the average 

American non-vegetarian diet. In a statement by the Food and Nutri

tion Board of the National Research Council (1974) on whether or not a 

vegetarian can be well-nourished a few recommendations are made to insure 
good nourishment of those following such a diet regime.

Legumes such as soybeans, pinto beans, limas and peas are par
ticularly rich in protein, the B vitamins and iron. Grains are good 

sources of carbohydrates, protein, thiamine, iron and trace minerals.

Nuts and other seeds contribute fat, protein, B vitamins and iron. Dark 

green, leafy vegetables are sources of calcium, riboflavin, and carotene. 

Milk and eggs provide calcium, iron, riboflavin, vitamin B12 and vitamin 

D and are an excellent source of quality proteins. As with all diets, 

one should not consume excess amounts of "calories only" foods
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such as those containing chiefly starch, sugars, refined fats and oils, 

or alcohol. Two daily servings of high-protein meat alternatives, 

such as legumes, nuts, peanut butter, meat analogs, dairy products or 

eggs are recommended. Thus, with a few alterations of the average 

American non-vegetarian diet, a healthful lacto-ovo-vegetarian diet 

can be consumed.

The purpose of this project is to determine if a 

lacto-ovo-vegetarian diet is nutritionally adequate. Adequacy is 

determined by various clinical, biochemical, and dietary measures.

The results of these measures of lacto-ovo-vegetarians are statisti

cally compared to those of non-vegetarians in a control group.

Interest has been in the biochemical determination of choles

terol, triglyceride and lipoprotein values of subjects on the 

lacto-ovo-vegetarian diet. This study quantitatively measures the 

major serum fatty acids to determine if a statistical difference 

exists between lacto-ovo-vegetarian and non-vegetarian levels.



CHAPTER 2

PROCEDURE AND METHODS

The experimental design of the project is as follows: 

Clinical Measurements

Subjects

Ten lead females age twenty-seven through fifty-two years 

served in the project. A lead female is a woman who has children of 

school age living with her at the time of the study. The first five 

subjects were Black and the last five Anglo. Initial contact of the 

subjects was made by contacting a member of the local Black Seventh-Day 

Adventist church. She became my first subject after it was learned 

that she followed a lacto-ovo-vegetarian diet. She helped me locate 

my second subject. At the conclusion of each study with a subject 

thereafter, the name of another lacto-ovo-vegetarian subject was 

requested. The five Anglo subjects were members of the local Anglo 

Seventh-Day Adventist church. They were related in the same fashion 

as the Black subjects. All had been following a lacto-ovo-vegetarian 

dietary regimen at the time of the study for at least three months. 

Eight of the ten subjects had been on the lacto-ovo-vegetarian diet 

for a period of four years or more. Tucson, Arizona was the place of 
residence for all the subjects.
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The Seventh-Day Adventist Church does place importance on 

having a healthy body so, as they believe, a better spiritual body can 

grow within it. Thus, many members of the Seventh-Day Adventist church 

pay very careful attention to their diet. They feel that the flesh of 

animals is undesirable food for a healthy body. Therefore, it is 

eliminated from their diet. A no-flesh or lacto-ovo-vegetarian diet 

is a matter of individual choice for members of the Seventh-Day 

Adventist church though it is officially recommended.

Selected clinical, biochemical, and dietary measurements were 

made on each of the ten subjects. Five lead Anglo females who were 

being studies in our laboratory served as controls. They all resided 

in Tucson, Arizona, were non-vegetarian in diet and age twenty-seven 

through thirty-seven. Previous research on females living in this area 

has been performed by Kight and Sheehan (1972).

Blood and Urine Sample Analyses

Blood samples were collected by venipuncture at Tucson Medical 

Laboratories following an overnight fast. At this time, urine speci
mens were taken. Samples of the first five lacto-ovo-vegetarians were 

taken in the summer of 1974. Those of the last five 
lacto-ovo-vegetarians were collected that winter.

The Tucson Medical Laboratory staff analyzed each subject's 

serum for hemoglobin, hematocrit, total protein, albumin, 

albumin-globulin ration, vitamin C, vitamin A, carotene, glucose, 

total iron, total iron binding capacity and iron saturation. Lipo

protein determination, and phenotyping were also done. Urinanalysis

45



included color, pH reaction, specific gravity and gross microscopic 
analysis.

46

Dietary Information

A three-day history of the diet on non-consecutive days was 

recorded by each subject. Before making a record, the subjects were 
carefully instructed to list all they had eaten on those three days. 

Food models were shown them to illustrate three ounce meat portions, 

one-half cup of vegetables or eight ounces of a liquid. It was stressed 
that the amount of food eaten, as recorded on the dietary history, 

should be as accurate as possible.

The diet records were evaluated for the following nutrients: 

calories, protein, fat, carbohydrate (total and fiber), ash, calcium, 

phosphorus, iron, sodium, potassium, vitamin A, thiamine, riboflavin, 

niacin, ascorbic acid, total saturated fatty acids, oleic, linoleic, 

and total cholesterol levels. The University Computer and the 1963 

revised edition of Handbook No. 8, USDA were used for the nutrient 

analysis. Recommended Dietary Allowances (EDA) for 1973 were used to 
evaluate the subject's diets. Average daily intake for each nutrient 

was calculated. These results were compared with the RDAs.

The frequency of food intake, food habits, and acceptance of 
foods were recorded in interview sessions. Notation was made of any 

supplementation to the diet.
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Biochemical Lipid Determination

Total Lipids

Lipids were extracted from a 2 ml. aliquot of the serum in a 

CHgOHzCHClg (2:1) solution (Bligh and Dyer 1959). Following extraction 

of the lipids from the serum, the solvent was evaporated in a vacuum 

oven. The lipid residue was weighed and recorded in milligrams of 

lipid per 100 ml. of serum.

Total Lipid Fatty Acids

The methyl esters of the fatty acids were prepared with 5% 

HgSO^-CHgOH (Drysdale and Billimoria 1960). The fatty acid esters were 

purified by thin-layer chromatography on activated silica gel plates 

with a pentane, di-ethyl ether and glacial acetic acid liquid solvent 

phase. Analysis of the fatty acid methyl esters was accomplished with 

a Beckman Gas Chromatograph 72-5. The column used was coated with 10% 

EGSS-X, six feet in length, on a 100/120 mesh. Nitrogen was the 

carrier gas at a rate of 40 ml./min. and an inlet pressure of fifty 

pounds. Column temperature was held at 170° C. and elevated to 185° C. 

for more rapid detection of the long chain fatty acid, arachidonic.
The accuracy of the analysis was checked with a standard fatty acid 

mixture.

