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Two studies which were similar in protocol were conducted. 

Following a preliminary baseline period of 7 days, in which the 

subjects consumed their self-chosen diets, they received 3 eggs daily 

for 4 weeks.  Depending upon the changes in plasma cholesterol in 

response to 3 eggs daily, the subjects in studies A and B were 

divided into 2 groups.  During the subsequent 4 week treatment 

period, the hyporesponders received 6 eggs daily in study A, and 3 

eggs and additional butter daily in study B.  The hyperresponders 

consumed 3 eggs daily in study A; and 3 eggs with additional high 

PUFA margarine in study B.  Dietary records were taken during the 

last 7 days of each period. A total of 128 seven-day dietary records 

kept by these subjects indicated that the majority of them met the 

RDA's for the nutrients studied, except vitamin B6 and folacin. 

Vitamin B6 intakes were below 67% of the RDA in 13% of the diets, and 

were below 67% of the RDA for folacin in 21% of the diets. There was 

a problem in meeting 67% of the RDA for zinc in subjects who consumed 



less than 70 g. of protein daily. 

When the subjects added 3 whole eggs daily to their self-chosen 

diets, there were significant increases in protein (p<0.05), total 

fat (p<0.01), phosphorous (p<0.01), sodium (p<0.001), iron (p<0.05), 

and dietary cholesterol (p<0.0001). A significant decrease in 

non-egg dietary cholesterol (p<0.01) was also observed. There were 

no significant differences in nutrient intake between hypos and 

hypers in either the baseline or classification periods. No further 

changes in nutrient intakes were seen in the 9 subjects who continued 

consuming 3 added eggs daily during treatment period.  The 13 

hyporesponders who added 6 eggs daily to their self-chosen diets had 

significant increases, compared to baseline, in protein (p<0.05), 

total fat (p<0.05), and dietary cholesterol (p<0.0001) and 

significant decreases in carbohydrate (p<0.01), thiamin (p<0.05), and 

vitamin B6 (p<0.05). Other than obvious increases in total fat, no 

other changes in nutrient intake were observed upon the addition of 

butter or margarine.  The use of nutritional supplements was observed 

in 71% of the subjects: 58% regularly and 13% occasionally. All 

subjects who took supplements included vitamin C.  In general, 

nutrient supplements did not improve poor nutrient intakes. These 

results show overall adequacy of the diets for most of the men, which 

is consistent with other studies.  The effects of additional egg in 

the diet were increases in protein, fat and cholesterol intakes and a 

decrease in carbohydrate consumption. 
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EFFECT OF THREE LEVELS OF DIETARY EGG ON THE 

NUTRIENT INTAKE OF FREE-LIVING, MIDDLE-AGED MEN 

INTRODUCTION 

Elevated plasma cholesterol levels have been positively 

correlated to the incidence of coronary heart disease (CHD) 

(Scrimshaw and Gerzman 1968, Truswell 1978, NHLBI 1984) and to 

certain dietary habits (Messinger and Steele 1950; Keys 1952, 1970; 

Connor 1961; Ehnholm et al. 1982). Although the association with CHD 

has been widely accepted, there has been a controversy spanning the 

past 30 years as to whether or not diet plays an important role in 

the occurrence of CHD.  The popular diet-heart theory (Brown 1971) 

suggests that decreasing the amounts of total fat, saturated fat and 

cholesterol in the diet lowers elevated plasma cholesterol levels. 

There is strong evidence that lowering total fat intake and partial 

replacement of saturated fatty acids with polyunsaturated fatty acids 

(PUFA) lowers plasma cholesterol levels (Erickson et al. 1964, Keys, 

Anderson and Grande 1965), thereby imparting a beneficial decrease in 

the incidence of CHD (Shekelle et al. 1981, Glueck 1979). 

Studies done on the effect of dietary cholesterol on plasma 

cholesterol levels, reviewed by McGill (1979), are neither consistent 



nor conclusive. Large population studies on healthy people show no 

difference in mean plasma cholesterol levels when differences exist 

in dietary cholesterol intakes of the population studied (Keys et al. 

1965, Nichols et al. 1976b, Dawber et al. 1982). In controlled 

studies that used liquid diets with added egg yolks or crystalline 

cholesterol, subjects consistently showed increased plasma 

cholesterol levels (Connor, Hodges and Bleiler 1961, Erickson et al. 

196A, Applebaum-Bowden et al. 1979). When eggs were added to diets 

in metabolic or free-living studies, plasma cholesterol significantly 

rose in more than half of the subjects (Mahley et al. 1978, Mistry et 

al. 1981). However, when free-living men consumed one or two eggs 

daily in addition to their self-chosen diets there were no 

significant changes in mean plasma cholesterol levels, although 

individual responses varied considerably (Slater et al. 1975, Porter 

et al. 1977, Kummerow et al. 1977, Flynn et al. 1979). An 

explanation for these individual variations among subjects has not 

been proposed. 

A possible reason for these varying plasma cholesterol responses 

to egg among individuals could, at least in part, be dietary factors 

other than cholesterol. Unfortunately, little information is 

available from these diet studies about the subjects' usual nutrient 

intake, particularly regarding vitamins and minerals. Learning more 

about nutritional adequacy of individuals would be desirable in 

understanding the diet-heart question. This is particularly true for 

middle-aged men, for whom dietary information is limited to the large 

population diet surveys such as the HANES I (1977) and the Hawaii 



(NFCS 1981) studies. Additionally, these surveys were based on 

24-hour dietary recalls (Marr 1971, Beaton et al. 1979) and evaluate 

only energy, protein, carbohydrate, fat and a limited number of 

vitamins and minerals.  They also have the disadvantage, as do all 

larger surveys, that high mean intakes of any nutrient by some 

individuals mask low or inadequate nutrient intakes of others (BANES 

I 1977). 

Revelant questions remain regarding middle-aged men's usual 

nutrient intakes and the effect of egg intake upon their diets.  Do 

middle-aged men's diets meet the RDA?  Is there a difference between 

the diets of men whose plasma cholesterol levels increase in response 

to egg and of those who do not? How does the addition of larger 

amounts of egg affect other nutrient levels in the diet besides 

energy and cholesterol? 

The purpose of this study was to evaluate the average intake of 

23 dietary components by free-living, healthy middle-aged men 

consuming their self-chosen diets, the nutrient changes in men's 

diets when 3 and 6 eggs are added daily and whether or not margarine 

or butter, when added to the men's self-chosen diets along with 3 

eggs daily, affect the men's nutrient intake.  These data were 

obtained from middle-aged men who participated in one or two studies 

on the effect of eggs on plasma lipids. 



REVIEW OF LITERATURE 

Diet Recording Methods 

Determining people's dietary habits and nutrient intake has 

become increasingly important in recent years because researchers and 

the general public have become more concerned about diet and its 

effects on health and disease.  Numerous studies over the past 40 

years have looked into diet recording methods and interpretation of 

dietary data, but the problems of reproducibility and validity have 

not been fully resolved. Marr (1971) and Block (1983) reviewed 

various methods for measuring dietary intake, including the relative 

merits and restrictions of each. 

For research on the habitual food intakes of free-living 

subjects, 7-day dietary records kept by subjects seem to be practical 

and provide more reliable data than other recording techniques 

(Acheson et al. 1980). The 7-day dietary record involves keeping an 

account of all food and beverages consumed, including portion sizes 

and methods of preparation. Advantages of the 7-day dietary record 

are: subjects have a better memory of the foods eaten since they 

record their intakes as the food is consumed; daily fluctuations in 

food choices are accounted for because of the length of the recording 

period; and the results are reproducible (Block 1983). Disadvantages 

1.  St. leor. Guthrie and Jones (1983) found that energy, 
protein, and fat intakes varied significantly from day to day. 



include: the length of time it takes for the subjects to record their 

diets; the training, cooperation and incentive needed by the subjects 

to record their diets for 7 days; the time needed to convert this 

information into nutrient intake; and the subjects may eat 

differently, consciously or unconsciously, during the recording 

period for convenience or to please the investigator (Mojonnier and 

Hall 1968, Acheson et al. 1980, Block 1983).  Seven-day dietary 

records have not been used in population studies or even in smaller 

studies on free-living men. the one exception being the National 

Diet-Heart Study (Mojonnier and Hall 1968). 

Another diet recording method frequently used is the dietary 

history or food frequency questionnaire (as used in the Nationwide 

Food Consumption Surveys (NFCS 1982, 1983), the Tecumseh (Nichols et 

al. 1976a, 1976b), Western Electric (Shekelle et al. 1981), and 

Zutphen (Kromhout 1983) studies.  The results can be representative 

of groups and are used for looking at dietary intake over a period of 

time. Problems with this recording method include: the interview is 

time consuming; validation of the subjects' responses is desirable, 

but not always possible; and standardized questionnaire forms, food 

models, and interviewing techniques are lacking, which may introduce 

large errors (Mojonnier and Hall 1968, Marr 1971, and Karvetti and 

Knuts 1981). 

The 24-hour recall method is used for most dietary intake 

research (e.g. HANES I (HANES I 1977), HANES II (Swan 1983), 

Ten-State nutrition survey (USDHEW 1972), and MRFIT (MRFIT 1982)) 

because it is easy to use and is more objective than the food 



frequency questionnaires.  There are, however, problems such as 

underestimating intake of calories, protein and some nutrients; lack 

of uniformity in handling data which may contribute to the variance 

in nutrient intake among and between studies; and using data 

inappropriately to assess individual dietary habits and nutrient 

intake (Mojonnier and Hall 1968; Madden, Goodman, and Guthrie 1976; 

Acheson et al. 1980; and Carter, Sharbaugh, and Stapell 1981). 

Household Food Consumption Surveys 

Early food intake studies, reviewed by Henderson (1972) and 

Welsh and Maraton (1982), were based only on food taken off the 

market shelf for consumer use.  Though this "market basket" measure 

of dietary adequacy does not account for food wastage, age or sex 

differences of household members, these early studies provided an 

indication of how lifestyles have been modified in the last 70 years. 

The most noteworthy trend from 1909 to 1980 is the greater than 30% 

increase in total fat intake (Table 1).  The type of fat consumed has 

also changed: use of vegetable fats have increased three-fold, while 

animal fats have been cut by half.  This was due to the importation 

of vegetable oils, beginning in 1911, and the popularity of 

vegetable-based shortenings and margarines (Henderson 1972).  Since 

1909, carbohydrate consumption has dropped dramatically, leading to a 

marked decrease in the percent calories contributed by this nutrient 

to total energy intake.  Thiamin, riboflavin and niacin intakes 



increased, in spite of decreased carbohydrate consumption, due to the 

enrichment of breads and cereals by these nutrients through the 

Enrichment Act of 1942 (Hamilton and Whitney 1982). 

In the 1930's the United States Department of Agriculture (USDA) 

began an ongoing program called the Nationwide Food Consumption 

Survey (NFCS) to continually measure food intake patterns of the 

American people.  Table 2 compares the results of the 1955, 1965-66 

(Henderson 1972), and 1977-78 NFCS (NFCS 1982) studies.  These 

surveys do not attempt to show individual nutrient intakes or explain 

the great variation among households, but rather to show the major 

food patterns in home consumption.  The most notable pattern observed 

in the NFCS's over the past 20 years is the decreased consumption of 

meat, poultry and fish, as well as fruits and vegetables.  The drop 

in meat consumption per household is not a reflection in decreased 

meat intake per capita (Table 1 shows that the percent contribution 

to total food energy from protein has not changed since 1909-13), but 

rather the 16% decrease in household size from the 1965-66 survey to 

the 1977-78 survey.  On a person-to-person basis, consumption of 

meat, poultry, fish, fruits and vegetables actually rose in the 

1977-78 survey over the 1965-66 NFCS.  Nuts, honey and yogurt have 

become more popular as well as soft drinks and alcohol.  The 1977-78 

NFCS. which also surveyed dietary intakes by regions in the U.S., 

found that diets in the western states were higher than the national 

average in milk, fruits and vegetables, but were lower in meat, 

potatoes, bakery products and beverages than the other regions in the 

U.S. (NFCS 1983). 



Nutrient Consumption Surveys on Individuals 

As an extension of the 1977-78 NFCS, 24-hour dietary recall 

records of 3,024 individuals were obtained in Hawaii during the 

winter of 1978 (NFCS 1981). There were 246 male participants between 

the ages of 35 and 50. The mean intake and percent of Recommended 

Dietary Allowances (RDA) for total calories and 14 nutrients for 

these men are given in Table 3. Since nutrient intakes above 

two-thirds of the RDA are often deemed adequate (Hamilton and Whitney 

1982), these men. on the average, met their nutrient needs for the 

vitamins and minerals in question. 

The First Health and Nutrition Examination Survey (HANES I 

1977), conducted from 1971-74, also measured food intakes of 

individuals by 24-hour dietary recall. The results in Table 3 show 

sufficient nutrient consumption by adult men of all social and racial 

groups.  Comparing the results of the HANES I to those of the Hawaii 

study (Table 3), we find some marked differences.  The HANES I 

results show higher intakes than the Hawaii study in almost every 

nutrient reported, especially energy (13-20% difference) and calcium 

(36-39% difference). When comparing the nutrient content of the 1980 

U.S. food supply per capita (Table 1) to the HANES I, the results are 

similar to mean intakes when we account for waste or spoilage in the 

U.S. food supply. 

Unfortunately, only a few studies, such as the HANES I and 

Hawaii studies, have been done on the nutrient intake of middle-aged 

men.  The Ten-State nutrition survey (USDHEW 1972) only studied 



population subgroups thought to have special nutritional problems. 

Most smaller studies do not report baseline nutrient intakes because 

it is not the focus of the research.  Table 4 includes a group of 

diet-heart disease-related studies conducted on middle-aged men which 

reported mean intakes of various dietary components from their 

subjects' customary, self-selected diets. 

Dietary Intake and CHD 

The history of how diet was identified as a risk factor in CHD 

is reviewed by Ernst and Levy (1980). They suggest that as people in 

the 20th century learned of CHD's relation to elevated plasma 

cholesterol levels, deteriorating coronary arteries and development 

of atherosclerosis, researchers began to investigate ways to slow the 

progression of these CHD symptoms. As a result, dietary habits 

became a focal point of inquiry.  The question was no longer whether 

diet is associated with CHD in any way, but to what extent does diet 

influence the development of CHD? 

The emphasis on diet began in the early 1950*8 with a series of 

studies which showed lower plasma cholesterol levels in persons when 

total dietary fat was lowered. Keys et al. (1957) demonstrated that 

a high PUFA diet decreased plasma cholesterol levels in middle-aged 

men, while an isocaloric amount of saturated fat in the diet of these 

men increased plasma cholesterol levels.  Keys et al. concluded that 
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on the per gram basis PUFA have half the effect of lowering plasma 

cholesterol levels as saturated fatty acids have in elevating plasma 

cholesterol levels.  This effect was also seen in the National 

Diet-Heart Study (Brown 1971) where various test diets of low and 

high fat and cholesterol showed a positive correlation between 

elevated plasma cholesterol levels and both dietary cholesterol and 

saturated fat. A discussion of further investigations into dietary 

fat and its association to elevated plasma cholesterol levels and the 

development of atherosclerosis is given by Glueck, Mattson and 

Jandacek (1979). 

Dietary studies in man on the significance of dietary 

cholesterol to plasma cholesterol levels are numerous and 

inconclusive. Reviews by Mann (1977), Truswell (1978), and McGill 

(1979) cover the main body of literature on this topic through the 

late 1970*s. Each of these reviews concluded that population studies 

show no direct association of dietary cholesterol to plasma 

cholesterol, that there is much individual variation among subjects 

in their response to dietary cholesterol, and that the role of other 

dietary components besides fat have not been fully explored. 

Several studies have been conducted to test whether plasma 

cholesterol levels in man are related to certain dietary factors. 

The mean nutrient content of the control or pretreatment diets of 

these men are summarized in Table 4.  Three studies, the Tecumseh 

(Nichols et al. 1976a), Western Electric (Shekelle et al. 1981), and 

Zutphen (Rromhout 1983), were designed to observe dietary intake and 

measure plasma cholesterol with no dietary or drug intervention. 
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The Tecumseh study (Nichols et al. 1976a), which used 24-hour 

dietary recalls to determine the intake of their 957 male subjects, 

found that plasma cholesterol levels were unrelated to quality, 

quantity or proportion of dietary fat, protein or carbohydrate. 

Another report published by these researchers (Nichols et al. 1976b) 

assessed long-term dietary habits of 1,952 men from the Tecumseh area 

by food frequency interviews.  They again found that plasma 

cholesterol levels were not positively correlated to the consumption 

of fat, sugar, starch or alcohol, but found a significanct 

correlation of increased plasma cholesterol levels to the degree of 

adiposity in their subjects. 

The Western Electric study (Shekelle et al. 1981) evaluated the 

diet and plasma cholesterol in 1,900 men over a 20-year period. 

Results of this study show that the incidence of heart disease is 

inversely related to the intake of PUFA and positively correlated to 

the intake of dietary cholesterol, a conclusion inconsistent with the 

results of the Tecumseh study. 

The Zutphen study (Kromhout 1983) was a 10-year investigation 

of 751 men, ages 40-59 years, to determine the relationship of 

anthropometric data, as well as dietary and plasma cholesterol to the 

incidence of CHD.  In comparing the results of the initial and final 

dietary histories, significant positive correlations were seen 

between percent of total calories from alcohol and gain in body 

weight to plasma cholesterol levels.  Changes in dietary cholesterol 

consumption over the 10 years were only "weakly" related to plasma 

cholesterol levels by multivariate analysis. The Tecumseh and 
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Western Electric studies also indicated that increased body weight in 

their subjects was positively related to elevated plasma cholesterol 

levels. 