The eight major fatty acids detected were recorded and a 

mechanical recorder integrated the area under the peaks of the fatty 

acids. Relative percentage concentration of each fraction was then 
calculated from the total area integrated.
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Statistical Treatment

The mean, standard deviation and standard error were calculated 

for the dietary, biochemical, and clinical data obtained. Statistical 

evaluation of these data were made by the t test, F test, and the 
chi-square test, at a .01 level of confidence.



CHAPTER 3

RESULTS AND DISCUSSION

By all measures used in this study, the lacto-ovo-vegetarians 

were determined to be healthy. Some of the tests showed a difference 

between the mean lacto-ovo-vegetarian measures but none of these dif

ferences were significant. All biochemical determinations showed 

readings within accepted clinical norms (Appendix A). The following is 

a discussion of calories, protein, lipids, fiber, iron, vitamins, and 

the clinical, dietary and biochemical parameters pertaining to each.

Calories

Mean caloric consumption by the lacto-ovo-vegetarian and 

non-vegetarian females was 96.8% and 78.9% respectively (Table 1).

Two each of the lacto-ovo-vegetarians and the non-vegetarians consumed 

only two-thirds of the PDA, which is 2000 Kcal. per day for women 

age twenty-three through fifty (Appendix B). A frequent concern of 

nutritionists is that those on a vegetarian diet do not come up to 

caloric energy needs (Register and Sonnenberg 1973). Often when one 

changes to a diet of non-flesh foods, it is observed that fruits, 

vegetables, and basically few caloric-containing foods are eaten. How

ever, the lacto-ovo-vegetarian diet is almost identical to the average 

American diet except for the elimination of meat. In practice, the 

nutritional composition of this type of diet can be strengthened by the 

foods which replace meat.
49
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TABLE 1

A COMPARISON OF TOTAL CALORIC CONSUMPTION AS PERCENT 
OF THE RDA FOR LEAD FEMALE LACTO-OVO-VEGETARIANS 

AND NON-VEGETARIANS

Lacto-ovo-vegetarian Non-vegetarian
a bMean S.D. Mean S.D. S.E.

Calories, % RDA 96.8 20.12 78.90 24.53 11.82

^Standard deviation of the mean.

^Standard error of the difference between means.

Only three lacto-ovo-vegetarians and one non-vegetarian subject 

recorded intakes over 100% of the RDA for total calories (Appendix B). 

Hardinge and Stare's (1954a) female lacto-ovo-vegetarian subjects con

sumed a mean of 2458 Real, per day or 117% of the 1973 RDA for calories 

and the non-vegetarians consumed a mean of 2690 Real. per day or 128% 

of the 1973 RDA for calories. Thus, it could be possible that total 

caloric energy needs of women have decreased over the last twenty-five 
years. In general, it has been observed (Guthrie 1971) that the total 

caloric intakes of Americans has been declining. It has been suggested 

that this is due to decreased levels of activity. Kirkeby's (1966) 

study showed adult lacto-ovo-vegetarian women to consume 2328 Real, per 

day on the average or 116% of the 1973 RDA.

Since fewer caloric-containing foods are eaten, body weight is 

often less in vegetarians. Numerous studies including Hardinge and 

Stare's (1954b) show that lower average weights are found as the degree 

of vegetarianism increases. Percentage body fat is a good indicator
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of how close one is to his desired weight. The normal amount of body 

fat present in the body is approximately 20%. The lacto-ovo-vegetarians 

showed a lower mean percentage body fat than the non-vegetarians but 

this difference was not significant (Appendix C). Lacto-ovo-vegetarians 

showed 19.4% body fat and non-vegetarians 20.3% (Table 2).

TABLE 2
A SUMMARY OF BODY FAT PERCENTAGES OF LACTO-OVO-VEGETARIAN 

AND NON-VEGETARIAN LEAD FEMALES— PERCENT 
OF TOTAL BODY MASS THAT IS FAT

Lacto-ovo-vegetarian 
Mean S.D.

Non-vegetarian 

Mean S.D. S.E.

Body Fat 19.4 3.78 20.3 3.88 2.09

The type of food calories consumed in the diet is also impor

tant. A recent study by the U.S.D.A. (1977) indicates that current 

consumption of fat is 42%, protein 12%, and carbohydrate 46% of the 

diet. Recommendations made recently by the Senate Select Committee on 

Nutrition and Human Needs suggest that dietary goals be adapted to 

include a 30% fat, 12% protein, and 58% carbohydrate diet.

For this study Atwater's approximation for caloric energy 

values was calculated from the gram amounts consumed of each type of 

food (Appendix D). This is the 4-9-4 system establishing 4 Kcal. per 

gram for carbohydrate, 9 Kcal. per gram for fats, and 4 Kcal. per gram 
for protein. The results of this project showed that the 

lacto-ovo-vegetarians consumed a mean of 21.99% of their calories as



52

protein, 51.32% as carbohydrate, and 31.47% as fat (Table 3). Mean 

consumption of the non-vegetarians was 16.16% of calories as protein, 

44.44% as carbohydrates, and 39.27% as fat. Hardinge and Stare's 

(1954b) study showed the mean percentage intake of calories from fat 

in the diet of the lacto-ovo-vegetarian to be 33.3% and for the 

non-vegetarian, 41%. Carbohydrate and protein percentages were similar.

TABLE 3
PERCENTAGE PROTEIN, CARBOHYDRATE, AND FAT IN THE DIET 
COMPARED BETWEEN LEAD FEMALE LACTO-OVO-VEGETARIANS 

AND NON-VEGETARIANS

Lacto-ovo-vegetarian 
Mean S.D. Mean

Non-vegetarian

S.D. S.E.

Calories, 
% protein 21.99 8.25 16.16 18.06 6.65

Calories,
% carbohydrate 51.32 9.42 44.44 5.32 4.59

Calories, 
% fat 31.47 6.37 39.27 4.59 3.22

Proteins

Selected determinations were made of the subjects' blood serum. 

Of special interest in this study are the protein values, both serum 

and dietary, since the type of protein in the diet of the 

lacto-ovo-vegetarian is different than that of the non-vegetarian.