Over the past 35 years the Framingham study has been observing 

the effects of diet and environment on the development of CHD in 

5,127 free-living individuals from the Framingham, Mass. area. 

Several reports reviewed by Dawber et al. (1982) have been published 

conveying the various results which have helped establish the 

importance of hypertension, cigarette smoking and 

hypercholesterolemia as risk factors in CHD. Although the bulk of 

the data from this study positively relates the incidence of CHD to 

higher plasma cholesterol levels, there has been no definite 

relationship shown between the dietary intakes of individual subjects 

and their plasma cholesterol levels. 

The Multiple Risk Factor Intervention Trial (MRFIT 1982) looked 

at the influence of diet on plasma cholesterol levels in 12,866 

high-risk men, ages 35-57 years, over a 7-year period. Dietary 

modification, which included decreasing cholesterol intake in half of 

these men, did not significantly reduce the incidence of CHD, 

compared to the other half who served as controls (no dietary 

intervention). Data from the 24-hour dietary recalls taken before 

dietary intervention are given in Table 4. 

Even if these large surveys show no relationship of diet to 

plasma cholesterol, we now know that there is a direct tie between 

plasma cholesterol levels and heart disease.  The recently published 

results of the 10-year investigation by the National Heart, Blood, 
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and Lung Institute (NHBLI 1984) regarding the beneficial effect of 

the bile acid sequestrant, cholestyramine, on plasma cholesterol 

levels has proven that reducing elevated plasma cholesterol 

significantly decreases the number of fatal and non-fatal heart 

attacks.  Although the independent effect of this drug in reducing 

CHD has been shown in this study, the association of restricting 

dietary cholesterol in normal diets to the reduction of CHD risk has 

not been proven. 

Effect of Egg on Plasma Cholesterol 

Since eggs are high in cholesterol, much attention has been 

given to the relationship of this food to plasma cholesterol levels. 

Consumption of eggs has markedly decreased over the past 25 years 

(Table 2) owing, in part, to the concern that dietary cholesterol 

leads to increased risk of CHD.  It is estimated that the average 

number of eggs eaten by the American population now is less than one 

per day (Truswell 1978). Total dietary cholesterol intake from a 

typical western diet is thought to be approximately 500 mg. per day 

(Sabine 1977), which agrees with the studies reported in Table 4. 

One of the earliest studies to link dietary cholesterol to 

elevated plasma cholesterol levels was conducted by Messinger and 

Steele (1950). They gave 24 subjects, ages 46-69 years, who were 

diagnosed as having atherosclerosis, egg yolk powder for 48 days, and 
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saw an average rise in plasma cholesterol levels of 31 mg./dl. 

Keys et al. (1956), who conducted a series of studies which 

included adding egg yolks containing 500-600 mg. cholesterol for 4 

weeks to the diets of men, found no significant changes in mean 

plasma cholesterol levels.  However, Keys et al. reported that 

variations were seen among individuals in plasma cholesterol levels 

in response to the added egg yolk. 

For a total of 13 weeks, Connor et al. (1961) gave 6 healthy 

men, ages 41-52 years, 4 different liquid formula diets containing no 

cholesterol, 475 mg. to 950 mg. cholesterol from egg yolk, or 1,200 

to 2,400 mg. crystalline cholesterol.  They found that plasma 

cholesterol levels of the subjects significantly decreased when the 

diets contained no cholesterol and significantly increased when 

either egg yolk or crystalline cholesterol was added to the diets. 

In another study Connor, Stone, and Hodges (1964) took 6 healthy men, 

ages 24-47 years, and added egg yolks and beef (providing 725 mg. of 

cholesterol) to controlled diets that were also high in PUFA or 

saturated fat.  The subjects' plasma cholesterol increased 

significantly in response to the high cholesterol diets and decreased 

when the cholesterol was removed. The results also showed that 

plasma lipids did not change as the fatty acid composition of the 

diet was made more unsaturated.  Connor et al. concluded that the 

addition of 725 mg. of cholesterol in the diet caused a significant 

increase in mean plasma cholesterol levels, even when the diet had a 

high PUFA content. 

Erickson et al. (1964) also showed significant increases in 
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plasma cholesterol when egg yolk powder (supplying 742 mg. 

cholesterol) was added to diets containing different types of fats. 

Again, the type of fat used in the diets, whether the P/S ratio was 

high or low, did not alter plasma cholesterol responses to the egg 

yolk powder. 

The problem with these early studies was the use of formula 

diets and dried egg yolks, which are not customarily eaten by the 

general population. Also, survey studies were not showing a 

relationship of dietary cholesterol intakes in individual subjects to 

their plasma cholesterol levels (Keys et al. 1956, Keys et al. 1965). 

In particular, one of the Framingham study reports (Dawber et al. 

1982) concluded that there was no relationship between egg intake' and 

incidence of CHD in 912 subjects whose dietary histories were taken 

periodically from 1949 to the 1960l8. 

Because of the discrepencies in results between controlled 

studies and the lack of association in population surveys of dietary 

cholesterol to plasma cholesterol levels, researchers began studying 

the responses of individual subjects on their self-selected diets 

with cholesterol added in the form of fresh eggs. The influence of 

whole eggs on the plasma cholesterol levels in 121 subjects was 

studied independently at three different hospitals (Kummerow et al. 

1977). The subjects were fed 2 whole eggs (550 mg. cholesterol) 

daily in addition to the general hospital diet. Plasma cholesterol 

levels in the majority of the subjects did not significantly change 

either 5 hours after or after 54 days of egg consumption at any of 

the study sites. 
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A study conducted by Porter et al. (1977), where 114 healthy, 

middle-aged men, ages 30-60 years, consumed one egg daily (274 mg. 

cholesterol) with their self-selected diets for 3 months, resulted in 

no significant plasma cholesterol changes. Flynn et al. (1979) 

repeated this study with 116 healthy men, ages 32-62 years, for 3 

months, but added two eggs daily (648 mg. cholesterol) instead of one 

to their subjects' self-selected diets. No change in mean plasma 

cholesterol was seen, though individual responses varied somewhat. 

Three studies were carried out on men eating self-chosen diets 

by Slater et al. (1975): 2 eggs were added daily for 6 weeks to the 

diets of young men, ages 20-30 years, in two of the studies; and one 

egg was added daily for 8 weeks to the diets of middle-aged men, ages 

41-66 years, in one study. No significant changes in the plasma 

cholesterol values were observed in any of the studies. 

Mahley et al. (1978) added 4-6 eggs daily (1,100-1,600 mg. 

cholesterol) to the self-chosen diets of 6 healthy, adult males for 4 

weeks; and 3 eggs daily (750 mg. cholesterol) for 18 weeks to 6 other 

healthy, adult males eating self-chosen diets.  In both groups, 

plasma cholesterol levels increased in half of the subjects, while 

plasma cholesterol levels in the other half of the subjects did not 

change. 

Mistry et al. (1981), however, reported significant increases in 

plasma cholesterol levels in response to 3 egg yolks (750 mg. 

cholesterol) added daily to self-selected diets of 14 men for 4 

weeks; and to 6 egg yolks (1,500 mg. cholesterol) added daily to 

self-selected diets of 37 men for 2 weeks. 
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To reduce bias by researchers and subjects alike, Roberts, 

McMurry and Connor (1981) in a double-blind, crossover study added 

1.75 cups whole egg (500 mg. cholesterol) and an egg substitute (no 

cholesterol) to the self-selected diets for 4 weeks each to 16 

subjects.  The mean plasma cholesterol concentration significantly 

increased during the whole egg periods compared to the baseline and 

egg substitute periods, indicating a hypercholesterolemic effect of 

dietary egg. 

Liebman and Bazzarre (1983) studied dietary fat and egg intakes 

in 36 vegetarian and 18 non-vegetarian males, ages 21-52 years. 

Vegetarian subjects differed widely in egg consumption, but no 

relationships were seen between dietary cholesterol or egg 

consumption and plasma cholesterol levels. However, in the 

vegetarian subjects whose total fat intakes were more than 35% of 

total food energy, plasma cholesterol levels were an average of 11% 

higher than those in vegetarian subjects with lower total fat 

intakes. Mean daily intake for certain dietary components taken from 

the studies conducted by Mistry et al. (1981), Roberts et al. (1981) 

and Liebman and Bazzarre (1983) are presented in Table 4. 

Why there are differences in the results among these egg studies 

in free-living men remains unanswered.  If plasma cholesterol levels 

were dependent upon the amount of cholesterol in the diet alone, 

subjects would consistently respond to added eggs in the diet in the 

same manner. Since this has not happened, it is reasonable to 

suggest that more than just dietary cholesterol or total fat 

influences plasma cholesterol levels in the general population. 



18 

Degree of adiposicity (Nichols et al. 1976b), plasma levels of LDLs 

(low density lipoproteins) (Sacks et al. 1984), exerceise. and 

increased plasma HDLs (high density lipoproteins) may all exert 

important effects upon the levels of plasma cholesterol and the risk 

of CHD (Mann 1977, Adner, and Castelli 1980; McNamara 1982). 

Effect of Eee on Dietary Components 

Few of the diet-heart disease studies using egg to increase 

dietary cholesterol reported the effect of eggs on intake of other 

dietary components.  Two studies (Porter et al. 1977 and Flynn et 

al. 1979) not only investigated the changes in plasma cholesterol 

from the addition of eggs to self-selected diets, but also the 

changes in dietary components (Table 5). 

Porter et al. (1977) observed that with the addition of one egg 

to self-selected diets, the subjects' intake of carbohydrate 

decreased significantly. Flynn et al. (1979), who added two eggs to 

their subjects' diets, found a small but insignificant decrease in 

carbohydrate consumption and significant increases in protein and 

total fat intake. 

Nutrient Supplementation 

Despite the popularity and considerable interest in vitamin and 

mineral preparations available in grocery and health food stores 

today, little is known about the actual amounts ingested of these 
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"supplements" by the American population.  One of the earliest 

studies on supplement usage polled 1,742 female nurses (an 87% 

response rate), ages 30-55 years, by questionnaire (Willett et al. 

1981). Results showed that 38% of the nurses took multivitamins; 4% 

took vitamin A; 23%, vitamin C; and 15%, vitamin E.  Most of the 

supplement users took more than one supplement regularly.  Daily 

modes of the specific vitamin supplements were high: 10,000 I.U. for 

vitamin A, 500 mg. for vitamin C, and 400 I.U. for vitamin E. 

Dietary intake for these nurses and the percent of total nurses who 

took some form of supplementation regularly were not reported. 

Two studies on supplement usage in the elderly have been 

published.  Read and Graney (1982) interviewed 170 people, ages 60 

years or older, at a dining hall for senior citizens to determine 

frequency and type of supplement usage.  Of those who responded, 66% 

indicated regular usage of one or more supplements.  Vitamin C was 

taken by 41% of the supplement users, vitamin E by 36%, multivitamin 

preparations by 27%, calcium by 25%, and potassium by 23%.  There 

were no correlations seen between income or educational levels and 

the use of supplements. No attempt was make to report dietary intake 

by either Willett et al. (1981) or Read and Graney (1982). 

Garry et al. (1982) obtained 3-day food records and supplement 

intakes from 270 free-living, middle income, healthy men and women, 

ages 60 years or more. Fifty-seven percent of the men (71 of the 125 

men in the study) indicated they routinely ingested one or more 

supplements.  Of the supplement users 31% took multivitamins, with 

95% of these individuals also taking one or more additional vitamin 
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or mineral preparations.  Vitamin C was the most commonly used 

nutrient supplement by the men (median was 600 mg. per day) even 

though more than 90% of these men received the RDA for vitamin C from 

their diets alone.  Of the water soluble vitamins, folacin was taken 

in the lowest amount compared to the RDA.  Folacin was shown in this 

study to be a problem nutrient for the men, whose average intake of 

this vitamin was 80% of the RDA.  There were no significant 

differences in mean dietary intake between supplement users and 

non-users, and those who took supplements for a certain nutrient had 

a slightly higher mean intake from diet alone for that nutrient. 

Bowerman and Harrill (1983) found that 53% of the 150 people who 

returned mailed questionnaires (an 84% response rate) took some form, 

of nutritional supplement regularly. Vitamin C preparations were the 

most popular form of supplementation (taken by 47% of the users), 

followed by multivitamins (35%), vitamin E (29%) and vitamin A (6%). 

The mode for vitamin C supplementation was 500 mg. per day. the same 

as reported by Willett et al. (1981). Three-day food records were 

also sent in by the participants. No significant differences in mean 

intakes of energy or the 10 nutrients studied were seen between 

supplement users and non-users. Bowerman and Harrill concluded that 

most of the supplement users did not need additional nutrient 

supplements; and that less than half of the participants, whose food 

records showed dietary intakes below 67% of the RDA for certain 

nutrients, took supplements to improve their low nutrient intake. 
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MATERIALS AND METHODS 

Subiects 

Twenty-three men between the ages of 30 and 55 years served as 

subjects in study A.  Their descriptive data are presented in Table 

6.  Selection was based on the subjects' responses to a detailed 

questionnaire (Appendix A) and a personal interview.  All subjects 

were in apparently good health and free from any known metabolic 

disease.  None had a history of heart disease or had used any 

medication for lowering plasma cholesterol.  Only one subject, number 

14, had an initial plasma cholesterol level which was above 250 

mg./dl. (313 mg./dl.).  Plasma cholesterol levels for the remaining 

subjects were within the normal range. Most of the subjects weighed 

within 10% of average weight for their height (Kiefer 1983) with 2 

subjects below 90% of the average weight and 6 subjects above 110% of 

the average weight.  All subjects completed study A except number 7, 

who dropped out during week 8 for personal reasons. Data from this 

subject were not included in the results. 

In study B, which was performed 15 months after study A, 21 men 

between the ages of 32 and 56 years were selected. Recruitment and 

selection of the subjects were the same as for study A.  Descriptive 

data on the subjects are presented in Table 7.  Twelve subjects had 

also participated in study A.  Two subjects had initial plasma 

cholesterol levels above 250 mg./dl.: number 9 (275 mg./dl.) and 

2 
number 13 (289 mg./dl.).  Subject number 12 took Lopressor and 

2. Metoprololtartate. Geigy Pharmaceuticals, 
Ardsley, NY 10502. 
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3 
Captopril for elevated blood pressure, but he was otherwise in good 

health.  Most subjects were within 10% of average weight for their 

height (Kiefer 1983) with 5 subjects below 90% of the average weight 

and 3 subjects above 110% of the average weight. All subjects 

completed the study except number 5 who could not continue after week 

5 for personal reasons.  Data from this subject were not included in 

the results.  Both studies A and B were approved by the Oregon State 

University Human Subjects Committee.  Each subject signed an informed 

consent form (Appendix B) before starting either of the studies. 

Experimental Design 

Study A 

The protocol for Study A is outlined in Figure 1.  This study, 

which was 78 days in length, was divided into three periods: 

baseline, classification, and treatment.  During the baseline period, 

days 1-7, the subjects ate their typical self-chosen diets and 

recorded their dietary intake.  On the morning of day 8, blood was 

drawn from the fasting subjects into vacutainers containing EDTA for 

the determination of plasma cholesterol and lipoproteins. 

During the classification period, days 8-42, each subject ate 

three eggs daily in addition to his self-chosen diet. Monday through 

Friday of each week the subjects came to the metabolic unit of Oregon 

State University Department of Foods and Nutrition for a free-choice 

noon meal at which they were served 3 cooked eggs.  On days when 

blood was drawn, a breakfast providing 3 eggs was served instead of 

3. l-((2S)-3-mercapto-2-methylpropionyl)-L-proline. 
Squibb & Sons, P.O. Box 4000, Princeton, NJ 08540. 
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lunch.  For the weekends, enough raw eggs were given to each subject 

to supply him with 3 eggs for each day he would be away from campus. 

The eggs, obtained by the Oregon State University Poultry Science 

Department, were graded large and came from the same breed of hens. 

The cholesterol content of each egg was estimated to be 274 mg. 

(Posati and Orr 1976). The 3 whole eggs consumed daily by the 

subjects increased their dietary cholesterol intake by approximately 

822 mg. per day (Table 8). A 7-day dietary record was taken on days 

31-37.  Blood was drawn from fasting subjects on the morning of day 

38 to determine plasma cholesterol and lipoprotein levels.  To allow 

adequate time for plasma cholesterol levels to be determined and 

treatment groups identified the subsequent period did not begin until 

day 43. 

During the treatment period, days 43-78, subjects were divided 

into two groups based on percent change in their total plasma 

cholesterol from day 8 to day 38. Subjects whose total plasma 

cholesterol increased more than 7.5% in response to the 3 eggs daily 

were classified as hyperresponders (hypers). Those subjects whose 

total plasma cholesterol increased less than 7.5% were classified as 

hyporesponders (hypos).  Subject number 10 was placed in the hypers 

group even though his plasma cholesterol level increased only 3.9%. 

The hypers continued to consume their normal self-chosen diet 

including the 3 eggs daily as in the classification period. The 

hypos ate 6 eggs daily in addition to their self-chosen diets: they 

received 3 eggs daily at the noon meal, as did the hypers, and 3 

additional eggs (raw) which they took home and ate before the next 
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day's noon meal.  They also continued consuming the 6 eggs daily 

during weekends.  Constant monitoring and encouragement, egg 

consumption records and an egg recipe board helped to maintain 

compliance by the subjects.  This group was fed 6 eggs daily to see 

if doubling the consumption of dietary cholesterol, to approximately 

1,644 mg. daily, would induce a response in their plasma cholesterol 

and lipoprotein levels.  Seven-day dietary records were again 

collected from all subjects on days 71-78. A final fasting blood 

sample was drawn for cholesterol and lipoprotein determinations on 

day 78. 

Each subject kept a complete record of alcohol intake and 

physical exercise during the entire study, days 1-78. The subjects' 

body weight in light street clothes without shoes was recorded each 

weekday, days 8-78, before the noon meal.  Subjects remained within 1 

kg. of their initial weight recorded on day 8 except number 6, who 

gained 4.1 kg., and number 21, who lost 5.5 kg. 

Study B 

The protocol for Study B is outlined in Figure 2.  Study B was 

similar to Study A in design and concept.  The study was 64 days in 

length and was divided into three periods:  baseline, classification 

and treatment. During the baseline period, days 1-7, the subjects 

kept complete diet records of their normal self-chosen diets.  On the 

mornings of days 7 and 8 fasting blood was taken for the 

determination of plasma cholesterol and lipoproteins.  Blood was 

drawn on 2 consecutive days at the end of each period in Study B so 
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that averaged total plasma cholesterol values could be obtained to 

correct for any fluctuation in plasma cholesterol levels. 

The classification period, days 8-34, was carried out in the 

same manner as the classification period in study A, with each 

subject consuming 3 eggs daily. Seven-day dietary records were taken 

for days 28 to 34 and fasting blood was drawn on the mornings of days 

34 and 35 for determination of plasma cholesterol and lipoproteins. 

Breakfast with 3 eggs was provided after all blood drawings as in 

Study A except for day 7. 

During the treatment period, days 35-63, the subjects were 

classified as either hypers or hypos, based on whether or not their 

plasma cholesterol levels increased more than 9.5% in response to the 

3 eggs daily.  There were two exceptions: subject number 13, who was 

placed in the hyperresponder group to determine if his plasma 

cholesterol would decrease after the treatment period (in study A his 

plasma cholesterol increased in response to eating 6 eggs daily); and 

subject number 21 who had a low initial plasma cholesterol, 126 

mg./dl., was placed in the hyporesponder group to see if, during the 

treatment period, his plasma cholesterol level would continue to rise 

(he had been a hyperresponder in study A). 

All subjects continued receiving 3 eggs daily during the 

treatment period but the type of fat they consumed was altered.  In 

addition to the 3 eggs daily hyperresponders were given 10% of their 

total caloric requirement as polyunsaturated margarine daily in 

addition to the 3 eggs. They were free to add this margarine to 

their diet as they wished.  Total calorie requirement for each 
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subject was based on computation of his dietary caloric intake during 

the baseline period, days 1-7, from his dietary records.  Saffola 

soft margarine was selected for its high PUFA content, 44.5 g. total 

PUFA per 100 g., and low saturated fatty acid level, 9.2 g. per 100 

g., (Reeves and Weihrauch 1979, pg. 85). Subject number 12, due to a 

prescribed low-sodium diet was given Mazola low-sodium margarine 

instead; PUFA level 25.0 g. per 100 g. (Reeves and Weihrauch 1979, 

pg. 65).  This high PUFA margarine was given to the hypers to 

increase their P/S ratio (PUFA/total saturated fat) and test the 

effectiveness of a higher PUFA diet in lowering plasma cholesterol 

(Hill, Reddy and Wynder 1979). The hyporesponders received 10% of 

their total caloric requirement as commercially purchased sweet-cream 

butter. Butter was used because of its high saturated fatty acid 

level, 50.5 g. total saturated fatty acids per 100 g. and low PUFA 

level, 3.0 g. total PUFA per 100 g. (Hill et al. 1979). The goal was 

to find if adding butter to a 3-egg a day diet would raise the plasma 

cholesterol levels of the hypos.  Seven-day dietary records were 

taken on all subjects from days 56 to 62. Fasting blood was drawn on 

the mornings of days 62 and 63 for the determination of plasma 

cholesterol and lipoproteins.  Since subjects number 9 and 13 were 

overseas during days 8-34 their 3 egg classification period was 

during days 35-62.  They ate the noontime meal with the other 

subjects, but did not consume any treatment margarine or butter 

during this time.  Instead, they were classified on day 63 and 

4. Saffola Co., 633 S. Mission Rd., Los Angeles, CA 90023. 
5. Best Foods, CPI International Inc., General Offices, 
Englewood Cliffs, NJ 07632. 
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continued the study another 27 days, days 63-90.  During this time 

they ate their 3 eggs and 10% of their caloric requirement as soft 

margarine (both were classified as hyperresponders) daily at home 

along with their self-chosen diets.  They came to the metabolic unit 

only on Fridays for the noontime meal.  Both recorded their dietary 

intake on days 84-90.  Fasting blood was drawn from both subjects on 

the morning of day 91 for the determination of plasma cholesterol and 

lipoproteins. 

Eggs 

Monday through Friday during the baseline and classification 

periods of studies A and B, the subjects consumed their midday meal 

at which they received their 3 or 6 eggs daily in the metabolic unit 

in the Department of Foods and Nutrition.  The requirement of coming 

to the metabolic unit was to assure consumption of the 3 eggs daily 

by each subject. There were several ways their eggs could be eaten: 

hard cooked, "special" daily recipe (e.g. omelet, custard, fritata, 

etc.) prepared by this investigator, or raw so the subjects could 

cook the eggs to their personal preference.  Soup, salad bar, 

sandwiches, beverages and dessert were also provided daily.  From 

these items the subjects were allowed to make their food choices 

freely. Though there was a variety of food choices available, the 

men usually chose the "special" daily egg dish as their main food 

item for lunch, then added a salad or sandwich to complete their 

meal. 
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Dietary Records 

The subjects in both studies were taught how to record their 

food and beverage intake on dietary record sheets (Appendix C).  They 

were also given an instruction sheet which served as a guideline and 

a reminder (Appendix D).  Information recorded by the subjects 

included amounts, methods of preparation, time and location of 

eating, plus brand names of packaged and prepared products. 

Particular notice was given as to amounts eaten and method of 

preparation with the encouragement that better dietary records 

produce more accurate information. As an incentive the subjects were 

told that their dietary analyses would be given to them at the 

conclusion of the research.  Every attempt was made to acquire 

recipes for homemade dishes and restaurant menu items.  When amounts 

of foods consumed were not clear, wives were called or eating 

establishments were visited.  When needed, ingredients and proportion 

of some recipes were taken from the Betty Crocker Cookbook (General 

Mills, Inc. 1969) and The Joy of Cooking (Rombauer and Becker 1975). 

Occasionally, a few foods were purchased so that the weight of the 

food could be determined. An example was maple bars:  one bar from a 

donut shop weighed .175 g. and another from a grocery store weighed 

130 g. 

Subjects also recorded the brand, type and amount of any 

nutrient supplements they took during the dietary recording periods. 
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Computer Analysis of Diets 

All diets recorded by the subjects in both studies were coded 

for batch processing by the CDC Cyber 170/172 system at the Oregon 

State University Computer Center. The 1981 update of the Ohio State 

Nutrient Data Base (Schaum, Mason and Sharp 1973) was used to 

determine the subjects' nutrient intake.  Of the 6,538 food items in 

this nutrient database, only 827 were used to compute the subjects' 

nutrient intake. For these 827 items values of 23 nutrients or 

compounds (e.g. folacin, caffeine, alcohol, etc) were either added 

when missing or updated (Table 9). Dietary results for each subject 

were obtained as weekly totals, daily averages and percent of the RDA 

(NAS-NRC 1980). These nutrient database analyses included all food 

and beverage intake, but not nutrient supplements. Mean nutrient 

densities, nutrient per 1,000 kilocalories (kcal) of the subjects' 

daily averages were also calculated. 

Plasma Cholesterol Determination 

In Study A, 35 ml. of blood were drawn by venipuncture using 

sodium EDTA (1 mg./ml. blood) as anticoagulant on days 8, 38 and 78. 

Plasma total cholesterol was assayed colorimetrically using an 

enzymatic method described by Allain et al. (1974). 

For study B, blood was drawn and assayed in the same manner as 

in study A:  on days 7, 35, and 63, 5.0 ml. were drawn; on days 8, 

36. 64, and 91, 30.0 ml. of blood were drawn. 
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Statistical Analysis 

Nutrient data, not including supplements, from the baseline 

periods and the classification periods are a combination of data from 

the 19 subjects who participated in only one of the studies and the 

mean values from each of the 12 subjects who participated in both 

studies.  Studies A and B were combined instead of reporting them 

separately for the baseline and classification periods. Results and 

discussion will be based on 31 subjects unless stated otherwise. 

Nutrient intake data are compared to the RDA (NAS-NRC 1980) for each 

nutrient and dietary component reported. 

The Statistical Package for the Social Sciences (SPSS) (Nie et 

al. 1975) was used in the statistical analyses of data produced from 

the Cyber computer. Paired and unpaired t-tests and some correlation 

coefficients used in the statistical analyses of various data were 

7 
computed with the Hewlett Packard 9810 A Calculator.  P-values equal 

to or less than 0.05 were considered statistically significant. 

6. Susan Maresh of the Statistical Consulting Office in the 
O.S.U. Computer Center assisted in analyses. 
7. Hewlett-Packard Co., P.O. Box 301, Loveland, CO 80537. 
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RESULTS AND DISCUSSION 

Nutrient Intake From Diet Only During Baseline Period 

Compared to the reference adult male who is 170 cm. in height 

and 70 kg. in body weight (NAS-NRC) our subjects in study A were 

taller, 180 cm., and weighed more, 83 kg. (Table 10).  In general, 

body weights of most of the subjects did not change throughout the 

study, even though a few sqbjects1 weight fluctuated.  Average 

baseline plasma cholesterol, 193.9 + 44.6 mg./dl., was within the 

normal range of 150-250 mg./dl. (ADA 1981). The physical 

characteristics of the subjects in study B were similar to those of 

the subjects in study A.  This is due, in part, to the 12 men who 

participated in both studies. Overall, the heights and weights of 

subjects in study B were about the same as those in study A. 

During the baseline period, the subjects' mean daily energy 

consumption of 2,648 kcal (Table 11) was near the RDA of 2,700 kcal 

for men. ages 23-50 years.  The range of energy intake was wide and 

seemed to reflect the subjects' physical activity.  Except for 

subject number 13 in study B, all the subjects met the RDA of 0.8 g. 

of protein per kg. body weight.  The mean protein intake during the 

baseline period was 98 + 30 g., with several subjects consuming over 

150 g. daily. This protein intake is consistent with the results of 

HANES I (1977) and other reports on middle-aged men (Liebman and 
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Bazzarre 1983, Porter et al. 1977). 

Fat supplied a wide range in the subjects' total calorie intake, 

from 20% to 62%.  The average percent of kcal from fat (35.6%) is 

slightly lower than that reported by most other studies on men 

consuming western style diets (Table 4). However, our subjects 

consumed an average of 108 g. of fat per day, which is higher than 

the average 98 g. per day reported in the preliminary results of 

HANES II (Swan 1983), but lower than the mean fat intakes per day of 

men in the Tecumseh study (Nichols et al. 1976a). 

Our subjects displayed typical American characteristics in the 

type of fats they chose during the baseline period. Average daily 

intake of PDFA and saturated fat was 17.9 g. (5.9% of total kcal) and 

39.0 g. (13.4% of total kcal), respectively.  This uneven 

distribution of fat in our subjects' self-selected diets, produced a 

moderately low P/S ratio, 0.48 + 0.16, with a median of 0.49 and 

range of 0.11-1.02.  Our subjects' mean P/S ratio was higher than 

that reported by Brown (1971) and Flynn et al. (1979), but similar to 

the data of Nichols et al. (1976a) and Liebman and Bazzarre (1983) 

(Tables 4 and 5). 

Mean daily carbohydrate intake, 311 ± 83g., contributed 47% of 

total energy intake, reflecting the same results as other studies 

(Roberts et al. 1981 and Mistry et al. 1981). Unfortunately, the 

contribution of carbohydrate to the subjects' self-selected diets is 

not often published in diet-heart related studies; therefore, little 

is known about carbohydrate consumption when cholesterol studies are 

conducted. 
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All but two of the subjects consumed some alcohol during studies 

A or B.  Mean percent contribution of alcohol to total energy intake 

during the baseline period (3.4%) was similar to intakes reported in 

other studies (Table 4). Mean caffeine intake from food and 

beverages was 269 + 267 mg., the amount provided by 2 cups of medium 

strength percolated coffee (Bunker and McWilliams 1979). 

The mean cholesterol intake, 458 mg. per day, is consistent with 

the mean consumption recently reported by Salz et al. (1982) and 

Liebman and Bazzarre (1983). Again, the mean daily range in our 

study was wide, 130-954 mg. per day. Dietary cholesterol intake 

during the baseline period did not seem to have an effect on plasma 

cholesterol levels or indicate how subjects would respond to diets 

containing 3 additional eggs daily during the classification period. 

The mean daily baseline dietary cholesterol intakes by hypos and 

hypers, respectively, in study A were 521 + 199 mg. and 460 + 206 

mg.; and in study B, 441 + 183 mg. and 430 + 244 mg.  It is 

interesting that subject number 21 in study B who had the lowest 

initial plasma cholesterol value (126 mg./dl.) consumed a high 

cholesterol diet, 726 mg. per day, while subject number 14 in study 

A, who had the highest initial plasma cholesterol of all the subjects 

(313 mg./dl.), had a low cholesterol intake, 343 mg. per day. 

Of the six minerals that were calculated, zinc and calcium were 

the only ones subjects had problems with in meeting the RDA. Seven 

men in study A and 13 in study B did not meet the RDA for zinc: six 

of these men had less than 67% of the RDA.  Of the 12 men who 

participated in both studies A and B, 3 were below the RDA for zinc 
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in both studies while 4 others were below in only one of the studies. 

There was a significant correlation coefficient r =.73 (p<0.001), 

between dietary protein and zinc (Figure 3).  This is understandable 

since the main sources of zinc in the U.S. diet are animal foods (Hui 

1983). However, for our subjects to receive 67% of the RDA for zinc 

(10 mg.) they had to consume at least 70 g. of protein each day (RDA 

for protein is 56 g.). Since subclinical zinc deficiency has been 

identified in the U.S. (NAS-NRC 1980), further investigation into the 

free-living adult males1 dietary zinc intake is suggested.  None of 

the subjects were vegetarians, for each reported eating flesh foods 

during the three diet recording periods. 

One-third of the subjects did not meet the RDA for calcium 

during the baseline period. Appropriate food choices are the key to 

adequate calcium consumption, since approximately 60% of the calcium 

in the American diet is derived from milk and dairy products (Hui 

1983).  It is desirable to meet the RDA of 800 mg. for calcium. 

Whedon (1964) estimated that in the adult male 700 mg. of calcium 

enter and leave bones each day. Until recently, calcium absorption 

and balance were thought to be adversely affected by diets that were 

higher in phosphorous than calcium (Avioli 1980), but this was 

disproved by Allen (1982). This lack of effect by phosphorous on 

calcium availability is good news for those consuming western-style 

adult diets, which are estimated to contain a Ca:P ratio of 1:1.6 

(NAS-NRC 1980). This ratio is decreasing because of the increased 

use of phosphates as food additives (NAS-NRC 1980).  Our subjects* 

Ca:P ratio during the baseline period was 1:1.61.  None of our 
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subjects had a problem meeting the 800 mg. RDA for phosphorous, 

probably because this mineral is present in nearly all foods and food 

additives.  The mean (1,813 + 555 mg.) and median, 1,675 mg., 

phosphorous intake of our men was higher than the estimated 

1,500-1,600 mg. per day intake of adults in the U.S. diet reported by 

Page and Friend (1978). 

All subjects but one met the 10 mg. RDA for iron.  Subject 

number 8 in study B fell short during the baseline period, but 

averaged over 13 mg. per day during the subsequent two diet-recording 

periods. Meeting iron requirements has not been an area of concern 

for adult men in the U.S. because of their generous meat consumption 

and higher energy requirements than women. 

The high mean sodium intake, 3,175 + 1,016 mg., during the 

baseline period is no surprise since the usual total daily intake is 

between 2,300 and 6,900 mg. per day (NAS-NRC 1980).  Since we did not 

include the salt used to season food at the table in the dietary 

analyses, the subjects' actual consumption of sodium is higher than 

what is reflected by our computer results. The RDA "safe and 

adequate" range for sodium is 1,100-3,300 mg. per day (NAS-NRC 1980). 

Potassium intake for all subjects met the minimum RDA of 1875 

mg. throughout studies A and B. Potassium is not considered a 

problem nutrient in healthy people, since it is widely available in 

food. 

Mean vitamin A intake was 8,356 + 4,905, a level much higher 

than reported by several population surveys (HANES I 1977; NFCS 1982; 

and, HANES II and 1977-78 NFCS reported by Swan 1983) or observed in 
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self-selected diets of middle-aged men (Porter et al. 1977, Flynn et 

al. 1979). Our subjects' range of vitamin A intake was ten-fold, 

from 2,211-20,647 I.D. per day.  Diets of 1,067 adult men from the 

HANES II study showed a twenty-fold range of vitamin A (Swan 1983). 

This variation is due largely to food choices, since good sources of 

vitamin A are limited to liver, eggs, and the carotene-rich foods. 

Fruits and vegetables are estimated to contribute 50-55% of the 

vitamin A in the America diet (Hui 1983), and those who ate small or 

infrequent amounts of these foods were likely to have lower dietary 

intakes of vitamin A. 

For vitamin C, all of the subjects in study B and 17 of the 22 

subjects in study A met the 60 mg. RDA during the baseline period. 

Although vitamin C has been identified as a problem nutrient for 

children, pregnant and lactating women, and the elderly, this vitamin 

was not a problem for our men.  As little as 10 mg. of vitamin C a 

day will prevent scurvy (NAS-NRC 1980).  The WHO/FAO recommends 30 

mg. per day of vitamin C for residents in developing countries.  In 

this light, our subjects easily met their vitamin C needs, the lowest 

average intake being 42 mg. per day. 