The lacto-ovo-vegetarian chooses more food from plant sources.
Dietary intakes of protein well-exceeded the RDA for
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total protein (Appendix B). Vegetable protein mixture containing 

soybean, wheat, peanut, or yeast is used as a meat substitute in the 

diets of the lacto-ovo-vegetarians in this study. Register et al. 

(1967) found that this mixture when used as a meat substitute was suf

ficient to maintain nitrogen balance in the diet (nitrogen-balance 

studies are often taken as sufficient proof of protein quality). If 

nitrogen balance is maintained, the protein is assumed to be of ade
quate quality. Other studies, including that of Mirone (1954) suggest7
that vegetable protein can be substituted for animal protein.

In Hardinge, Crooks, and Stare's (1966) study of vegetarian 

diets, it was found that lacto-ovo-vegetarian females consumed on the 

average 81.3 gm. of protein and the non-vegetarian females, 93.1 gm. 

Analysis of the kinds of protein consumed was made in this project.

The non-vegetarians consumed more of all the essential animo acids 

than the lacto-ovo-vegetarians. But, for all, the essential anmino 

acid intake well exceeded 200% of the requirement, which for cystine 

was 175%. Since the protein intake of both groups was equal to or 

exceeded the RDA, it appears that above a certain level of dietary 

protein intake, whether of plant or animal origin, the level of serum 

protein concentration is not measurably affected. Dietary levels of 

protein have been established for years as 1 gm./kg. body weight 

(Sherman 1920). These subjects generously exceeded this minimum 

requirement.

Comparison of the heights and weights of lacto-ovo-vegetarians 
and non-vegetarians showed no significant differences (Hardinge, 

Crooks, and Stare (1966). Blood pressure and pulse were normal for
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these subjects as they were for those in this study (Appendix C). 

Average lacto-ovo-vegetarian blood pressure was 120/70, pulse 71, and 
for non-vegetarians, blood pressure 112/75, pulse 76. Average height 

for both groups was 165 cm. and average weight, 61 kg. Laboratory 

findings for Hardinge1s groups also showed hemoglobin and hematocrit, 

as well as total protein, albumin, albumin-globulin ratio to be normal.

Those results for this study were also normal (Tables 4,5, 6). 
Mean lacto-ovo-vegetarian total serum protein determinations showed 

7.1 g./lOO ml. and that of the non-vegetarians to be 7.0 g./lOO ml. 

(Table 4). Complete laboratory compilations are found elsewhere 

(Appendix E).

TABLE 4

COMPARISON OF TOTAL SERUM PROTEIN LEVELS OF 
LACT0-0V0-VEGETARIANS AND NON-VEGETARIANS

Lacto-ovo-vegetarian Non-vegetarian

Mean S.D. Mean S.D. S.E.

Total protein, 
g./lOO ml. 7.1 0.26 7.0 0 0.12

The serum albumin fraction of the plasma averaged 4.6 g./lOO ml. 

for the lacto-ovo-vegetarians and 4.5 g./lOO ml. for the non-vegetarians 

(Table 5). Albumin-globulin mean ratio for the lacto-ovo-vegetarians 

was 1.8/1 and the non-vegetarians showed the same ratio (Table 5).

Both of these determinations are within normal limits (Appendix A).
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LACTO-OVO-VEGETARIAN AND NON-VEGETARIAN LEAD FEMALE 
ALBUMIN AND ALBUMIN-GLOBULIN 

RATIOS COMPARED

Lacto-ovo-vegetarian 

Mean S.D.
Non-vegetarian 

Mean S.D. S.E.
Albumin, 
g./lOO ml. 4.6

1.8/1
.28

.35
4.5

1.8/1
.22
.28

.14

.18

Hematological tests yielded the following results.
Lacto-ovo-vegetarians showed mean hemoglobin values of , / n• o g./loo ml
and the non-vegetarians. 13.9 g./loo ml. Mean Hematocrit for th ‘ 

lacto-ovo-vegetarians was 38.11 and for the non-vegetarians. 41.1
(Table 6).

TABLE 6

COMPARISON OF LACTO-OVO-VEGETARIAN AND NON-VEGETARIAN 
LEAD FEMALE HEMATOCRIT AND HEMOGLOBIN

Lacto—ovo—■vegetarian Non-vegetarian
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No significant differences were found between the 

lacto-ovo-vegetarian and non-vegetarian determinations for any of the 
above parameters.

Lipids

It must be taken into account that mean total caloric per

centage of fat in the diet was 31.47% for lacto-ovo-vegetarians and 

39.27% for the non-vegetarians (Table 3). The lacto-ovo-vegetarian 

amount is not significantly different from the non-vegetarian but it 

is closer to that value recommended by so many researchers including 

Vergroesen (1977). Kirkeby (1966) found his lacto-ovo-vegetarians to 

ingest as much as 37% fat calories in the diet. Vergroesen1s recom

mendations call for one-third of a 35 to 40% Real, fat diet to be 

linoleic acid. Neither the non-vegetarians or the lacto-ovo-vegetarians 

in this study approached this value; the mean for lacto-ovo-vegetarians 

was 5.88% and for non-vegetarians, 7.86% (Appendix F).

Since differences in dietary fat are important in this study, 

serum cholesterol and triglycerides are noted carefully. As is pointed 

out in a summary of vegetarian dietaries, as the degree of 

non-vegetarianism increases, the serum cholesterol increases (Register 

and Sonnenberg 1973). However, the results obtained in this study 

showed the opposite result; the mean lacto-ovo-vegetarian cholesterol 

was 189 vig.% and for non-vegetarians, 150 yg.%. Triglyceride averages 

for lacto-ovo-vegetarians were 115 yg.% and non-vegetarians, 101 yg.%

(Table 7).



57

TABLE 7

COMPARISON OF SERUM LIPIDS OF LACTO-OVO-VEGETARIAN 
AND NON-VEGETARIAN LEAD FEMALE GROUPS

(Complete laboratory findings are contained in Appendix E)

Lacto-ovo--vegetarian Non-vegetarian

Mean S.D. Mean S.D. S.E.