The mean thiamin intake was 1.81 +3.5 (132%) of the RDA.  Of 

the total 43 dietary records from studies A and B, 12 were below the 

RDA for thiamin.  In all 12 of these cases, the diets were also below 

the RDA for zinc but exceeded the RDA for protein. Mean riboflavin 

intake was 2.41 + 0.88 (155%) of the RDA.  Six of the 43 dietary 

records at baseline did not meet the RDA for riboflavin, and all 6 

were among the 12 diet records which were below the RDA for thiamin. 
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Yet, none of our subjects with low thiamin and/or riboflavin intakes 

were in danger of developing thiamin deficiency.  Thiamin intakes of 

0.33-0.35 mg. per 1,000 kcal are reported to be consistent with good 

health (NAS-NRC 1980); the lowest thiamin intake per 1,000 kcal by 

our subjects was 0.37 mg. (Table 11). The relation of thiamin to 

energy intake is important since this vitamin is needed for energy 

and carbohydrate metabolism, carbohydrate being the macronutrient 

which supplies the most calories in our diet. Although the 1980 RDA 

for riboflavin is 0.6 mg. per 1,000 kcal studies have found that 

intakes greater than 0.5 mg. per 1,000 kcal are adequate and that 

only one in 48 adults receiving 0.35 mg. riboflavin per 1,000 kcal 

showed any physical signs of ariboflavinosis (NAS-NRC 1980). All of 

the subjects during the baseline period met this 0.5 mg. mark and 

their mean riboflavin intake per 1,000 kcal. was 0.98 + 0.21 mg. Our 

subjects' mean daily intakes of thiamin and riboflavin were higher 

than what other studies have reported (Tables 3 and 5).  Since 

breakfast cereals were found to be a popular food item of many of our 

subjects, the recently increased fortification of common ready-to-eat 

breakfast cereals (Spungen Douglass, Matthews and Hepburn 1982) may 

help explain these higher nutrient intakes, compared to those 

observed in earlier studies. 

The subjects' niacin intakes, 26.7 +9.7 mg., met the RDA, 

except for 3 of the 43 dietary records taken during the baseline 

period. Fortunately, these 3 diets low in niacin are not of concern 

because they are above the levels which can produce deficiency 

symptoms (Goldsmith 1956, Horwitt et al. 1956).  Besides, our 
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subjects' diets were adequate in protein, a source of tryptophan, 

which is converted to niacin in the body. 

Vitamin B6 intakes at first glance appear to be low.  Studies 

reviewed by Linkswiler (1978) on vitamin B6 requirements of men 

indicate that the higher the protein consumption the greater the need 

for vitamin B6. Linkswiler concluded that men receiving diets 

containing 100-150 g. of protein per day need 1.5-2.0 mg. per day of 

vitamin B6 for nutritional "adequacy", that vitamin B6 requirements 

are higher than this for protein intakes greater than 150 g. per day. 

and that vitamin B6 intake should be at least 1.0 mg. per day for 

protein intakes less than 100 g. per day. Adequacy was defined as 

the amounts of vitamin B6 which produced no significant increases in 

the urinary excretion of several tryptophan metabolites in response 

to a tryptophan load test, or no significant decreases in urinary 

vitamin B6.  Based on this minimum adequacy criteria alone 

(0.013-0.015 mg. vitamin B6 per g. protein), all subjects, but one, 

in our study consumed adequate amounts of vitamin B6 during the 

baseline period.  This one subject, number 21 in study B, met the RDA 

of 2.2 mg. for vitamin B6, but because of his high average protein 

intake, 192.1 g. per day, his daily vitamin B6 intake was a mean of 

0.012 mg. per g. protein, a level that is lower than the "adequacy" 

range estimated by Linkswiler. Vitamin B6 intakes have not been 

reported in the major population surveys, nor in dietary cholesterol 

studies (Tables 4 and 5). This may be due to insufficient data 

published on the vitamin B6 content of foods (NAS-NRC 1980). Data on 

the vitamin B6 content of men's diets is dated; an estimation of 
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intake from a 1961 study suggests that the typical American diet 

provides 1.1-3.6 mg./day (Gregory and Kirk 1978). We were able to 

estimate our subjects' vitamin B6 intakes because we were determined 

to find published values for as many of the foods eaten by the 

subjects as possible, we included data from the new Agricultural 

Handbook No.8 series (No. 8-1 through 8-9 were available), and we 

used the Ohio State Database (Schaum et al. 1973) which included 

nutrient contents from various prepared foods that were not generally 

available to the public. 

Total folacin was the only nutrient calculated during the 

baseline period in which the mean intake, 349 + 131 (88%), was less 

than the RDA of 400 ug. (Figure 4). Thirty-nine of the total 43 diet 

records (70%) for the baseline period of studies A and B were below 

the RDA, and 16 of these (37%) were less than 67% of the RDA. No 

signficant association of total folacin intake to total energy was 

seen. As with vitamins A and C, fruits and vegetables are the main 

sources of folacin in the American diet (Hui 1983). Though little 

has been published on actual individual intakes of folacin by 

middle-aged men, total folacin intake in the typical U.S. diet was 

estimated to be between 200 and 250 jig. per day by Hui (1983) and 

approximately 194 jig. per day by Hoppner, Lampi and Smith (1977). 

These levels are substantially lower than our subjects' mean intake, 

349 + 131 jig. per day. possibly because the same type of resources 

used to update the vitamin B6 content in the foods consumed by our 

subjects were used for folacin.  Plus, only data where folacin had 

been protected by the addition of ascorbic acid during the analysis 
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were used. 

Nutrient Density 

Nutrient density, the concentration of each nutrient per 1,000 

kcal consumed, helps in assessing dietary intakes by presiding a look 

at the nutritional quality of the foods consumed. According to the 

nutrient density data of the 31 subjects during the baseline period 

(Table 12), only the mean value for total folacin is below the RDA1s 

nutrient density levels.  Since the primary food sources of folacin 

are fruits and vegetables, the below RDA nutrient density for this 

vitamin in the subjects' self-selected diets reflects the concept 

that it is not caloric consumption alone which provides an adequate 

diet, but the food choices that each subject makes. 

Effect of Three Eggs Daily on Nutrient Intake 

Table 13 shows the mean daily nutrient content of the 31 

subjects' diets during week 4 of the classification period when the 

subjects consumed 3 additional eggs daily. There were significant 

increases from the baseline period to the classification period in 

protein (p<.05), total fat (p<.01), cholesterol (p<.0001), 

phosphorous (p<.01), iron (p<.05), and sodium (p<.001). These are 

the result of the added 3 eggs since eggs have substantial amounts of 
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these nutrients (Table 8). When subtracting the cholesterol 

contributed by the added 3 eggs, the mean daily cholesterol intake 

significantly decreased (p<.01) from the baseline (458 + 205 mg.) to 

classification (378 + 100 mg.) periods. A likely explanation for 

this is that the eggs replaced other cholesterol-containing foods at 

lunch. 

The subjects' mean intakes of PUFA increased, but not 

significantly, from the baseline to the classification period, 17.9 + 

7.7 g. to 23.5 + 9.4 g. per day, which is not accounted for by the 

addition of eggs. The P/S ratio also increased, but this change was 

not significant. The increase in PUFA and P/S ratio seems to be 

attributable to foods available to the subjects at lunch. The fats 

and high-fat foods available were high in PUFA and were consumed 

regularly by the subjects. These items included salad dressings, 

peanut butter, mayonnaise and soybean-based margarine. 

Mean nutrient intake during the classification period shows 

overall adequacy in the subjects' diets. Mean vitamin B6 intake, 

2.10 ± 0.55 mg. per day, dropped below the RDA in the classification 

period, though the median, 2.06, remained the same. Total folacin 

intake, 400 + 114 ug. per day, rose to meet the RDA, which is the 

result of the 78 ug. of folacin supplied by the 3 eggs (Table 8). 

The dietary intake of the subjects during the classification 

period in the present study was similar to those reported by Flynn et 

al. (1979) as shown in Table 5. Like our men, their subjects 

consumed significantly more protein, total fat and cholesterol, but 

not iron, after the addition of 2 eggs daily to their self-chosen 



42 

diets.  Our classification period of 3 added eggs, and their period 

of 2 added eggs, both showed a decrease in carbohydrate consumption, 

though neither were significant.  This decrease in carbohydrate 

indicates that some foods were removed from the diet to compensate 

for the increased kcal contributed by the addition of eggs.  Flynn et 

al. did not publish intakes of phosphorous, sodium or folacin.  Their 

subjects' intakes of other nutrients were comparable to our subjects 

when we added 3 eggs to our subjects' diets.  The only real 

difference between the Flynn et al. study and ours was the lower mean 

intakes of the minerals and vitamins by their subjects.   This may be 

due to the higher mean caloric intake in our subjects* diets and the 

use of more highly fortified breakfast cereals by our subjects. 

Porter et al. (1977) showed a significant decrease in their subjects' 

carbohydrate consumption and increase in cholesterol, no change in 

protein or total energy intakes, and only a small, insignificant 

increase in total fat (Table 5). As with our subjects, neither Flynn 

et al.'s nor Porter et al.'s subjects gained weight from the addition 

of eggs. 

Plasma cholesterol did not change significantly in either the 

Flynn et al. or Porter et al. studies.  This supports our results 

which show no significant elevation of mean plasma cholesterol after 

the addition of the 3 eggs to the subjects in either studies A or B 

(Table 10). 

Significant changes in dietary intake by the 31 subjects during 

the classification period were not consistently shown by the hypo and 

hyper subgroups in studies A or B, except for cholesterol (Table 14). 
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When comparing the mean nutrient intake of hypos and hypers in both 

studies during the classification period (Table 15-18), 6 nutrients 

(protein, total fat, phosphorous, iron, sodium, and riboflavin) were 

consistently higher than the mean baseline intakes (Table 11).  This 

is reasonable, since eggs have appreciable amounts of these nutrients 

(Table 8). We can suggest that the 3 added eggs had an affect upon 

the customary intake of our subjects' diets for these 6 nutrients and 

was statistically significant for the dietary increases in protein, 

total fat, phosphorous, sodium, and iron.  Carbohydrate decreased in 

three of the subgroups from the baseline to classification periods, 

but this drop was not significant. 

Nutrient Intake of Hypos vs. Hypers in Studies A and B 

In both studies A and B we found no significant differences in 

nutrient intake between the hypos and hypers in either the baseline 

or classification periods.  Thus, the prior habitual nutrient intake 

does not account for the differences in the subjects' plasma 

cholesterol response to 3 eggs during the classification period. 
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Effect of 3 and 6 Eggs on Nutrient Intake in Study A 

As a group, study A hypos (Table 15) had similar intakes as the 

study A hypers (Table 16) during the baseline period.  Although there 

were no significant differences between the two groups in nutrient 

intake, because of wide variations, the hypos consumed diets higher 

in cholesterol and lower in all the other nutrients except calcium 

and vitamin C. Although the hypos weighed more and were taller 

(Table 6), they consumed fewer calories (118 kcal per day 

difference), less protein (12.8 g. per day) and less caffeine (46 mg. 

per day).  This nutrient trend was largely lost in the classification 

period except for caffeine.  It seems that those who enjoyed 

caffeinated beverages, especially the hypers, continued this pleasure 

throughout the study. 

Hypos 

For the hypos, the only significant dietary changes from the 

baseline to classification periods were increases in dietary 

cholesterol and iron (Table 15), both attributable to the added 

dietary eggs.  There was an increased intake of protein, fat, 

phosphorous and sodium with a decrease in carbohydrate.  These 

changes are reflected in the nutrient content of the egg (Table 8) 

but do not show a significant influence.  However, when changing from 

3 eggs to 6 eggs daily, the decrease in carbohydrate consumption 

became significant at p<0.01.  This lower carbohydrate intake may be 



45 

the reason for the significant drops in thiamin, niacin and iron 

intakes and a non-significant decrease in riboflavin. the enrichment 

nutrients in grains and cereals.  There's also an unexplainable 

significant decrease in potassium. 

Dietary cholesterol significantly increased again (p<0.01) from 

classification to treatment of 6 eggs daily.  It was thought that the 

subjects would replace protein-rich foods, expecially meat items, 

with the added eggs.  But when the subjects were switched from 3 to 6 

eggs there was a rise in non-egg cholesterol and protein coupled with 

a decrease in carbohydrate.  This shows that the subjects continued 

to eat protein sources and reduced the intake of carbohydrate-rich 

foods to compensate for the added eggs. 

Eggs also contribute to the total fat in the subjects' diets 

since 3 and 6 eggs contain 18 and 36 g. fat (Table 8).  Eggs alone, 

however, do not explain the change in the type of fat the subjects 

consumed.  Throughout study A saturated fat intake remained stable 

but the PUFA intake significantly increased.  Since 3 eggs provide 

more saturated fat than PUFA, the additional PUFA comes from the high 

PUFA luncheon menu items mentioned earlier. 

Thus, the overall diet change from the baseline through the 

treatment periods for the hypos (no added eggs to 6 eggs daily) 

showed significant increases in protein (p<0.05) and total fat 

(p<0.05) and a significant decrease in carbohydrate (p<0.01) (Figure 

5).  A non-significant increase in mean plasma cholesterol was 

observed in the hypos in response to the 6 additional eggs daily, 

even though several of the hypos show marked increases in their 
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plasma cholesterol levels when they went from 3 to 6 eggs daily 

(Figure 6) . 

Hypers 

For the hypers in study A (Table 16) the response to the 3 eggs 

daily in classification period was similar to that of the hypos. 

There was an increase in dietary cholesterol (p<0.0001) due to the 

egg, plus improved iron intakes.  Small, non-significant decreases in 

thiamin, riboflavin, niacin and vitamin B6 reflect the result of 

lower carbohydrate intakes.  There was an unusually high mean intake 

of vitamin A in the baseline period, 11,728 I.U. + 5,633, which 

dropped significantly during the classification period.  This is 

likely due to seasonal vegetable choices since study A took place in 

autumn, with the baseline period being conducted in early October 

when many carotene-rich plants are harvested. 

There were no significant dietary changes from classification to 

treatment periods, which is understandable since no further dietary 

modifications were made after the classification period.  From 

baseline to classification to treatment periods, there were few 

significant changes in nutrient intake.  But, when comparing dietary 

intakes during the baseline and treatment periods, there were 

significant differences in total fat, PUFA, P/S ratio, iron and 

caffeine.  Does this reflect changes in food choices over time due to 

the addition of eggs? This is possible but not likely because the 

pattern is not consistent throughout the three dietary recording 

periods for this hyper group and also for the hypers of study B 
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(discussed below).  Mean plasma cholesterol decreased from 

classification to treatment periods with two subjects' plasma 

cholesterols lowering to levels below that of the baseline period 

(Figure 6). 

Effect of Margarine or Butter 

on Nutrient Intake in Study B 

As a group, the mean weight of the subjects in study B did not 

change during the study despite some individual fluctuations.  This 

was surprising since the treatment period included not only 3 eggs 

daily but also the addition of margarine or butter.  It was estimated 

that if the subjects had not compensated for this addition during the 

treatment period each subject would have gained 1 1/2 to 2 kg. body 

weight.  Only one of the 20 subjects gained this weight (subject 

number 6 gained 1.9 kg.) and 2 other subjects actually lost more than 

I kg. during the study (subjects number 10 and 14 each lost 1.4 kg.). 

Type, duration and frequency of physical activity did not seem to 

change during study B.  We did not include subject number 8 in the 

analysis of hypos and hypers since his personal life was altered 

during the treatment period and his daily caloric consumption 

plummeted to 681 kcal per day.  His baseline and classification data 

are included, however, in the pooled data from both studies (Tables 

II and 13). 
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Hypos 

As in study A the hypos in study B were taller and heavier. 

This was not due to the 12 subjects who participated in both studies 

for 6 of them changed treatment groups in study B; 3 moved from hyper 

to hypo and 3 from hypo to hyper in study B.  Except for subject 

number 14 (study B), this changing of treatment groups was due to 

different plasma cholesterol responses after consuming the 3 eggs 

daily.  Two subjects went from positive percent changes in study A to 

negative ones during the classification period in study B.  This 

suggests that men's plasma cholesterol levels may not repeatedly 

respond to dietary changes in the same way. 

Study B hypos responded to the addition of 3 eggs daily during 

the classification period (Table 17) in much the same way as the 

hypos of study A.  There were mean increases in energy, protein, 

total fat and PUFA (the "luncheon effect") levels in both studies but 

only the increase in dietary cholesterol consumption from the added 

eggs was significant (p<0.0001). 

Mean mineral and vitamin intakes were adequate except vitamin 

B6, which was below 100% of the RDA of 2.2 mg.  There were 

significant increases in sodium, calcium, and folacin for hypos from 

the baseline to classification periods.  This is probably due to 

normal variations in dietary selection, except for sodium, since 

whole eggs contain only small amounts of calcium and folacin (Table 

7), and the changes were not reflected in the diets of study A hypos. 

When the hypos added 10% of their total caloric intake as butter 
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during the treatment period, the significant dietary changes were an 

increase in total fat (p<0.05) and saturated fat (p<0.01) and a 

decrease in P/S ratio (p<0.01); all of which can be attributed to the 

addition of butter. 

From the baseline through the treatment periods, the hypos' 

dietary records showed significant increases in calories (p<0.01), 

total fat (p<0.01), saturated fat (p<0.001), cholesterol (p<0.0001), 

calcium, sodium, potassium (all p<0.05), phosphorous and vitamin A 

(both p<0.01). While the rise in dietary cholesterol can be 

accounted for by the added egg, and the changes in total fat, 

saturated fat and P/S can be attributed to the addition of butter, it 

is the combination of the eggs and butter that caused the significant 

elevations in total calories, phosphorous, sodium and vitamin A. 

Final blood analysis showed 5 of the 9 hypos increased in their 

plasma cholesterol levels while the other 4 decreased (Figure 6).  No 

change in the mean plasma cholesterol was observed. 

Hypers 

The hypers responded to the added 3 eggs during the 

classification period by significantly increasing their total fat, 

saturated fat and phosphorous intakes (all p<0.05) and dietary 

cholesterol (p<0.0001) (Table 18).  The increase in PUFA (p<0.001) is 

from the food choices at the noon meal.  From the classification to 

treatment periods, where margarine was added as well as 3 eggs daily, 

significant increases were seen in PUFA (p<0.001) and the P/S ratio 

(p<0.01).  When comparing the baseline period dietary intake to the 
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treatment period dietary intake, all these changes are shown, plus 

significant increases in food energy, iron, sodium, and an 

unexplained increase in folacin. 

Blood analyses data at the end of the treatment period showed 

that plasma cholesterol levels continued to rise in 4 of the 13 

hypers, decreased in 7, and was unaffected in one (Figure 7). This 

is interesting because increased FUFA's and P/S ratios are associated 

with lowering plasma cholesterol levels (Keys et al. 1957, Brown 

1971). Decreased plasma cholesterol may have been observed if the 

subjects had been given a low cholesterol diet instead.  In Figure 7 

it can be noted that during the treatment period plasma cholesterol 

increased in subjects whose plasma cholesterol was initially above 

200 mg./dl. and decreased in subjects whose plasma cholesterol was 

initially below 200 mg./dl. 

Subjects Participating in One or Both Studies 

The 10 subjects who participated only in study A had similar 

nutrient intakes as the 9 subjects who participated only in study B 

(Table 19 and 20).  Macronutrient intake was consistantly lower in 

the subjects of study B, but most of their mean vitamin intakes were 

higher.  The only significant difference between the 2 groups during 

the baseline period was sodium (p<.05) and during the classification 

period, riboflavin (p<0.05), due probably to individual variations in 

dietary habits. 
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For the 12 subjects who participated in both studies A and B the 

only significant difference in dietary intake between the 2 studies 

during the baseline period was zinc (p<0.05), which may reflect a 

nonsignificant difference in protein intake between studies A and B 

(Table 21).  During the classification period (Table 22) significant 

changes in dietary intake were seen in saturated fat, calcium, 

vitamin C, and total folacin (all p<0.05).  The increase in vitamin C 

and folacin intake during baseline and classification periods was 

likely due to the increased availability of fresh citrus fruits 

during the winter season. 

Nutrient Supplements 

Some form of nutrient supplement was taken for one or more days 

by 22 (71%) of the 31 subjects when the three 7-day diet recording 

periods of studies A and B were combined.  Eighteen of the 22 

subjects took supplements on a regular basis (more than twice in one 

week). Four subjects took supplements regularly in one study but not 

in the other.  Several subjects took supplements regularly during one 

or two of the diet recording periods in one of the studies, but then 

took none in the other recording period(s). 

It is interesting that all the subjects who took supplements 

included vitamin C (Table 24).  Ten (45%) of the 22 supplement users 

took vitamin C as their only nutritional supplement.  All but two 

subjects took their vitamin C,  which was usually taken in tablet or 
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powder form, separately from the other supplements.  The range of 

vitamin C intake supplementation was extremely wide, a 158-fold range 

in mean daily intake of individual subjects, from 36 mg. to 5,700 mg. 

per day; the most common level of vitamin C supplementation being 

1,000 mg. per day.  These facts reflect the popular notion initiated 

by Linus Pauling (1970) who suggested that taking large doses of 

vitamin C daily imparts a protective effect against the frequency, 

intensity and duration of the common cold.  Fortunately, there are no 

clinical signs of toxicity from these high levels of intake (Hodges 

1980).  The highest percent of vitamin C supplement users (60%, or 12 

of the 20 subjects in study B) for a single diet recording period 

came in January, a month often associated with a higher incidence of 

the common cold. 

In both studies subjects seemed to be loyal to a brand.  More 

than 20 different brands of supplements were taken, many having 

greater than 100% of the RDA for the vitamins and minerals they 

contained.  This helps explain the high modes for most of these 

nutrients.  Table 23 shows the frequency, range and mode of the 21 

most commonly used nutrient supplements by the 22 users.  After 

vitamin C, mulitivitamin capsules accounted for most of the vitamin 

and mineral supplements.  Several subjects took vitamin E separately 

and only one took B complex vitamin capsules. 

The ranges of vitamins and minerals in the supplements were 

wide.  This was due to combining data from all supplement users, and 

their levels of supplement intake and the types and frequencies of 

supplemention on an average daily basis, whether they took a certain 
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supplement once a week or twice daily.  Only one subject took more 

than one multivitamin daily; he was also the only one who took a 

separate iron tablet each day.  Because of this high level of 

supplementation, he accounts for the upper end of the iron 

supplementation range. His iron supplement added substantially to 

the mean iron intake by supplementation alone, an average of 250% of 

the RDA (Table 23).  It was also evident that 2 or 3 other subjects 

took several supplements at the same time.  These subjects make up 

most of the trace minerals and specialty food items listed under 

"others" in Table 23. 

It cannot be determined why subjects selected certain types or 

amounts of supplements because quality of diet did not seem to be the 

main factor in the selection process.  Those subjects whose diets 

were below 67% of the RDA (Table 24) did not seem to select 

supplements which would improve their nutrient intake.  For example, 

of the total 128 dietary records in studies A and B, seven were below 

67% of the RDA for calcium, but none of these diets were supplemented 

with calcium to make up for the low calcium intake from foods.  This 

nutrient intake discrepancy between diet and supplementation for 

calcium may be explained by the fact that most multiple 

vitamin/mineral tablets which the men took did not contain calcium. 

It is also possible that subjects did not consider the vitamin and 

mineral content in their food when selecting a supplement; three of 

the seven low-calcium diets had been supplemented for other 

nutrients, but not calcium. 

8. One dietary record is a composite recording of one 
subject's 7-day food and beverage intake. 
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Iron intakes were not a problem, though in 23% of the 128 

dietary records the subjects had used an iron supplement.  There were 

12 dietary records of the total 128 which were below 67% of the RDA 

for zinc, most of them from the baseline diet recording period.  Of 

these 12 diets, 4 were supplemented with zinc and 4 for other 

nutrients, but not zinc.  Vitamins A and C, thiamin. and riboflavin 

were low in a few diets.  Though a few diets were below 67% of the 

RDA for niacin, this is not a concern because the contribution to 

daily niacin intakes by tryptophan, which was not included in the 

data, is estimated to be 8-17 mg. in the average American diet 

(NAS-NRC 1980). Of the 4 diets which were below 67% of the RDA for 

vitamin C, only one diet was supplemented with vitamin C, showing 

that subjects whose diets did not include fruits and vegetables 

containing vitamin C were not the ones who were taking the vitamin C 

supplements. 

A number of our subjects' diets were below 67% of the RDA for 

vitamins B6 (13.3%) and folacin (29.4%) (Table 24).  This reflects 

the low mean intake levels for these two vitamins during the baseline 

and classification periods (Tables 11 and 13).  It is unfortunate 

that so few of these low vitamin B6 and folacin diets were 

supplemented, 29.4% and 18.5%, respectively.  Other studies have also 

shown vitamin B6 and folacin as nutrients often below 67% of the RDA 

(Garry et al. 1981.  NFCS 1982).  Unlike the low calcium and zinc 

intakes by some of our subjects, who took supplements that didn't 

contain calcium or zinc, most subjects with the low vitamin B6 or 

folacin diets did not take supplements at all.  So, those subjects 
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who would have benefited from supplementation to improve nutrient 

status were not the ones who took supplements, but rather subjects 

with already adequate nutrient intakes were the main supplement 

users. 

Other investigators (Garry et al. 1981, Bowerman and Harrill 

1983) have also found vitamin C to be the most commonly used 

supplement, though not with the 100% use that we saw by our 

supplement users. Multivitamin preparations were also the second 

most popular supplement in their studies.  Garry et al. (1981) 

reported that 56% of their male subjects took supplements while 71% 

of our subjects did.  The discrepancy is due to differences in 

experimental design.  While we used a total of 3 weeks of dietary 

records for our subjects (and the 12 men who participated in both 

studies A and B have 6 weeks of recorded diets), during which even 

occasional users were included, they based their findings on a 

one-time 3-day dietary record and included only those subjects who 

routinely took supplements (routinely was not defined).  Bowerman and 

Harrill (1983) reported that 50% of their subjects, who responded by 

filling out questionnaires and 3-day dietary records, were supplement 

users (supplement users defined as those subject who claimed they 

consumed one or more supplements on a regular - not defined - basis). 

This is similar to our results which showed that 58% of our subjects 

took supplements in some form at least twice a week.  These values 

are close to the 54% supplementation rate reported among the general 

population (FDA Publ. No. 76-2058, 1976).  Bowerman and Harrill 

(1983) reported more subjects who had nutrient intakes lower than 67% 



56 

of the RDA than we did.  The logical explanation for this is that 

Bowerman and Harrill included women in their statistics.  Their 

female subjects consumed proportionally fewer kcal than their male 

subjects (88.6% of the RDA for energy intake by the women as compared 

to 95.1% by the men) meaning that the females were likely to have a 

lower nutrient intake, which indeed was the case. 

Oversupplementation was not prevalent in our subjects.  Only two 

subjects regularly supplemented their diets with large daily doses (5 

to 6 times the RDA) of vitamin A.  There has been concern about 

developing hypervitaminosis A, but clinical signs of this toxic 

condition usually appear when intakes are substantially higher (20 or 

more times the RDA) (Lui and Roels 1980). 

The RDA for vitamin E is 10 mg. of alpha-tocopherol or 

approximately 15 I.U.  Since there does not appear to be any 

deficiency problems in the United States due to low vitamin E intakes 

(NAS-NRC 1980), it is curious why over half of the supplement users 

included vitamin E (Table 23).  The mode for vitamin E 

supplementation was seven times the RDA, with 4 subjects taking 

special vitamin E capsules daily containing 13-27 times the RDA 

(200-400 I.U.). These high intakes may reflect the popular belief 

that consuming larger doses of vitamin E helps to slow the aging 

process or to promote other spurious claims (Hamilton and Whitney 

1982).  Fortunately, a study done by NIH (National Institute of 

Health) showed no signs of toxicity when this fat soluble vitamin was 

taken for 3 years at 800 I.U. per day (Horwitt 1980). 

Large doses of vitamin B6 were taken by one subject who ingested 
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399 mg. per day.  This is 181 times the RDA but is considered to be 

nontoxic (Bauernfeind and Miller 1978). 
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CONCLUSIONS 

The majority of the middle-aged men we studied met their RDA's 

for the various components studied, except for vitamin B6 and 

folacin.  Other problem nutrients were calcium, zinc, and thiamin in 

the diets of some subjects.  The addition of 3 eggs to the men's 

diets caused significant increases in protein, cholesterol, 

phosphorous, sodium and iron intakes, and a significant decrease in 

non-egg cholesterol consumption.  There were no significant 

differences in nutrient intake between hypos and hypers in either the 

baseline or classification periods.  The addition of 6 eggs to some 

of the men's diets caused significant increases in protein, fat, and 

cholesterol, and significant decreases in carbohydrate, thiamin, and 

vitamin B6.  No change in total calories, phosphorous or iron levels 

were seen.  Seventy-one percent of the subjects took some form of 

supplementation; 58% regularly, 13% occasionally. All included 

vitamin C in their supplementation.  In general, nutrient supplements 

did not improve poor nutrient intakes. 



Figure  1.   Experimental design of  study A 
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Figure  2.   Experimental design of study B 
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Figure 3. Scatter diagram indicating the significant 
correlation r = .73 (p< 0.001) between mean daily intake 
of protein and zinc from diet alone during the baseline 
periods of studies A and B 
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Figure 4. Mean percent of RDA from diet alone without added 
egg during the baseline periods of studies A and B (31 sub- 

jects total). Median intake indicated by the vertical line 
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Figure 5. Percent contribution to total kcal as 13 subjects 
(hyporesponders) go from a diet of no additional .egg to 3 
additional eggs daily for 4 weeks to 6 additional eggs daily 
for 5 weeks in study A 
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Figvure 6. Plasma cholesterol response of hyporesponders and hyperresponders 
in study A to the addition of 3 eggs daily during the classification period 
and the addition of 3 or 6 eggs daily during the treatment period 
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Figvire 7. Plasma cholesterol response of hyporesponders and hyperresponders 
in study B to the addition of 3 eggs daily during the classification period 
and the addition of 3 eggs plus butter (hyporesponders) or 6 eggs plus 
margarine (hyperresponders) daily during the treatment period 
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Table 1. Nutrient content of the U.S. food supply, 

per capita per day* 

nutrient 1909 - 13    1947 - 49     1980 

energy (kcal) 

protein (g.) 

protein (%kcal) 

total fat (g.) 

total fat (%kcal) 

carbohydrate (g.) 

carbohydrate (%kcal) 

480 3230 3540 

102 95 104 

12% 12% 12% 

125 141 169 

32% 39% 43% 

492 403 408 

56% 49% 46% 

Minerals 

calcium (mg.) 820 1, ,000 940 

phosphorous (mg.) 1 ,560 1, ,550 1,560 

iron (mg.) 15.0 16.2 17.6 

zinc (mg.) 12.6 11.5 12.5 

Vitamins 

vitamin A (I.U.)+ 7 ,600 8 ,800 8,400 

thiamin (mg.) 1.64 1.55 2.23 

riboflavin (mg.) 1.87 2.31 2.45 

niacin (mg.)   * 19.0 21.0 26.8 

vitamin B6 (mg.) 2.17 1.89 2.06 

vitamin B)2 (wg.) 8.4 8.9 9.7 

ascorbic acid (mg.) 104 114 123 

♦Adapted from Welsh and Marston, 1982, who obtained the data 
from the Consumer Nutrition Center, USDA annual reports. 

+Preformed vitamin A only. 
^Excludes niacin equivalents of tryptophan. 
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Table 2. Quantity of food (in poxinds) consumed per household 
per week 

food 1955* 1965,6* 1977,8+ 1977,8*(west) 

milk 31.8.6 28.78 23.47 25.77 

fats, oils 2.97 2.70 1.97 1.94 

flour, cereal 4.87 4.69 3.49 3.28 

bakery products 6.70 7.63 5.11 4.78 

meat 10.10 11.05 9.76 8.27 

poultry, fish 3.68 4.03 3.75 3.18 

eggs 2.81 2.69 1.87 1.87 

sugar, sweets 4.15 3.70 2.59 2.30 

potatoes, sweet potatoes 6.23 5.37 3.59 3.24 

fresh vegetables 8.86 7.33 6.83 7.67 

fresh fruit 9.52 8.20 7.51 9.37 

commercially canned 
vegetables 
fruits 

2.58 
1.51 

2.93 
1.59 3.71 2.96 

commercially frozen 
vegetables 
fruits 

.46 

.10 
.62 
.05 .58 .60 

juices - veg. and fruit 3.50 3.97 5.04 5.33 

dried vegetables and fruit .61 .47 .30 .42 

beverages - total 5.53 9.10 11.99 10.91 

alcohol y 7 7 2.93 

coffee .80 .74 .35 

soft drinks 2.89 5.09 10.25 4.74  9.02 

fruitade, punch .12 1.02 .87 

soup, other mixtures 1.53 1.95 .76 .87 

peanut butter and nuts .19 .30 .98 1.02 

♦Adapted from Henderson, 1972 
+NFCS, 1982. 
*NFCS, 1983. 

• 



Table 3. Mean daily nutrient intake of middle-aged men 
in two population studies 

68 

nutrient HANES I* Hawaii study+ 

no. of subjects 509 555 246 

age range (yrs.) 35 - 44 45 - 54 adult 

energy (kcal.) 2, ,561 2,339 2,042 

protein (g.) 

total fat (g.) 87 

carbohydrate (g.) 211 

calcium (mg.) 910 869 558 

phosphorous (mg.) 1,185 

iron (mg.) 16.0 14.8 15.1 

vitamin A (I.U.) 5, ,219 5,183 6,197 

vitamin C (mg. ) 83 86 91 

thiamin (mg.) 1.51 1.45 1.38 

riboflavin (mg.) 2.22 2.11 1.57 

niacin (mg.) 24.2 22.3 22.8 

*HANES I (1977). 
+NFCS (1981) 



Table 4. Mean daily nutrient intake of middle-aged men in various diet-heart related studies 
when consvnning self-chosen diets 

nutrient 
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no.   of  subjects 1,026 1,900 751 480 64 1,000 18 16 51            I 
age  range    (yrs. ) 16-69 40-55 40-59 50-69 12,866 45-54 21-52 22-61 19-60 
energy   (kcal.) 2,850 3,183 3,092 2,634 1,840 2,836 2,836 1,985 

total   fat   (g.) 131 124 

total   fat    (%kcal) 40.7 34.4 40.0 39.3 38 41 

saturated  fat   (g.) 53 46 

saturated  fat   (%kcal) 16.5 16.7 17.6 17.3 9.3% 16% 

PUFA   (g.) 26 20 

P"fA    (%   kcal) 8.2 3.9 5.9 6.8 10.3 4.0 

P/S  ratio .51 .2 .45 

cholesterol   (mg.) 551 765 140 162 248 535 482 236 20 

alcohol   (g.) 15 17 

alcohol   (%  kcal.) 3.7 1.0 2.7 4.2 

carbohydrate   (g.) 287 

carbohydrate   (%  kcal.) 40.5 42.2 46 46 

protein   (g.) 111 99 

protein   (%  kcal.) 15.8 14.1 17 13 

body weight   (kg.) 72.6 76.1 76.1 75.8 67.3 73.7 

•Nichols et al., 1976b 
+Shekelle et al., 1981 
♦Kromhout, 1983 
IRemmell and Benfari, 1980 

1 Brown, 1971 
"Liebman and Bazzarre, 1983 

••Roberts et al., 1981 
++Mistry et al., 1981 
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Table  5.  Mean daily nutrient intake from two studies of middle-aged 
men eating self-chosen diets with no,  one or two additional eggs 
daily 

nutrient Porter et 
added 

al. (1977) 
eggs 

Flynn et 
added 

al. (1979) 
eggs 

0 eggs 1 egg 0 eggs & eggs 

no. of subjects 114 114 116 116 

age range (yrs.) 30-60 30-60 32-62 32-62 

energy (kcal.) 2,399 2 ,343 2 ,200 2 ,250 

protein (g.) 100 102 91+ 96+ 

total fat (g.) 96 100 90+ 100+ 

carbohydrate (g.) 264* 246* 248 238 

saturated fat (g.) 32 34 

PUFA (g.) 12 12 

calcium (mg.) 1,093 1 ,007 950 960 

iron (mg.) 16.5 16.0 16.0 17.0 

vitamin A (I.U.) 6,287 6 ,859 6 ,100 7 ,300 

vitamin C (mg.) 110 103 122 115 

thiamin (mg.) 1.4 1.3 1.4 1.2 

riboflavin (mg.) 2.2 2.1 2.0 2.1 

niacin (mg.) 23.0 22.7 22.0 20.0 

body weight (kg.) 74.9 74.9 75.0 75.0 

serum cholesterol (mg./dl.) 225 226 208 205 

cholesterol (mg.) 301* 536* 260* 800* 

•Significantly different (p<0.05). 
+Significantly different (p<0.01). 
♦Significantly different   (p<0.0001). 