Cholesterol, 
vg.% 189 30.90 150 10.50 14.44
Triglycerides, 
ug. % 115 32.69 101 8.71 14.47

Total lipids, 
mg./lOO ml. 636 35.68 437. 5 36.78 19.73

The most striking thing to be noted when studying Table 7 is 

the difference between mean total lipids for lacto-ovo-vegetarians and 

non-vegetarians. The mean for lacto-ovo-vegetarians was 636 mg./lOO ml. 

and for non-vegetarians, 437.5 mg./lOO ml. On statistical analysis, 

the t test yielded a significant result but, on further investigation, 

the chi-square test suggested that this sample would not normally 

distribute itself in the population as a whole. So, the mean total 

lipid difference between lacto-ovo-vegetarians and non-vegetarians was 

not significant. It is, nonetheless, a very intriguing result since 
lacto-ovo-vegetarians, overall, are suggested to have lower blood serum 

levels (Register and Sonnenberg 1973 and Hardinge and Stare 1954a).
In attempting to explain this surprising finding, lipoprotein 

levels (Table 8) and fatty acid levels (Table 9) were analyzed. 

Lipoprotein values showed no startling results.
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Beta-lipoprotein mean for lacto-ovo-vegetarians was 42.6 and 

for non-vegetarians, 45.4. Pre-beta lipoprotein averages showed 14.8 
lacto-ovo-vegetarian and 10.8 non-vegetarian. Alpha-lipoprotein mean 

was 40.9 for lacto-ovo-vegetarians and 42.4 for non-vegetarians. Full 

laboratory findings suggest no obvious explanation for the high 

lacto-ovo-vegetarian total lipid serum value (Appendix G).

TABLE 8

A COMPARISON OF LIPOPROTEIN PATTERNS OF LEAD FEMALE 
LACTO-OVO-VEGETARIANS AND NON-VEGETARIANS

Lacto-ovo-vegetarian Non-vegetarian

Mean S.D. Mean S.D. S.E.

beta-lipoprotein 42.6 5.64 45.4 6.11 3.17
prebeta lipoprotein 14.8 5.17 10.8 8.66 2.70

alpha-lipoprotein 40.9 4.68 42.4 7.13 3.04

Fatty acid serum levels also provided no new, exciting revela

tions. No significant differences were found between 

lacto-ovo-vegetarians and non-vegetarian means (Appendix H).

Prior to this study, it was thought that lacto-ovo-vegetarians 

consumed a diet higher in polyunsaturated fats than non-vegetarians 

(Kirkeby 1966). This would include foods such as fruits and vegetables, 

nuts and cereals. However, after study on these lacto-ovo-vegetarian 

subjects was made, it was discovered by means of the food frequency 

questionnaire that these lacto-ovo-vegetarians substituted a higher 

intake of dairy foods, notably cheese and eggs, for the lack of meat
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TABLE 9

A COMPARISON OF SERUM FATTY ACID LEVELS OF FASTING LEAD FEMALE 
LACTO-OVO-VEGETARIAN AND NON-VEGETARIAN SUBJECTS

(The amount of each fatty acid given is a percentage of the 
total area shared by all the fatty acids detected)

Lacto-ovo-vegetarians 
age 27-52

Mean S.D.

Non-vegetarians 
age 27-37

Mean S.D. S.E.

12:0 0.46 0.17 0.41 0.14 0.09

14:0 1.72 0.64 1.47 0.50 0.33

16:0 22.67 1.87 22.99 2.16 1.08

16:1 3.23 1.08 3.12 1.16 0.61
18:0 8.29 1.19 8.62 0.55 0.56

18:1 20.29 1.84 21.21 1.34 0.93
18:2 36.51 3.08 35.36 2.44 1.48
20:4 6.92 1.39 6.81 0.44 0.65
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in their diet as compared to their non-vegetarian counterparts.
Thus, a surprisingly high intake of saturated fatty acids was indi

cated in the Food Frequency questionnaire. Notably, the polyunsatur- 

rated fatty acid to saturated fatty acid ratio was not significantly 

different. The mean ratio for the non-vegetarians was 1.68/1 and 

for the lacto-ovo-vegetarians, 1.72/1 (Appendix F).

Clinical determinations (Appendix C) such as an average height 

of 165 cm. for lacto-ovo-vegetarians and 166 cm. for non-vegetarians 

showed no difference. Weight averaged 61 kg. for both 

lacto-ovo-vegetarians and non-vegetarians. Body fat percentages for 

lacto-ovo-vegetarians was 19.4 on the average and for non-vegetarians, 

20.3, which was not a significant difference.

On further investigation of the lipid determinations, it 
should be noted that five of the lacto-ovo-vegetarian subjects were 

Black and five were Anglo. In view of a recent study by Tyroler et 

al. (1975) on Black-White differences, lipid results were reviewed 

for Black lacto-ovo-vegetarian females versus White 

lacto-ovo-vegetarian females in this study (Table 10). The Black 
mean total lipid value was 698.9 mg. per 100 ml. and for Whites it 

was 537.5 mg. per 100 ml. Triglyceride, cholesterol, and total lipid 

values showed a higher value for the five Blacks. Also, 

alpha-lipoproteins were lower and beta- and pre-beta-lipoproteins 

were higher for Blacks. All these were surprising in contrast to

Tyroler's results.
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COMPARISON OF BLACK-WHITE MEAN LIPID DETERMINATIONS 
FOR LACTO-OVO-VEGETARIAN FEMALES

TABLE 10

Black White

Triglycerides, 
g. percent 116.6 110.8

Cholesterol, 
g. percent 206.8 170.8

Alpha-lipoproteins, 
percent 39.4 42.4

Beta-lipoproteins, 
percent 43.6 41.6

Pre-beta-lipoproteins, 
percent 15.2 14.4

Total lipids,
mg. lipid per 100 ml. 698.9 573.5

However, in view of some of the clinical determinations made 

on these subjects, the results may not be so startling. The average 

age for the Black subjects was 40.6 years and for Whites, 33.8 years 

(Appendix E). The mean weight for Blacks was 66 kg. and for Whites, 

56 kg. The mean height was 165 cm. for Blacks, and 164 for Whites 

(Appendix C). In other words, the Blacks were older and heavier 

but almost the same height as the Whites. Possibly, these physical 

differences account for the higher lipid determinations for the 

Black lead female lacto-ovo-vegetarians, and subsequently, for all 

the lead female lacto-ovo-vegetarians in this study.
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Fiber

From the three day diet record, the amount of fiber intake 
was greater for the lacto-ovo-vegetarians than for the non-vegetarians 

(Table 11). Lacto-ovo-vegetarians consumed an average of 6.3 gm.