71 

o u
 

o o U
 

m
 

E
 

m
   

O
N

 
+

 1 

T3 

4J 
(0 

•H
 

» >• 
••8 o 

c 0 u II 
0) 
a 

in
   o

i    in
 

o
    o

   -H
 

o
    ON 

O
N
   o

 
ON   m

 
ON     o

 

+ 1 
in

   m
 

co    o
    -

I 

C
 

•H
 

W
 

U
 

a> 

O
G

o
\
o

\
e

^
'
^

v
r
M

m
o

e
D

O
N

\
e

 
in

    f*N    <«•    O
N

 

X
   m

   vc 
iH

     ON 
O

    W
 

O
N

£
i
n

9
v

£
v

r
4

i
e

 
c

o
m

r
^

o
o

o
o

o
o

O
N

r
-

 
v
e    O

N
 

ON 
+ 1 

10 
+J 
(0 

> 
4

J
 

•H
 

>-l 
U

 
CO 
0) 
Q

 

<u 

E
H

 

m
   n

   
G

O
 

E
    IN

 
O
   r

- 
03 

m
 

in
 

in
 

r^ 
in

 
o

 
©

 
CD 

UD 
r^ 

r- 
00 

CD 
a. 

ON      «
• 

rg
    in

 
oo   oe 

CO 

oe 
+ 1 

01 
ON 

ID
   r^

   
N

£   ^
 

c
o

»
H

^
^

O
N

^
H

»
n

(
N

O
i
n

r
n

 
o

   m
 

m
   in 

o
   m

   +
| 

J
J

 
O

 
01 

■f
 

3
 

in
   ve   oo   

O
N
  
 
O

   
•H

    C
J 

CNI      fS
)      fS

      PN
i 

a
 

(0
 

+ 1 
IX

 

Li 
01 

u-t 
0) 

01 
A

J
 

c 01 
n 01 
Li 
a

 

a 

•a 01 

a 
m

 



Table 7. Descriptive data of subjects in study B 

age height 

body weight 

PK subject initial percent of normal* asma cholesterol 

no. yrs. cm. kg. mg./dl. 

1 34 172.7 67.7 85 170 

2 32 193.0 75.5 88 135 

3 (15) + 36 185.4 90.5 106 160 

4 (6) 52 190.5 122.7 141 148 

6 46 170.2 71.4 102 200 

7 (23) 34 185.4 90.9 106 183 

8 (13) 43 175.3 76.8 108 206 

9 (12) 44 165.1 57.3 77 256 

10 32 188.0 88.2 103 198 

11 36 177.8 73.6 91 185 

12 53 177.8 101.4 125 144 

13 (14) 51 177.8 79.1 97 294 

14 (8) 35 177.8 76.4 94 164 

15 (9) 32 193.0 97.3 114 138 

16 (11) 52 185.4 80.9 93 197 

17 43 162.6 61.8 87 153 

18 37 191.8 85.0 96 150 

19 34 177.8 76.4 89 16b 

20 (16) 34 180.3 85.9 100 215 

21 (3) 33 182.9 86.4 101 126 

22 (21) 56 170.2 76.4 101 243 

X + SD 40. .4 + 8.2 190.0 + 8.8 82.0 + 14.3 100 + 14 183 + 43 

♦Based on data presented by Kiefer, 1983. 
+Men who also participated in study A with their study A subjects numbers in () 

^1 
to 
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Table  8.  Nutrient content of 3 and.6 whole dietary eggs* and the 
1980 RDA for men,  ages 23-50 years+ 

nutrient 3 eggs cooked 6 eggs cooked 1980 RDA 

weight (g.) 162 324 

energy (kcal.) 256 512 2700 

protein (g.) 19.6 39.2 56.0 

total fat (g.) 18.0 36.0 

carbohydrate (g.) 2.0 4.0 

saturated fat (g.) 5.4 10.8 

PUFA (g.) 2.3 4.7 

cholesterol (mg.) 889 1778 

calcium (mg.) 91 182 800 

phosphorous (mg.) 292 584 800 

iron (mg.) 3.4 6.7 10.0 

sodium (mg.) 224 447 1100 - 3300 

potassium (mg.) 211 422 1875 - 5632 

zinc (mg.) 2.3 4.7 15.0 

vitamin A (I.U.) 840 1680 5000 

vitamin C (mg.) 0 0 60 

thiamin (mg.) .11 .22 1.4 

riboflavin (mg.) .41 .82 1.6 

niacin (mg.) .1 .2 18.0 

vitamin B6 (mg.) .17 .33 2.20 

total folacin (ug.) 78 156 400 

•Posati  and Orr  1976  based on poached egg data,   salted. 
+NAS:NRC   1980. 
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Table 10. Descriptive characteristics to all subjects*, and 
hypo+ and hyperrespenders+ in studies A and B 

75 

Study A all subjects hyporesponders hyperresponders 

no. of subjects 22 13 9 

age (yrs.) 38.9 +7.7* 40.4 + 7.2 36.4 + 8.6 

height (an.) 180.2 + 8.8 181.8 + 8.7 177.4 + 8.7 

weight (kg.) 
initial 
final 

83.2 + 13.9 
83.1 + 14.1 

86.6 + 14.3 
86.6 + 14.6 

77.2 + 11.6 
76.8 + 11.4 

plasma cholesterol 
baselinel 
classification" 
treatment** 

(mg.dl.) 
194 + 45 
202 + 39 
207 + 43 

204 + 41 
199 + 37 
213 + 39 

180 + 41++ 
206 + 43++ 
197 + 48 

Stu3y B all subjects hyporesponders hyperresponders 

no. of subjects 20 9 11 

age (yxs.) 40.4 + 8.2 38. 8+ 9.1 42.0 + 7.5 

height (can.) 180.0 + 8.8 183.7 + 14.7 177.3 + 9.4 

weight (kg.) 
" initial 
final 

82.0 + 14.3 
82.5 + 14.4 

87.8 + 14.7 
87.9 + 15.4 

77.b + 12.9 
78.1 + 13.6 

plasma cholesterol 
baselinell 
classification" 
treatment+t 

(mg./dl.) 
183 + 43 
191 + 41 
186 + 50 

177 + 39 
181 + 27 
181 + 35 

187 + 48## 
199 + 49## 
195 + 61 

♦Nineteen subjects participated in one study only; 12 subjects participated 
in both studies. 

+Subjects whose plasma cholesterol did not increase >_ 7.5% in response to 
the daily addition of 3 dietary eggs during the classifcation period. 

^Subjects whose plasie cholesterol increased > 7.5% in response to the daily 
addition of 3 dietary eggs during the classification period. 

#Mean + standard deviation. 

llSubjects eating their self-chosen diets with no added dietary eggs. 

"Subjects eating their self-chosen diet with the addition of 3 dietary eggs 
daily for 4 weeks. 

**Hyporespanders eating their self-chosen diests with the addition of 6 dietary 
eggs daily for 5 weeks; hyperresponders eating their self-chosen diets with the 
addition of 3 dietary eggs daily for 5 weeks. 

++Significantly different (p<. 01). 
4+Hyporespanders eating their self-chosen diets with the daily addition of; 

1) 3 dietary eggs and 2) 10% of each subject's total kcal. as butter for 4 
weeks; hyperresponders eating theix self-chosen diets with the daily addition 
of; 1) 3 dietary eggs and 2) 10% of each subject's total kcal. as PUFA 
margarine for 4 weeks. 

##Significantly different (p<.001). 



Table 11. Mean daily nutrient content of the subjects' self- 
chosen diets without added eggs during the baseline* periods 
of  studies A and B+ 

76 

median nutrients meant %kcal range ' 

energy   (g.) 

protein   (g.) 

total   fat   (g.) 

carbohydrate   (g.) 

alcohol   (g-) 

caffeins(mg.) 

saturated fat   (g.) 

PUFA   (g.) 

P/S 

cholesterol   (mg.) 

calcium 

phosphorous (mg.) 

iron (mg.) 

sodium (mg.) 

potassium (mg.) 

zinc (mg.) 

vitamin A (1.0.) 

vitamin C (mg.) 

thiamin (mg.) 

riboflavin (mg.) 

niacin (mg.) 

vitamin Be (mg.) 

total folacin (ug.) 

2,648 + 686 2, ,586 1,333 - 4,444 
96.7 + 30.0 14.2 94.0 48.8 - 192.1 
108 + 35 35.6 104 37 - 245 
311 + 83 46.9 294 161 - 520 

14.2 + 16.4 3.4 8.0 0 - 55.2 
269 + 267 226 0 - 1085 
39.0 + 12.9 13.4 38.2 9.7 - 96.6 
17.9 + 7.7 5.9 16.5 5.4 - 51.2 
0.48 + 0.16 5.9 0.49 .11 - 1.02 
458 + 205 

%RDA 

493 130 

" 
954 

1,129 + 446 137 979 458 - 2,327 
1,813 + 555 226 1 ,675 971 - 3,296 
17.8 + 5.6 17 8 17.4 9.0 - 57.6 

3,175 + 1,016 288 2 ,982 1,334 - 7,516 
3,566 + 898 190 3 ,483 2,064 - 6293 
17.4 + 8.8 116 15.3 7.5 - 46.0 

8,356 + 4,905 168 6 ,847 2,211 - 20,647 
148 + 78 233 111 42 - 347 

1.81 + .65 132 1.72 .85 - 5.62 
2.41 + .88 155 2.33 .98 - 7.42 
26.7 + 9.7 154 24.1 15.8 - 69.3 
2.22 + .66 101 2.06 .92 - 4.48 
349 + 131 88 317 96 - 676 

+Mean daily intake calculated from 7-day dietary records of 19 subjects 
who participated in one study only; and from the means of two 7-day 
dietary records of 12 men who participated in both studies.  Data 
does not include nutrient supplements.  Data were collected from days 
1 to 7 in study A and days 1 to 7 in study B. 

*0ne week of free-choice diet with no additional egg. 

*Mean + standard deviation. 
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Table  12.  Nutrient content per 1,000 kcal and range of self- 
choseh diets consumed by all subjects from studies A and B* 
during the baseline period as compared to the RDA per 1,000 
kcal 

nutrient meant ran< 36 RDAft 

protein (g.) 36.5 + 5.7 25.9 - 53.6 

total fat (g.) 40.3 + 5.6 27.2 - 54.8 20.7 

carbohydrate (a.) 118.8 + 14.9 90.6 - 157.2 

alcohol (g.) 5.0 + 6.1 0 - 21.2 

caffeine (mg.) 127 + 176 0 - 351 

saturated fat (g.) 14.6 + 3.1 9.2 - 37.5 

PUFA (g.) 6.8 + 1.7 2.3 - 9.6 

cholesterol (mg.) 176 + 67 66 - 316 

calcium (mg.) 427 + 118 212 - 704 296 

phosphorous (mg.) 676 + 120 404 - 927 296 

iron (mg.) 6.9 + 1.5 4.2 - 13.8 3.70 

sodium (mg.) 1,211 + 225 756 - 1781 407 

potassium (mg.) 1,404 + 349 834 - 2882 694 

zinc (mg.) 6.5 + 2.2 4.1 - 12.1 5.5 

vitamin A (I.U.) 3,321 + 2,242 976 - 12,918 1,852 

vitamin C (mg.) 54 + 29 16 - 176 22 

thiamin (mg.) .69 + .16 .37 - .99 .52 

riboflavin (mg.) .98 + .21 .54 - 1.67 .59 

niacin (mg.) 10.1 + 2.4 6.2 - 15.3 6.7 

vitamin Be (mg.) .86 + .22 .57 - 1.53 .81 

total folacin (yg.) 133 + 46 71 — 292 148 

*Mean daily intake  calculated  from 7-day dietary records of  19 
subjects who participated  in one  study only;   and  from the means 
of  two  7-day dietary records of  each of  the  12 men who 
participated in both  studies.     Data were  collected  from days  1  to 
7   in  study B.     Data does not  include  nutrient  supplements. 

+One week of  free-choice diet with no additional eggs. 
*Mean +  standard deviation  of each nutrient per  1,000 kcal.   intake. 
#RDA  for men  ages  23-55  years divided by 1,000  kcal. 



Table 13. Mean daily nutrient content of the subjects* self-chosen diets including 
3 additional eggs daily during the classification* periods of studies A and B 

nutrient mean+ %kcal median range 

significant 
differences (P) 

due to the addition 
 of 3 eggs  

energy (kcal.) 

protein (g.) 

total fat (g.) 

carbohydrate (g.) 

alcohol (g.) 

caffeine (tng.) 

saturated fat (g-) 

PUFA (g.) 

P/S 

cholesterol (mg.) 

cholesterol (mg.) 
(without added egg) 

calcium (mg.) 

phosphorous (mg.) 

iron (mg.) 

sodium (mg.) 

potassium (mg.) 

zinc (mg.) 

vitamin A (I.U.) 

vitamin C (mg.) 

thiamin (mg.) 

riboflavin (mg.) 

niacin (mg.) 

vitamin Be (mg.) 

total folacin (pg.) 

2,772 + 680 2,894 1,322 - 4,733 
104.3 + 30.0 15. 0 101.6 57 - 206 

121 + 35 38. 0 126 66 - 275 
301 + 77 43. 0 303 149 - 618 

14.3 + 17.8 3. 2 6.1 0 - 62.1 
309.7 + 315.8 230 0 - 1,438 
39.9 + 12.5 12. 7 36.2 10.8 - 89.4 
32.5 + 9.4 7. 5 21.5 8.1 - 51.3 
0.60 + 0.20 0.59 0.32 - 1.46 

1,140 + 100 1,128 949 - 1,718 

378 + 100 362 187 - 956 
%RDA 

1,181 + 450 147 1,065 479 - 2,411 
2,004 + 546 243 1,971 1,098 - 3,853 
19.0 + 4.0 204 20.0 13.7 - 35.1 
3,640 + 947 337 3,576 1,971 - 7,144 
3,614 + 732 195 3,576 2,142 - 6,184 
16.1 + 6.0 110 14.2 9.5 - 34.5 

7,667 + 2,934 156 6,838 4,202 - 16,732 
144 - 78 240 129 48 - 355 
1.90 - .59 137 1.82 .90 - 4.21 
2.85 + .94 177 2.55 1.48 - 5.73 
24.9 + 7.6 141 24.2 12.6 - 53.8 
2.10 + .55 95 2.06 1.12 - 3.65 
400 + 114 101 392 216 - 772 

<.05 

<.01 

<.0001 

<.01l 

<.01 

<.05 

<.001 

♦Four weeks of free-choice diet with 3 dietary eggs added daily. 
+Mean daily intake calculated from 7-day dietary records of 19 subjects who participated in one 
study only; and from the means of two y-day dietary recortis of 12 men who participated in both 
studies.  Data were collected from days 31 to 37 in study A and days 28 to 36 in study B. 
Data do not include nutrient supplements. 
+Mean + standard deviation. 
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Table.  14.   Significant differences   (P)   due to the effect of 3 added 
eggs to the diets of hyporesponders,* hyperresponders,+ of studies 
A and B and all subjects from studies A and B + pooled together 

nutrient study A study B  studies A + B 
 hypos       hypers hypos       hypers all  subjects 
no.   of  subjects 13 9 9 11 31 
energy   (kcal.) 
protein   (g.) <.05 
total   fat   (g.) <.05 
carbohydrate   (g.) 
alcohol   (g.) 
caffein   (mg.) 
saturated fat   (g.) 
PUFA   (g.) 
cholesterol (mg.)       <.0001  <.0001    <.0001 

cholesterol (mg.) 
(without added egg) 

calcium (mg.) <.05 

phosphorous (mg.) 

iron (mg.) <.01 

sodium (mg.) <.05 

potassium (mg.) 

zinc (mg.) 

vitamin A (I.u.) <.05 

vitamin C (mg.) 

thiamin (mg.) 

riboflavin (mg.) 

niacin (mg.) 

vitamin Be (mg.) 

total folacin (yg.) <.05 

♦Subjects whose plasma cholesterol did not increase >_ 7.5% in response 
to the daily addition of 3 dietary eggs during the classification period. 
+Subjects whose plasma cholesterol increased >7.5% to the daily addition 
of 3 dietary eggs during the classification period. 

♦Nineteen subjects participated in one study only; 12 subjects 
participated in both studies. 

<.05 

<.001 

<.0001 <.0001 

<.01 

<.05 <.01 

*.05 

<.001 



Table 15. Mean daily nutrient content of se 
additional eggs daily in 13 hyporesponders* 

If-chosen diets including 0, 3 and 6 
in study A 

significant differences (P) 

nutrient 
baseline 

0 added eggs 
classification 
3 added eggs 

treatment 
6 added eggs 

0 vs. 3 
eggs 

3 vs. 6 
eqqs 

0 vs. 6 
eggs 

energy (kcal.) 2,679 + 417+ 2,715 + 606 2,593 + 503 

protein (g.) 94.8 + 20.8 105.5 + 18.0 110.7 + 13.9 <.05 

total fat (g.) 108 + 20 117 + 31 127 + 21 <.05 

carbohydrate (g.) 314 + 58 297 + 81 247 + 68 <.01 <.01 + 

alcohol (g.) 16.9 + 20.2 15.3 + 20.8 10.8 + 17.6 

caffeine (mg.) 290 + 343 307 + 316 265 + 281 

saturated fat (g.) 39.6 + 9.2 37.4 + 10.3 41.0 + 8.4 

PUFA (g.) 17.4 + 6.0 25.6 + 12.2 23.0 + 5.3 <.05 

P/S 0.47 + 0.20 0.69 + 0.27 0.57 + 0.14 <.05 

cholesterol (mg.) 521 + 199 1,113 + 74 1,939 + 89 <.0001 <.01 <.0001 

cholesterol (mg.) 
without added egg) _.   351 + 74 415 + 89 

calcium (mg.) 1,236 + 407 1,300 + 570 1,219 + 429 

phosphorous (mg.) 1,845 + 418 2,080 + 611 2,001 + 412 

iron (mg.) 16.0 + 3.2 21.0 + 3.1 18.7 + 2.6 <.01 <.05t <.05 

sodium (mg.) 3,203 + 701 3,530 + 782 3,426 + 480 

potassium (mg.) 3,343 + 748 3,525 + 576 3,122 + 530 <.05 + 

zinc (mg.) 17.3 + 7.1 18.0 + 7.2 17.2 + 10.2 <.05* 

vitamin A (I.U.) 7,900 + 5,054 7,701 + 3,174 7,241 + 1,548 

vitamin C (mg.) 104 + 64 113 + 50 111 + 66 

thiamin (mg.) 1.75 + .52 2.02 + .70 1.46 + .31 <.01 + <.05 + 

riboflavin (mg.) 2.49 + .49 3.05 + 1.29 2.78 + .57 

niacin (mg.) 23.5 + 4.7 23.4 + 6.9 16.6 + 3.8 <.01* <.001* 

vitamin B6 (mg.) 2.11 + .55 2.05 + .69 1.76 + .61 <.05 + 

total folacin (iig.) 341 + 136 347 + 107 390 + 93 

•Subjects whose plasma cholesterol increased <^ 7.5% in response to the daily addition of 3 dietary 
eggs during the classification period.  Data were collected from days 1 to 7, 31 to 37 and 71 to 77. 
Data do not include nutrient supplements. 

+Mean + standard deviation. 
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Table 16. Mean daily nutrient content of self-chosen diets including 0, 3 and 
3 additional eggs daily in 9 hyperresponders* in study A  

significant differences (P) 

nutrient 
baseline 

0 added eggs 
classification 
3 added eggs 

treatment     0 vs. 3  3 vs. 3' 0 vs. 3' 
3 added eggs eggs eggs eggs 

energy (kcal.) 2,797 + 964 + 2,755 + 854 2,930 + 937 

protein (g.) 107.6 + 34.4 109.2 + 26.8 115.4 + 33.3 

total fat (g.) 111 + 53 122 + 44 134 + 57 

carbohydrate (g.) 325 + 110 288 + 86 313 + 89 

alcohol (g.) 18.0 + 11.4 13.9 + 9.4. 8.7 + 7.4 

caffeine (mg.) 336 + 317 417 + 410 396 + 335 

saturated fat (g.) 48.4 + 24.5 39.4 + 16.1 43.4 + 18.9 

PUFA (g.) 17.6 + 12.6 21.7 + 10.0 25.1 + 13.0 

P/S 0.41 + 0.22 0.66 + 0.30 0.59 + 0.16 

cholesterol (mg.) 460 + 206 1,153 + 132 1,184 + 149 

cholesterol (mg.) 
(without added egg)   391 + 132 422 + 149 

calcium (mg.) 1,234 + 610 1,153 + 433 1,200 + 498 

phosphorous (mg.) 1,966 + 652 1,952 + 456 2,061 + 617 

iron (mg.) 18.9 + 3.1 20.6 + 4.1 21.9 + 4.8 

sodium (mg.) 3,902 + 1,709 4,051 + 1,501 3,743 + 1,345 

potassium (mg.) 3,945 + 645 3,589 + 579 3,491 + 719 

zinc (mg.) 21.3 + 10.9 17.7 + 5.7 18.0 + 8.1 

vitamin A (1.0.) 11,728 •f 5,633 6,677 + 1,733 9,825 + 6,455 

vitamin C (mg.) 100 + 55 107 + 53 135 + 56 

thiamin (mg.) 1.91 + .52 1.71 + .47 1.83 + .63 

riboflavin (mg.) 2.72 + .94 2.65 + .70 2.73 + .84 

niacin (mg.) 30.2 + 10.4 24.6 + 8.3 25.7 + 6.4 

vitamin B6 (mg.) 2.51 + .91 2.05 + .64 2.01 + .48 

total folacin (ug.) 369 + 135 335 + 89 374 + 100 

<.0001 

<.05 + 

<.01 

<.05 

<.05 

<.05 

<.0001 

<.05 

<.05 + 

♦Subjects whose plasma cholesterol increased > 7.8% in response to the daily addition of 3 dietary 
eggs during the classification period.  Data were collected from days 1 to 7, 31 to 37 and 71 to 77. 
Data do not include nutrient supplements. 

+Mean + standard deviation. 
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Table 17.  Mean daily nutrient content of self-chosen diets including 0 added 
eggs, 3 added eggs and 3 added eggs plus 19% of total calories as butter daily 
in 9 hyporesponders* in study B 

siqi lificant differences (P) 

nutrient 
baseline 

0 added eggs 
classification 
3 added eggs 

treatment 
3 added eggs 
+ butter 

0 vs. 3 
eggs 

3 vs. 3  0 vs. 3 
eggs    eggs 

+ butter + butter 

energy (kcal.) 2,839 ; t 974+ 3,115 + 1,116 3,322 + 886 <.01 

protein (g.) 99.4 + 40.7 108.4 +. 40.0 109.9 + 29.8 

total fat (g.) 119 + 40 142 + 61 161 + 52 <.05      <.01 

carbohydrate (g.) 350 + 144 357 + 110 365 + 100 

alcohol (g.) 6.0 + 11.4 7.7 + 14.1 8.8 + 16.0 

caffeine (mg.) 279 + 195 294 + 216 260 + 150 

saturated fat (g.) 40.7 + 14.5 47.9 + 22.8 62.4 + 20.5 <.001     <.001 

PUFA (g.) 22.1 + 6.4 26.2 + 10.3 22.2 + 9.0 . 

P/S 0.56 + 0.10 0.59 + 0.16 0.36 + 0.09 <.014     <.01* 

cholesterol (mg.) 441 + 183 1,169 + 113 1,236 + 142 <.0001 

cholesterol (mg.) 
(without added egg) 407 + 113 414 + 142 

calcium (mg.) 987 + 310 1,274 + 539 1,219 + 414 < .05 <.05 

phosphorous (mg.) 1,782 + 692 2,053 + 779 2,149 + 686 <.01 

iron (mg.) 22.2 + 14.3 20.0 + 6.5 21.4 + 5.0 

sodium (mg.) 3,152 + 998 3,972 + 1,045 4,044 + 889 < .05 <.05 

potassium (mg.) 3,477 + 835 3,959 + 1,133 3,973 + 1,275 <.05 

zinc (mg.) 14.0 + 4.4 15.0 + 6.4 15.9 + 4.2 

vitamin A (I.U.) 6,511 + 3,538 8,686 + 3,926 8,822 + 3,566 <.01 

vitamin C (mg.) 185 + 107 226 + 86 217 + 112 

thiamin (mg.) 2.19 + 1.55 2.07 + 86 2.11 + .90 

riboflavin (mg.) 2.78 + 1.85 2.83 + .92 2.54 + .78 

niacin (mg.) 29.89 + 16.4 25.6 + 12.2 25.6 + 8.2 

vitamin B6 (mg.) 2.09 + .69 2.09 + .66 2.01 + .73 

total folacin (mg.) 348 + 169 468 + 129 411 + 124 <, .05 

♦Subjects whose plasma cholesterol increased < 7.5% in response to the daily addition of 3 dietary 
eggs during the classification period.  Data were collectea from days 1 to 7, 28 to 34 and 56 to 
62.  Data do not include nutrient supplements. 

+Mean + standard deviation. 
00 
to 



Table 18. Mean daily nutrient content of self-chosen diets including 0 added 
eggs, 3 added eggs and 3 added eggs plus 10% of total calories as margarine 
daily in 11 hyperresponders* in study B 

significant differences (P) 

nutrient 
baseline 

0 added eggs 
classification 
3 added eggs 

treatment 
3 added eggs 
+ margarine 

3 vs. 3  0 vs. 3 
0 vs. 3    eggs    eggs 
eggs  + marg.  + marg. 

energy (kcal.) 2,474 + 643+ 2,791 + 564 2,866 + 516 <.05 

protein (g.) 96.2 + 35.2 107.5 + 20.7 104.9 + 22.1 

total fat (g.) 100 + 40 124 + 27 134 + 30 <.05            <.01 

ca rbohydrate (g.) 285 + 58 293 + 72 293 + 64 
alcohol (g.) 15.0 + 18.2 18.0 + 19.6 16.4 + 19.7 

caffeine (mg.) 251 + 315 284 + 394 307 + 367 

saturated fat (g.) 32.3 + 11.6 40.0 + 7.9 37.5 + 8.5 <.05             <.05 

PUFA (g.) 16.6 + 8.8 22.3 + 7.1 33.5 + 9.4 <.001    <.001    <.001 

P/S 0.51 + 0.19 0.56 + 0.12 0.89 + 0.17 <.01     <.01 

cholesterol (mg.) 430 + 244 1,170 + 206 1,166 + 161 <.0001           <.0001 

cholesterol (mg.) 
(without added egg) 408 + 206 404 + 161 

calcium (mg.) 952 + 420 1,090 + 425 1,137 + 457 

phosphorous (rag.) 1,732 + 644 2,005 + 505 1,993 + 567 <.05 

iron (mg.) 18.6 + 5.4 20.4 + 4.6 21.2 + 4.6 <.05 

sodium (mg.) 2,702 + 878 3,466 + 871 3,778 + 676 <.05 

potassium (mg.) 3,732 1,158 3,674 + 926 3,733 + 1,182 

zinc (mg.) 17.8 + 10.1 15.4 + 3.3 15.9 + 4.3 

vitamin A (I.U.) 7,913 + 5,412. 8,280 + 3,357 9,855 + 4,705 

vitamin C (mg.) 165 + 75 152 + 89 162 + 89 

thiamin (mg.) 1.72 + .59 1.91 + .54 1.81 + .53 

riboflavin (mg.) 2.13 + .83 2.81 + .96 2.43 + .64 

niacin (mg.) 29.9 + 13.3 28.6 + 8.5 26.3 + 8.0 

vitamin B6 (mg.) 2.35 + .86 2.21 + .49 2.21 + .65 
total folacin (pg.) 379 + 134 456 + 132 438 + 136 <.05             <.05 

♦Subjects whose plasma cholesterol increased >7.5% in response to the daily addition 
of 3 dietary eggs during the classification period.  Data were collected from days 
1 to 7, 28 to 34 and 56. to 62.  Data do not include nutrient supplements. 

+Mean + standard deviation. 00 
w 
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Table 19. Nutrient content of the 19 subjects who participated in 
either study A or study B during the baseline* periods of studies 
A and B+ 

studies A  &  B 
 study A study B combined 

number of  subjects                             10 9 19 

energy   (kcal.)                           2,780  +  644+ 2,465  +  616 2,631  +  634 

protein   (g.)                                  96.6   +  25.5 9.19  +  33.0 94.4   +  28.5 

total fat (g.)            113 + 26 101 + 43 108 + 35 

carbohydrate (g.)         324 + 84 291 + 50 308 + 70 

alcohol (g.)            17.8 + 18.8 11.5 + 20.7 14.8 + 19.5 

caffeine (mg.)            264 + 244 170 + 138 216 + 204 

saturated fat (g.)       41.4 + 11.3 34.3 + 13.3 38.1 + 12.5 

PUFA (g.)                18.9+5.9 16.7+9.5 17.8+7.7 

P/S                     0.48 + 0.21 0.47 + 0.17 0.47 + 0.19 

cholesterol (mg.)         518 + 256 371 + 173 449 + 227 

calcium (mg.)           1,369 + 523 997 + 411 1,193 + 499 

phosphorous (mg.)       1,935 + 508 1,697 + 640 1,823 + 574 

iron (mg.)               16.0 + 2.7 17.0 + 3.9 16.5 + 3.3 

sodium (mg.)            3,570 + 993# 2,758 + 561# 3,186 + 898 

potassium (mg.)         3,458 + 762 3,635 + 1,190 3,542 + 963 

zinc (mg.)              17.8 + 11.0 16.1 + 12.2 17.0 + 11.3 

vitamin A (I.U.)        9,266 + 5,856 7,040 + 4,042 8,212 + 5,070 

vitamin C (mg.)          98.0 + 56.4 165 + 70 130 + 70 

thiamin (mg.)            1.73 + .31 1.72 + .31 1.72 + .39 

riboflavin (mg.)         2.43 + .50 2.16 + .70 2.30 + .60 

niacin (mg.)             23.3 + 4.2 25.66 + 10.7 24.4 + 7.8 

vitamin Bj (mg.)         2.17 + .47 2.30 + .79 2.23 + .63 

total folacin (yg.        328 + 107 354 + 124 341 + 113 

*One week of self-chosen diets with no additional egg. 
+Nutrient content based on mean daily intake calculated from 7 day 
dietary records collected from days 1 to 7 in study A and days 1 to 7 
in study B.  Data do not include nutrient supplementation. 

*Mean + standard deviation. 
#Significantly different (p<.05). 
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Table 20. Nutrient content of the 19 subjects who participated in 
either study A or study B during the classification* periods of 
studies A and B+ 

study A study B 
studies A & B 

combined   

number of subjects 

energy (kcal.) 

protein (g.) 

total fat (g.) 

carbohydrate (g.) 

alcohol (g.) 

caffeine (mg.) 

saturated fat (g.) 

PUFA (g.) 

P/S 

cholesterol (mg.) 

cholesterol (mg.) 
(without egg added) 

calcium (mg.) 

phosphorous (mg.) 

iron (mg.) 

sodium (mg.) 

potassium (mg.) 

zinc (mg.) 

vitamin A (I.U.) 

vitamin C (mg.) 

thiamin (mg.) 

riboflavin (mg.) 

niacin (mg.) 

vitamin Bt (mg.) 

total folacin (ug.) 

10 

2,790 + 685+ 
106.0 + 212. 

122 + 33 
296 + 85 

17.3 + 20.2 
299 + 274 

40.2 + 9.5 
25.1 + 12.7 
0.61 + 0.27 

1,136 + 75 

374 + 75 
1,341 + 460 
2,122 + 592 
20.0 + 4.3 

3,714 + 797 
3,525 + 624 
17.1 + 7.4 

6,843 + 2,898 
107 + 41 

1.98 + .70 

3.35 + 1.21# 
22.5 + 5.5 
2.11 + .69 

351 + 112 

2,591 + 429 

97.9 + 19.6 

112 + 23 

289 + 46 

13.3 + 20.9 

193 + 214 

37.6 + 9.8 

20.5 + 6.8 

0.54 + 0.11 

1,118 + 85 

356 + 85 

1,036 + 368 

1,833 + 520 

17.9 + 2.8 

3,242 + 820 

3,515 + 938 

13.6 + 3.0 

7,902 + 3,913 

180 + 105 

1.80 + .46 

2.37 + .52# 

25.5 + 8.7 

2.08 + .46 

436 + 124 

19 

2,696 + 572 

102.2 + 20.4 

117 + 29 

293 + 68 

15.4 + 20.1 

249 + 247 

39.0 + 9.5 

22.9 + 10.3 

0.58 + 0.20 

1,128 + 78 

366 + 78 

1,197 + 436 

1,985 + 563 

19.0 + 3.7 

3,495 + 820 

3,520 + 765 

15.4 + 5.9 

7,344 + 3,361 

142 + 87 

1.88 + .59 

2.88 + 1.05 

23.9 + 7.1 

2.10 + .58 

391 + 122 

♦Four weeks of self-chosen diets with 3 added dietary eggs daily. 
+Nutrient content based on mean daily intake calculated from 7 day 
dietary records collected from days 31-37 in study A and 28 to 34 in 
study B.  Data do not include nutrient supplementation. 