This difference was not significant.

TABLE 11

A COMPARISON OF THE TOTAL DIETARY FIBER OF LEAD FEMALE 
LACTO-OVO-VEGETARIANS AND LEAD FEMALE 

NON-VEGETARIANS

Lacto-ovo-vegetarian Non-vegetarian

Mean, gm. S.D. Mean, gm. S.D. S.E.

Fiber total, gm. 6.30 2.62 4.12 1.45 1.27

The Hardinge et al. (1958) study showed 12.6 gm. total fiber 

per day for lacto-ovo-vegetarians and 8.4 gm. for non-vegetarian adult 

females which was a significant difference. It was suggested from this 

work that a higher dietary fiber intake may have a cholesterol-lowering 

effect since the lacto-ovo-vegetarian subjects in Hardinge1s study had 

lower serum cholesterol levels, though no direct evidence was cited 

for this. Certainly one might expect the fiber content of the diet 

to markedly affect the bacterial flora, which in turn might affect 

cholesterol metabolism. Also the generous intake of fiber in the 

diet of the lacto-ovo-vegetarian adult females appears to be wholly 

compatible with the normal functioning of the gastrointestinal tract



since constipation is practically unknown in those following this 

dietary regime.
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Iron

Iron is one nutrient in the diet of particular interest since 

it has been realized that a deficiency of iron in the diet of the 

average woman exists (Guthrie 1971). For women the Food and Nutri

tion Board of the National Research Council stresses the use of foods 

high in iron since it is virtually impossible to obtain the recom

mended 18 mg. of iron on a diet of less than 3000 Kcal., which is 

considerably more energy than the 2000 Kcal. required by this group.

As can be noted from the results of this study (Table 12), 

both lacto-ovo-vegetarian and non-vegetarian ladies exhibit low serum 

iron values; the lacto-ovo-vegetarian ladies being lower than the 

non-vegetarians though the results were not significantly different. 

Mean total iron for the lacto-ovo-vegetarians was 72 yg./lOO ml. and 

for the non-vegetarians 103 pg./lOO ml. Mean iron binding capacity 

was 321 pg./lOO ml. for lacto-ovo-vegetarians and 317 yg./lOO ml. for 

the non-vegetarians. Iron saturation averaged 22.3% and 32.0%, 
respectively.

Since the lacto-ovo-vegetarians exclude meat from their diet, 
all-important iron is found only in the whole grains, prunes 

raisins, molasses and the green, leafy vegetables of the diet. Nine 

lacto-ovo-vegetarians and all the non-vegetarian subjects showed less 

than 90% of the Recommended Dietary Allowance for dietary intake of 

iron (Appendix B). This is certainly an indication that few women
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eat the recommended dietary intakes of iron. It would appear to be a 

problem of not only lacto-ovo-vegetarians but also non-vegetarians.

TABLE 12

A COMPARISON OF SERUM IRON LEVELS FOR LEAD FEMALE 
LACTO-OVO-VEGETARIAN AND NON-VEGETARIAN 

SUBJECTS

Lacto-ovo-vegetarian Non-vegetarian

Mean S.D. Mean S.D. S.E.

Total iron,
yg./lOO ml. 71.5 25.67 101.8 76.90 26.13

Iron binding 
Capacity, 
yg./lOO ml. 320.7 32.69 317.4 23.56 16.53

Iron saturation.
percent 22.30 8.64 32.0 20.50 8.09

Vitamins

Provitamin A, carotene, and vitamin A are closely related 
since carotene must be split in half to make true vitamin A. One 

lacto-ovo-vegetarian and two non-vegetarians exhibited low dietary 

levels of this vitamin (Appendix B). The reasons generally offered 

for a deficiency of this vitamin are poor food choice, for, on the 

average, there is more than enough vitamin A for everyone. The rich 

yellow and green vegetables contain so much of this vitamin.

Dietary ascorbic acid intakes are universally high for the 

lacto-ovo-vegetarians and non-vegetarians in this study (Appendix B). 

The region where these subjects live must be considered when reviewing
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these data. Southeast Arizona is known for its abundance of 

citrus fruits due to local production. Kirkeby (1966) showed 

high dietary intakes of both vitamin A and C which he indicated were 

indicative of the high vegetable content of the lacto-ovo-vegetarian 

diet. A comparison of the serum levels of vitamin A, vitamin C and 

carotene showed all subjects to have normal levels of these nutrients 

(Table 13). Lacto-ovo-vegetarians had 0.8 mg./lOO ml. and 
non-vegetarians had 1.72 mg./lOO ml. vitamin C on the average in their 

fasting blood serum. The average vitamin A level was 99 yg./lOO ml. 

for lacto-ovo-vegetarians and 102 pg./lOO ml. for non-vegetarians. 

Carotene averaged 159 g./lOO ml. for lacto-ovo-vegetarians and 

145 g./lOO ml. for non-vegetarians. In comparing these serum 

vitamin levels between the two groups, the results were not 

significantly different.

TABLE 13

A COMPARISON OF SELECTED SERUM VITAMIN LEVELS OF LEAD FEMALE 
LACTO-OVO-VEGETARIANS AND NON-VEGETARIANS

Lacto-ovo--vegetarian Non-vegetarian
Mean S.D. Mean S.D. S.E.

Vitamin C, 
mg./lOO ml. 0.80 0.48 1.72 1.13 0.41
Vitamin A, 
g./lOO ml. 99 21.47 102 18.70 11.31
Carotene, 
g/100 ml. 159 92.77 145 38.12 15.23
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While exact reasons for calcium lacks in the diet are unknown, 

it looks as if cultural patterns are mainly responsible. One pattern 

is a tendency to reject "fattening" foods such as milk products or to 

refuse those same foods out of concern for the amount of cholesterol 

they contain since cholesterol in the diet has been implicated in the 

diet as a potential cause of coronary heart disease (Jollife and 

Archer 1959). Other good calcium sources, such as nuts and legumes, 
are also cut back out of fear of overweight. Another cultural pattern 

is a growing decline in the use of vegetables, especially those such 

as dark green leafy ones. Also with the common exclusion of milk and 

milk products from the diet by women it becomes difficult to attain 

the dietary requirement of 800 mg. per day of calcium. Six 
lacto-ovo-vegetarians and three non-vegetarians showed dietary 

calcium intakes of less than 90% of the Recommended Dietary Allowance 

(Appendix B).