*Mean + standard deviation. 
tSignificantly different (p<.05). 
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Table  21.   Nutrient content of the 12 subjects who participated in 
both studies A and B during the baseline* periods of studies A and B 

studies A &  B 
 study A study B averaged 
energy   (kcal.)                           2,663  +  727+ 2,660  +  988 2,671  +  848 
protein   (g.)                                  103.3  +  29.5 98.0  +  41.7 100.4   +  35.3 
total   fat   (g.)                               106  +  44 109  +  40 108  +  41 
carbohydrate   (g.)                        313  +   83 319  +  142 316  +  114 
alcohol   (g.)                                  16.9  +  15.8 9.6  +  11.3 13.3  +  14.0 
caffeine (mg.)            346 + 388 360.4 + 311.0 353 + 344 

saturated fat (g.)       44.7 + 21.4 36.1 + 14.1 40.4 + 18.3 

PUFA (g.)                16.4 + 11.1 19.9 + 7.5 18.1 + 9.4 

P/S                       0.41 + 0.21 0.56 + 0.17 0.49 + 0.19 

cholesterol (mg.)         477 + 147 468 + 235 473 + 192 

calcium (mg.)           1,124 + 445 924 + 339 1,027 + 396 

phosphorous (mg.)       1,861 + 541 1,732 + 689 1,797 + 610 

iron (mg.)               18.0 + 3.7 21.7 + 13.0 19.8 + 9.6 

sodium (mg.)            3,420 + 1442 2,896 + 1,206 3,158 + 1,327 

potassium (mg.)         3,698 + 764 3,474 + 960 3,586 + 856 

zinc (mg.)               19.9 + 6.9# 14.6 + 5.1# 17.2 + 6.5 

vitamin A (I.U.)        9,632 + 5,468 7,539 + 4,969 7,906 + 4,608 

vitamin C (mg.)           124 + 67 173 + 104 148 + 89 

thiamin (mg.)            1.89 + .64 2.01 + 1.42 1.95 + 1.08 

riboflavin (mg.)         2.72 + .83 2.56 + 1.71 2.64 + 1.31 

niacin (mg.)             28.8 + 9.7 32.0 + 16.5 30.4 + 13.3 

vitamin Bt (mg.)         2.35 + .91 2.08 + .83 2.22 + .86 

total folacin (pg.        372 + 154 351 + 181 362 + 164 

♦One week of self-chosen diets with no additional egg. 
+Nutrient content based on mean daily intake calculated from 7 day 
dietary records collected from days 1 to 7 in study A and days 1 to 7 
in study B.  Data do not include nutrient supplementation. 

+Mean + standard deviation. 
^Significantly different (p<.05). 
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Table 22. Nutrient content of the 12 subjects who participated in 
both studies A and B during the classification* periods of studies 
A and B 

study A study B 
studies A & B 

averaged 

energy (kcal.) 

protein (g.) 

total fat (g.) 

carbohydrate (g.) 

alcohol (g.) 

caffeine (mg.) 

saturated fat (g.) 

PUFA (g.) 

P/S 

cholesterol (mg.) 

cholesterol (mg.) 
(without egg added) 

calcium (mg.) 

phosphorous (mg.) 

iron (mg.) 

sodium (mg.) 

potassium (mg.) 

zinc (mg.) 

vitamin A (I.U.) 

vitamin C (mg.) 

thiamin (mg.) 

riboflavin (mg.) 

niacin (mg.) 

vitamin Bt   (mg.) 

total folacin (ug.) 

2,682 + 737+ 

108 + 22.7 

117 + 40+ 

291 + 81 

12.6 + 13.8 

32.6 + 413 

36.5 + 15.0# 

23.0 + 10.4 

0.69 + 0.30 

1,123 + 121 

361 + 121 

1,071 + 487# 

1,949 + 514 

21.4 + 3.5 

3,767 + 1,384 

3,573 + 536 

18.5 + 5.9 

7,649 + 2,548 

113 + 51# 

1.90 + .58 

2.50 + .83 

25.03 + 8.64 

2.0 + .6 

363 + 93+ 

3,101 + 1,049 
112.6 + 35.7 

142 + 54+ 
338 + 117 

12.4 + 15.5 

407.2 + 383.5 
46.3 + 19.8# 
25.7 + 9.8 

0.58 + 0.16 
1,194 + 206 

433 + 206 

1,247 + 531# 

2,117 + 692 

21.5 + 6.5 

3,969 + 953 

3,950 + 1,039 

16.0 + 5.8 

8,707 + 3,237 

180 + 99# 

2.05 + .83 

3.08 + 1.03 

27.8 + 11.4 

2.12 + .68 

464 + 141+ 

2,892 + 912 

110.2 + 29.3 

129 + 48 

314 + 101 

13.2 + 15.5 

314 + 390 

41.4 + 17.9 

24.4 + 10.0 

0.63 _ 0.24 

1,159 + 169 

397 + 169 

1,159 + 506 

2,033 + 602 

21.3 + 4.9 

3,869 + 1,167 

3,762 + 831 ' 

17.2 + 5.9 

8,178 + 2,900 

146 + 84 

1.95 + .70 

2.79 + .96 

26.4 + 10.0 

2.09 + .65 

414 + 128 

♦Four weeks of self-chosen diets with 3 added dietary eggs daily. 
+Nutrient content based on mean daily intake calculated from 7 day 
dietary records colleced from days 31-37 in study A and days 28-34 
in study B. 

+Mean + standard deviation. 
iSignificantly different (p<.05).  Data do not include nutrient 
supplementation. 



Table 23. Mean, range and mode of nutrient intakes from supplements 
in descending order of frequency by nutrient supplement users in studies 
A and B 

nutrients users mean range mode 
no. % 

vitamin C (mg.) 22 100.0 840 + 1,328 36 - 5,700 1,000 

vitamin E (I.U.) 12 54.5 98 + 133 11 - 415 114 

thiamin (mg.) 12 54.5 11.57 + 12.35 .97 - 46.21 10.00 

riboflavin (mg.) 12 54.5 10.98 + 11.73 .50 - 43.77 10.00 

Niacin (mg.) 12 54.5 58.3 + 80.98 4.1 - 180.0 43.0 

vitamin B6 (mg.) 12 54.5 29u0 6 + 80. gs .63 - 398.66 5.00 

iron (mg.) 12 54.5 25.3 + 26.4 3.4 - 104.9 12.0 

vitamin B, , (|ig.) 11 50.0 12.7 + 12.3 1.0 - 42.9 5.0 

pantothenic acid (mg.) 11 50.0 19.9 + 21.2 1.0 - 44.9 20.0 

vitamin D (I.U.) 11 50.0 355 + 170 17 - 800 400 

vitamin A (I.U.) 11 50.0 8,150 + 6,316 714 - 21,429 10,000 

total folacin (ug.) 9 40.9 613 + 364 115 - 1,196 1,196 

zinc (mg.) 9 40.9 10.4 + 7.5 .6 - 22.5 16.1 

manganese (mg.) 9 40.9 1.46 + 1.57 .43 - 3.21 1.0 

copper (mg.) 8 36.4 1.58 + .66 .5 - 2.43 2.0 

biotin liig.) 8 36.4 157 + 143 13 - 386 250 

magnesium (mg.) 7 31.8 128 + 128 27 - 436 70 

iodine (mg.) 7 31.8 1.33 + 2.86 .04 - 8.70 .15 

calcium (mg.) 6 27.3 346 + 471 53 - 1,350 204 

phosphorous (mg.) 6 27.3 377 + 280 46 - 852 92 

potassium (mg.) 6 27.3 305 + 249 8 - 669 20 & 669 

others* 7 31.8 

♦Number = 22 (total number of subjects - 31). 
+Chromium, selenium, chloride, protein powder, brewer's yeast, molybdeura, bran, 
lecithin, liver, cobalt, inositol, kelp, garlic capsules, choline. 

00 
00 



Table  24.   Number and percent of  7-day dietary records  in which nutrient supplements 
were  used by subjects  in both studies A and B 

<67% RDA 

nutrients no.  of 7-day 
dietary  records 

 1 of 1-iay  
dietary records 

%   taking 
supplements 

calcium 

phosphorous 

i ron 

1>otasR i urn 

zinc 

vitamin A 

vitamin C 

th i am in 

riboflavin 

niacin 

vitamin B.. 

total folacin 

7 

0 

0 

0 

12 

5 

4 

7 

2 

2 

17 

27 

9.4 

3.9 

3.1 

5.5 

1.6 

1.6 

13.3 

21.1 

33.3 

20.0 

25.0 

0.0 

50.0 

0.0 

29.4 

18.5 

67«-100» RDA 

no. of 7-day 
dietary records 

Xof   7-dayXtaking 
cletary records    supplements 

22 

0 

1 

0 

49 

20 

11 

26 

6 

18 

67 

46 

38.3 

15.6 

8.6 

20.1 

4.7 

14.0 

52.3 

35.9 

16.3 

20.0 

36.4 

30.8 

50.0 

33.3 

9.0 

4.3 

no. of 7-day 
dietary records 

99 

128 

127 

128 

67 

101 

113 

95 

120 

108 

44 

55 

>100l RDA 

i  of -day 
dietary records 

1    taking 
supplements 

77.1 

100 

99.2 

100 

52.3 

80.5 

88.3 

2 

7 

4 

4 

0 

13.1 

13.3 

22.0 

9.4 

13.4 

20.4 

49 

22 

22 

23 

38 

27 

00 
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Appendix A 

History 

1.  Age II.   Sex 

III.  Past illnesses and present nedical problems.  Do you have any of the following? 

Yes Ho 

Diabetes     

Asthma     

High blood pressure _^ ^_^ 

Thyroid trouble   ^_ 

Diseases of other endocrine glands? 
(Cushings disease, Addison's disease, 
parathyroid or pituitary disease. 
Stein Leventhal syndrome)     

Coronary heart disease     

High blood lipids? 
(cholesterol or triglycerides)   ^_^ 

Gallstones or gallbladder 
disease     

Liver disease __> ___ 

Cystic fibrosis or other intestinal 
nalabsorption     

Kidney disease     

Other    

IV.   Personal habits 

Do you smoke?  not at all /_/ cigarettes /_/ pipe /_/ cigars /_/ 
How nuch?_   ^^     _^ 

Do you get strenuous exercise?  yes /_J      no /_/  Type of exercise 

Kow often (average number of times per week  15 min. or more)  

Do you drink alcohol?  not at all /_/  rarely, at parties /_/ most weekends / / 

weekends and some week days /_/  nost days /_./ 

Amount of alcohol consur.ed:  2-3 rups /_/  4-6 cups /_/  7 or more /_/ 

lype of alcohol  
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IV. (continued) 

Do you  taJce any medicine?      Yes    No 
Lipid lowering drugs  
Aspirin or other anti- 
inflasmatory (arthritis) 
drugs?     

Insulin   

Thyroid _^^   

Diuretics     

Other high blood 
pressure medicine       __ ___ 

Asthma medicine     

Lecithin, wheat germ, 
brewers yeast ^^ ^^ 

Other     

V. Family history 

Do you have any blood relatives with the following? 

Yes Ho 

Heart attachs before age 
60     

Diabetes ___ __ 

Strokes before age 60    ___ _^_ 

Kidney failure ^^ ^^ 

Known high cholesterol 
or high tryglycerides?       

Yes No Amount 

Multiple vitamin 
supplement 

Name brand 

Vitamin A 

Vitamin D 

Vitamin E 

Vitamin K 

Miacin, (Vitamin 

Hicotinic Acid 

Food allergies 

Physical Cxanination 

Height 

abnormal 

Skin fold    _ Bicep 
Tricep 

Weight Thickness 

Blood pressure  
normal 

» body fat 

Eye grounds 

Thyroid 

Heart 

Abdomen 

Xanthona 
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Project Title: The effects of dietary and certain non-dietary interven- 
ventions on the individual variability of plasma choles- 
terol in response to dietary egg. 

Objective: The purpose of the present research is to study the interac- 
tive effects of dietary cholesterol and dietary or non- 
dietary intervention on blood cholesterol, lipoprotein lipids 
and fecal steroid excretion. 

Procedures: I will be asked to fill out a medical history or health 
status form and to have a physical check-up and blood lipid 
levels. I understand that my participation in the study as 
a Volunteer subject is subject to my normal health. As a 
new participant I will be asked to eat lunch which includes 
three eggs for the first four weeks. I will be also requested 
to keep daily dietary records and exercise log on provided 
sheets for computer analysis of nutrient intakes. Once 
classified as a responder or non-responder according to my 
blood cholesterol concentration, I am willing to receive a 
dietary perturbation or non-dietary treatment in addition 
to the lunch. The dietary intervention might be change in 
fat intake or switch of dietary fat from butter to margar- 
ine. The non-dietary treatment could be change in my daily 
exercise or no alcoholic beverage. During the entire 10 
week study period a total 280 milliliters of blood will be 
drawn over four times (each time 70 mis). I will receive a 
fecal marker of F.D.C. Blue No. 1(50 mg plus 200 mg methyl- 
cellulose in a gelatin capsule) and will be asked for 7-day 
complete fecal collections over three times. 

As study progresses I will be informed about the status of 
my blood lipid levels and may ask any questions and discuss 
with the investigators in regard to my response to the die- 
tary eggs. 

An explanation has been made to me of risk and benefits as follows: 

Risk: The dietary eggs will probably change the blood level and composi- 
tion of lipoproteins which reflect the lipid and apoprotein moities of 
the plasma lipoproteins. A 5-15Z rise of blood cholesterol level can be 
predicted from the existing information obtained from previous studies 
while consuming 3-6 eggs per day. The final blood cholesterol level of 
participants at the end of the experimental period will be determined and 
an appropriate measure will be taken to lower the elevated blood choles- 
terol level to the prestudy level by continuous monitoring and under super- 
vision of the principal investigator should the blood cholesterol level 
be elevated. 
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Participation Consent Form 
page 2 

Known Hazards and Discomfort: Possible hematoma formation and psycho- 
logical disturbance which can cause dizziness and/or fainting. The total 
volume of blood drawn during the study will not exceed one unit of blood 
as donated at Red Cross Blood Banks, 450 ml. Any any one blood drawing, 
no more than 75 ml will be taken. While these amounts are well within 
safe limits, the subjects will be required to state that they have not 
donated blood within 3 months prior to the study and will refrain from 
doing so for 3 months after the study. If there is persistant discom- 
fort or injury upon taking blood samples, a physician (Dr. Gary Wright) 
at the Student Health Center of the University will be available for 
treatment. 

Benefit: Complete characterization of lipoprotein which will identify 
propensity for risk of heart disease. Also, participation in this study 
will clearly show adaptability of blood cholesterol and lipoprotein to 
dietary eggs. This analysis cannot be obtained in the immediate geogra- 
phical area (Portland is the closest place) and is very expensive. 

Cash reward: I will receive free experimental meals and a cash bonus of 
$100.00 for satisfactory particpation in the study. 

Withdrawal: I undertstand that I am free to withdraw my consent to par- 
ticipate in this study at any time I desire without any further obligations. 

Anonimity: All of my records and data will be kept strictly confidential. 
I will be given an ID number to remain anonymous. The confidentiality of 
the file record will be carefully guarded and no information by which I 
could be identified will be released or published. 

I have read all of the above, asked questions, received answers concerning 
areas I did not understand, and willingly give my consent to participate 
in this program. 

Participant: Principal Investigator: 

Name Name 

Signature Signature 

Date Date 



DIE  RECORD SHEET DATE NAME SUB SCT NO. 

le? 
36 

7IIVIE 

ise leave 
a separa 

LOCATION 

a blank space between each meal. 
;e sheet for each day. 

FOOD  ITEM 

NOTESi 

BRAND PREPARATION A.iJUNT OFFICE USE 

(0 
3 

X 
O 

•HTHITIONAL SUPPLEMENTS TODAY? yes/no/vltamlns/mlnerals 
ITPEIS) /protein 

?RAND(5)  

9 TAKEN OF EACH  
Any questions call Terri 758-00^6 

USEFUL ABBRSVi 
cup       = C 
ounce     = oz 
tablespoon = Tb 
teaspoon  = ts 
lgt med, sm 

USEFUL MEASUREMENTSi 
1  cup = 8fl.oz.   = 16 Tb 
1 lb.   = its'* gr.   = 16 oz 
3 ts.   = 1 Tb.       =1/16 0 
1  ts.   = approx.5gr.solid 

o 
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Appendix D 

GENERAL INSTRUCTIONS FOR DIET RECORDING 

1. Please record your complete dietary intake on the record sheets.  This 
means everything you eat and drink with the single exception of water. 

2. Try to be as accurate and complete as possible when recording your 
intake.  It helps to record items consumed directly after a meal or 
snack. 

3. If a food is a mixture of several items as in a sandwich or soup, list 
the major ingredients separately. 

4. Please indicate if milk is whole, 2% fat, skim, or dry non-fat milk. 

5. Indicate approximate hour of day and AM or PM that food item was eaten. 

6. Indicate how food was prepared:  raw, broiled, baked, pan-fried, deep-fat 
fried, steamed, etc. 

7. Measure in cups, ounces, milliliters, inches, teaspoons, tablespoons, etc. 

Liquids:  cups, ounces, or milliliters 
Fruits/vegetables:  number, cups, inches in depth and diameter 
Beans/grains/pasta:  cups dry or cups cooked 
Meats/fish/cheese:  ounces 
Fats/oils:  tablespoons, teaspoons 

8. Please specify name brands of foods, if possible. 

9. Because this is a study on lipid metabolism, it is extremely important that 
all items containing fats be recorded and measured accurately.  Items such 
as butter, mayonnaise, sauces and gravies as well as all snacks, chocolates, 
and such must be documented, along with their brand, if applicable, e.g. - 
lard, butter, Blue Bonnet margarine, etc. 

If you have any questions or problems about recording your diet, please ask 
me, Terri at 757-3214 or 754-3561, or leave a message. 