Phosphorus is generally considered to be of little problem in 

the American diet. In addition to milk products, phosphorus is found 

in meat and cereal and subsequently there is little problem for women 

to meet the Recommended Dietary Allowance. However, if caloric 

intakes are low, even phosphorus mineral intakes can be low.

Two of the non-vegetarian subjects in this study showed intakes 
from the diet below the Recommended Dietary Allowance for phosphorus 

but these subjects also were very low in total calories (Appendix B).

A niacin deficiency is less likely than that for most other 
B-vitamins because, unlike most B-vitamins, niacin can be stored in 

the liver. Less than a quarter pound of meat provides about a third
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of the day's Recommended Dietary Allowance. Grains, nuts, and beans 

are other excellent sources. Another factor which makes it difficult 

to attain a dietary niacin deficiency is that the body can manufacture 

this nutrient from the amino acid, tryptophan. Therefore, a diet 

rich in proteins is likely to be niacin-safe. All subjects in this 

study ingested 100% or more of the Recommended Dietary Allowance for 

niacin (Appendix B).

A 60% intake of the Recommended Dietary Allowance for both 
thiamine and riboflavin was indicated for one lacto-ovo-vegetarian and 

one non-vegetarian subject (Appendix B). The riboflavin and thiamine 

dietary deficiency in the diet of these women may be explained by 

the great concern with overweight and popular concepts about 

"fattening" foods. Thiamine and riboflavin are found in pork, beans, 

peas, enriched and whole-grain flours, milk, cheese, ice-cream, and 

eggs. Often the aforementioned foods are eliminated from the diets 

of weight-conscious women.



CHAPTER 4

CONCLUSIONS

The purpose of this project was to determine the nutritional 

adequacy of the lacto-ovo-vegetarian diet. Results of the chemical, 
biochemical, and dietary data on the lacto-ovo-vegetarians were 

evaluated and compared to non-vegetarians who served as controls.

From the results of these data it can be assumed that the 

lacto-ovo-vegetarian diet is nutritionally adequate.

Clinical and biochemical determinations showed measures within 

the normal range. Body fat percentages were lower for 
lacto-ovo-vegetarians but not by a significant amount. No significant 

differences were found between lacto-ovo-vegetarians and control 

non-vegetarian biochemical values though higher mean cholesterol, 

triglyceride and total lipid measures were recorded. This observation 

is different than that obtained in previous studies. Non-vegetarians, 

previously, have shown higher cholesterol levels than vegetarians.

The probable explanations for this result include an unusually high 

intake of saturated fats by lacto-ovo-vegetarians, surprising P:S 
ratios, and unusual black-white lipid differences. Nonetheless, as 

expected, dietary records did show lower percentage fat intakes for 

lacto-ovo-vegetarians than non-vegetarians, and higher fiber intakes. 

Otherwise, lower than acceptable intakes were shown for both calcium 

and iron for lacto-ovo-vegetarians and non-vegetarians. Low iron
68



intake is a recognized problem in the American dietary and was 

reflected in low biochemical iron values for both lacto-ovo-vegetarian 

and non-vegetarian subjects. Total caloric intake was low for both 

groups. Determination of serum fatty acids did not elicit anything 

surprising in view of the other findings made on lacto-ovo-vegetarian 

and non-vegetarian subjects. The serum fatty acid levels of the two 
groups were not significantly different.

As a follow up to this project further nutritional assessment

69

is suggested.



APPENDIX A

THE ACCEPTED CLINICAL NORMS OF BIOCHEMICAL MEASURES 
FOR FEMALES OF PREMENOPAUSAL CONDITION

Total protein: 6.0-8.0 g./ml.

Albumin: 3.5-5.0 g./ml.
A/G Ratio: 1.5-2.5/1

Hemoglobin: 11.5-15.5 g./lOO ml.

Hematocrit: 37-47%

Vitamin C: 0.2-2.0 mg./lOO ml.

Vitamin A: 50-200 yg./lOO ml.
Carotene: 50-300 yg./lOO ml.

Glucose: 65-110 mg./lOO ml.

Cholesterol: 150-300 g%

Triglycerides: 50-170 g%

Chylomicrons: 0% total

B-lipoproteins: 42-72% total
PreB-lipoproteins: 10-36% total

A-lipoproteins: 3-29% total

Iron: 60-135 yg./lOO ml.

Iron binding capacity: 250-350 yg./lOO ml.
Iron saturation: 20-50%
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APPENDIX B

DIETARY NUTRIENT INTAKE EXPRESSED AS PER CENT OF THE 
RECOMMENDED DAILY ALLOWANCE FOR FEMALES 

AGE 23-50
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TABLE B.l

EXPERIMENTAL: DIETARY NUTRIENT INTAKE EXPRESSED AS PER CENT OF THE
RECOMMENDED DAILY ALLOWANCE FOR FEMALES, AGE 23-50

Subject Number— Lacto-ovo-vegetarian
Mean 1 2 3 4 5 6 7 8 9 10

Calories 96.8 80.04 89.06 64.16 91.34 74.58 135.77 89.20 155.66 68.46 120.45

Protein 221.13 142.63 176.98 124.13 355.24 292.86 343.71 168.11 215.30 139.30 253.02

Calcium 108.18 78.13 161.81 105.36 79.41 89.72 74.38 65.32 262.15 39.41 126.15

Phosphorus 152.95 93.61 184.92 114.77 149.09 105.69 167.47 128.62 304.91 103.95 176.51
Iron 65.60 59.11 68.22 31.77 77.11 38.72 105.50 54.61 85.00 55.39 80.56
Vitamin A 216.51 324.71 215.72 174.23 374.03 373.42 198.53 50.73 150.57 165.77 137.44

Thiamine 127.7 100.00 119.00 91.00 149.00 69.00 195.00 124.00 157.00 136.00 127.00

Riboflavin 120.38 79.17 156.67 112.50 100.00 115.45 83.33 92.50 274.16 60.83 129.17

Niacin 199.65 156.62 182.85 121.69 271.77 230.00 318.76 162.23 235.00 172.92 241.85
Ascorbic Acid 326.92 60.69 377.64 457.11 367.87 176.56 361.80 376.80 350.88 331.07 408.73
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TABLE B.2

CONTROL: DIETARY NUTRIENT INTAKE EXPRESSED AS PER CENT
OF THE RECOMMENDED DAILY ALLOWANCE FOR FEMALES,

AGE 23-50

Subject Number— Non-vegetarian 

Mean 1 2 3 4 5

Calories 78.90 119.46

Protein 143.47 228.82

Calcium 141.92 388.88

Phosphorus 142.62 283.23

Iron 53.36 61.39

Vitamin A 155.79 138.89

Thiamine 124.20 164.00
Riboflavin 118.5 239.17

Niacin 209.37 281.85

Ascorbic Acid 429.97 221.16

83.46 59.81 70.21 61.54

139.96 132.02 131.70 84.96
52.17 125.65 84.02 58.86

148.27 78.11 121.74 81.76
66.39 41.56 57.22 40.22

118.33 81.54 351.04 89.14

226.00 66.00 83.00 82.00

96.67 100.00 96.67 60.00

189.38 204.62 186.77 136.00

844.04 217.69 289.31 577.67



APPENDIX C

A COMPARISON OF CLINICAL DETERMINATIONS OF LEAD FEMALE 
LACTO-OVO-VEGETARIANS AND NON-VEGETARIANS

Blood Height Weight Body Fat
Pressure Pulse cm. kg. Percentage

Lacto-ovo-
Vegetarians

1 125/70 72 170 62 16.3
2 115/65 70 161 51 13.6
3 120/70 72 165 69 25.6
4 130/80 72 160 73 25.0
5 130/90 70 172 75 20.5
6 120/70 70 168 58 18.0
7 120/70 66 163 57 20.4
8 115/70 72 168 63 20.5
9 110/70 72 157 49 16.8

10 115/65 72 163 52 17.6

Mean 120/72 71 164.7 60.9 19.4

Non-
Vegetarians

1 95/65 72 170 67 19.8
2 120/80 86 162 58 19.4
3 110/70 86 164 67 19.6
4 120/80 59 164 60 26.8
5 115/80 79 169 53 16.2

Mean 112/75 76 165.8 61.0 20.3
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APPENDIX D

A CONTRAST OF THE CALORIC DISTRIBUTION OF THE THREE DAY 
DIET RECORD FOR LEAD FEMALE LACTO-OVO-VEGETARIANS 

AND NON-VEGETARIANS

Subject
Mean Daily 

Caloric Intake
Calories 
%RDA 1973

Calories
%Protein

Calories
%CHO

Calories
%Fat

Lacto-ovo-
Vegetarian

1 1600.81 80.04 16.39 67.19 21.69
2 1781.26 89.06 18.28 59.06 25.96
3 1283.28 64.16 17.80 46.54 38.51
4 1826.81 91.34 35.89 45.06 24.64
5 1342.37 74.58 40.15 32.67 31.81
6 2715.56 135.77 23.29 52.30 30.76
7 1784.06 89.20 17.33 59.36 28.25
8 3113.21 155.66 12.73 51.10 40.75
9 1369.16 68.46 18.72 51.15 35.15

10 2408.96 120.45 19.33 47.83 37.13

X 1922.55 96.87 21.99 51.32 31.47

Non-
Vegetarian

1 2389.27 119.46 15.11 43.29 41.43
2 1669.27 83.46 15.43 36.86 41.49
3 1196.12 59.81 20.31 49.18 31.42
4 1404.27 70.21 17.26 42.99 42.88
5 1230.88 61.54 12.70 49.89 39.15
X 1577.96 78.90 16.16 44.44 39.27
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APPENDIX E

LABORATORY DETERMINATIONS ON THE BLOOD OF 
LEAD FEMALE LACTO-OVO-VEGETARIANS 

AND NON-VEGETARIANS
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TABLE E.l

EXPERIMENTAL: LABORATORY DETERMINATIONS ON THE BLOOD OF LEAD FEMALE LACTO-OVO-VEGETARIANS

Mean
Value 1 2  3 4 5 6 7 8 9  10

43 52 31 32 44 35 27Age of Subject 37.2 40 35 33
Years Lacto-ovo 
vegetarian 21 1 4

Hemoglobin 
g./100 ml. 13.0 12.0 12.7 11.7
Hematocrit,
percent 38.1 38.1 37.3 35.4
Total Protein, 
g./lOO ml. 7.1 7.2 7.2 7.0

Albumin, 
g./lOO ml. 4.6 4.7 4.4 4.3

A/G Ratio 1.8/1 1.8/1 1.5/1 1.5/1

Vitamin C, 
yg./lOO ml. 0.8 1.40 1.70 0.63

Vitamin A, 
yg./lOO ml. 99 84 116 122

13 0.25 31 5 10 35 5.5

13.1 12.9 13.8 13.5 13.0 13.5 13.9

38.7 37.3 41.1 39.8 37.0 37.3 39.3

7.0 7.4 6.8 7.5 6.5 7.1 7.1

4.4 4.4 4.6 5.1 4.6 4.8 4.7

1.6/1 1.4/1 2.0/1 2.1/1 2.4/1 2.0/1 1.9/1

0.38 0.13 0.80 0.61 1.10 0.50 0.80

115 97 122 80 83 59 109



TABLE E.l, Continued

Mean
Value 1 2 3 4 5 6 7 8 9 10

Carotene, 
ug./100 ml. 159 163 146 230 119 192 144 173 125 106 187

Glucose, 
pg./lOO ml. 83 83 87 77 79 100 89 80 75 90 71

Total Iron 
yg./lOO ml. 71.5 102 48 61 83 83 64 111 73 22 68

Iron binding 
capacity, 
yg./lOO ml. 320.7 287 291 360 343 303 375 309 312 282 345
Iron saturation, 
percent 22.3 36 16.5 17 24 27 17 36 23 7 19.7
Cholesterol,
yg.% 189 193 190 232 169 250 160 198 164 167 165
Triglycerides, 
yg.% 115 93 138 124 120 113 55 83 nr 135 170

Total lipid
mg. lipid/100 ml.
serum 636 720.0 850.0 737.5 510.0 675.0 407.5 715.0 660.0 505.0 580.0
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CONTROL: LABORATORY DETERMINATIONS ON THE BLOOD OF
LEAD FEMALE NON-VEGETARIANS

TABLE E.2

Mean 1 2 3 4 5

Age of Subject 
Hemoglobin,

31.2 33
g./lOO ml. 

Hematocrit,
13.9 14.1

percent 
Total Protein,

41.2 41.0
g./lOO ml. 

Albumin,
7.0 7.1

g./lOO ml. 4.5 4.6
A/G Ratio 
Vitamin C,

1.8/1 1.8/1
yg./lOO ml. 

Vitamin A,
1.72 0.86

yg./lOO ml. 
Carotene,

102 102
yg./lOO ml. 

Glucose,
145 110

Vg./100 ml. 
Total Iron,

82 74
yg./lOO ml. 

Iron binding 
capacity.

101.8 106

ug./ioo ml.
Iron saturation.

317.4 315
percent
Cholesterol,

32 34
yg.%

Triglycerides,
150 146

yg.%
Total Lipid, 
mg. lipid/100 ml.

101 94

serum 437.5 467.5

37 27 29 30

14.9 12.0 13.4 14.9

42.8 38.0 38.0 46.0

7.2 6.8 7.0 7.0

4.8
2.0/1

4.2
1.6/1

4.8
2.1/1

4.2
1.5/1

1.14 1.50 1.40 3.70

108 126 100 74

110 125 307 72

88 83 92 71

232 48 59 68

327 306 288 351

71 15 20 20

137 150 166 151

113 95 96 108

455 427.5 377.5 460



APPENDIX F

COMPARISON OF THE PERCENT OF TOTAL CALORIES OF LINOLEIC 
ACID IN THE DIET OF LEAD FEMALE LACTO-OVO-VEGETARIAN 

AND NON-VEGETARIAN SUBJECTS

Lacto-ovo-
vegetarians

% of Total Calories 
as Linoleic Acid

Non-
Vegetarians

% of Total Calories 
as Linoleic Acid

1 1.78 1 5.70

2 3.77 2 11.21

3 9.85 3 3.38

4 6.48 4 11.36

5 5.29 5 7.67

6 7.70 Mean 7.86

7 4.85

8 6.20

9 6.50

10 6.40

Mean 5.88
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APPENDIX G
A COMPARISON OF LIPOPROTEIN PATTERNS OF LEAD FEMALE 

LACTO-OVO-VEGETARIANS AND NON-VEGETARIANS

(Each lipoprotein is expressed as a percentage value 
for the total lipoprotein in fraction)

B-LP PreB-LP cx-LP
Phenotype Chylomicrons (LDL) (VLDL) (HDL)

Lacto-ovo-
Vegetarian

1 Normal -0- 40 13 45
2 Normal —0— 46 20 33
3 Normal —0- 46 11 41
4 Normal -0- 36 20 42
5 Normal -0- 50 12 36
6 Normal -0- 44 9 46
7 Normal -0- 50 12 36
8 Normal -0- 35 23 40
9 Normal -0- 43 9 47

10 Normal -0- 36 19 43

Mean 42.6 14.8 40.9

Non-
Vegetarian

1 Normal -0- 41 16 41
2 Normal -0- 51 9 39
3 Essentially N —0— 42 14 43
4 Normal -0- 53 10 35
5 Essentially N -0- 40 5 54

Mean 45.4 10.8 42.4
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APPENDIX H

SERUM FATTY ACID LEVELS OF FASTING LEAD FEMALE 
LACTO-OVO-VEGETARIAN AND NON-VEGETARIAN 

SUBJECTS
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TABLE H.l

EXPERIMENTAL: SERUM FATTY ACID LEVELS OF FASTING LEAD
FEMALE LACTO-OVO-VEGETARIAN SUBJECTS

(The amount of each fatty acid given is a percentage of 
the total area shared by all the fatty acids

detected)

Lacto-ovo-
Vegetarian 12:0 14:0 16:0 16:1 18:0 18:1 18:2 20:4

1 .47 2.58 22.60 4.47 8.24 18.83 35.40 7.39

2 .51 1.27 20.57 3.24 8.36 19.50 38.75 7.80

3 .54 1.70 23.61 1.67 9.14 18.77 36.18 9.38

4 .86 2.68 27.82 2.82 8.45 20.36 30.94 6.07

5 .15 .75 23.43 1.94 8.96 19.10 38.21 7.46

6 .42 2.36 21.46 5.05 8.41 21.72 32.99 7.57
7 .43 1.35 21.10 2.96 6.96 20.23 39.67 7.31

8 .39 1.75 21.16 3.88 10.56 23.50 34.17 4.58

9 .51 1.16 21.39 3.83 6.29 22.82 38.88 5.12
10 .38 1.58 23.56 2.44 7.54 18.01 39.96 6.52

Mean .46 1.72 22.68 3.23 8.29 20.29 36.51 6.92
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TABLE H.2

CONTROL: SERUM FATTY ACID LEVELS OF FASTING LEAD
FEMALE NON-VEGETARIAN SUBJECTS

(The amount of each fatty acid given is a percentage of 
the total area shared by all fatty acids 

detected)

Non-
Vegetarian 12:0 14:0 16:0 16:1 18:0 18:1 18:2 20:4

i .31 1.00 22.08 2.04 9.40 22.08 36.35 6.75

2 .60 1.80 22.44 4.21 8.62 19.69 34.67 8.01

3 .37 1.47 22.60 3.32 8.35 22.85 33.91 7.12

4 .53 2.12 26.72 4.23 7.94 20.11 32.80 5.55

5 .26 .98 21.12 1.79 8.81 21.37 39.06 6.61

Mean .41 1.47 22.99 3.12 8.62 21.21 35.36 6.81



APPENDIX I

COMPARISON OF THE POLYUNSATURATED TO SATURATED FATTY ACID 
RATIO OF LEAD FEMALE LACTO-OVO-VEGETARIAN AND 

NON-VEGETARIAN SUBJECTS

Lacto-ovo-
Vegetarian

Polyunsaturated to 
Saturated Fatty Acid 
Ratio in the Diet

Non-
Vegetarian

Polyunsaturated to 
Saturated Fatty Acid 
Ratio in the Diet

1 1.08/1 1 1.69/1

2 1.30/1 2 1.86/1

3 1.88/1 3 1.31/1

4 1.93/1 4 1.86/1

5 1.96/1 5 1.68/1

6 1.85/1 Mean 1.68/1

7 1.74/1

8 1.80/1

9 2.09/1

10 1.65/1

Mean 1.73/1
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